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Interfering constituents and varighl8g,GanpLpifrodyce significant source of
errors that prevent measured bi ol ogic paraneters r om bei ng of clinical

value.: In order to bypass said interfering constituents and achieve 15

.undi st ur bed sipgRabSok "MAS TSR pEM -invasive techniques have been used.
Such techniques have many -drawbacks including difficulties in providing

cont i nuous?noni t or Thgy Pfesertongrpatiods iofclidee. shppoitivasiiveeheshgi ques
also failed Lo, gdelivar the.clinical .useful ngss needed. The 20 placenent of
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whi ch greatly excg“gl sn%t ﬁg‘aisclqagtneé% %P’e%‘fae'gea%ret“@nttﬁe physi ol ogi ¢ par anet er
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“eval uati ngp t hﬂ&@én«:ﬁﬁqﬁt 5 'ﬂIE t.l 3989%5 in humans and animals is by
measuring brain tenperature.” Brain gnperature measurenent is the key and

“universal 30 | ndi daiterfefimptdomdicseasntr angnheddtinraeuakbhy, iaPFodsed e only

vital sign that_ cannot be artificially changed by enotional states. The
ot her vital s?%%l%?ﬁggh TS o-oé/ ur@atan@rREePt r apersurest e) al |

" can be - 1 4 WOR2084£003:34he20t40/2006 pRGTS USR0031 812382 value. 1n

_ order to bypass said interfering constituenté and achiéve

15 undisturbed signals invasive and semi-invasive techniques

have been wused. Such techniques have wmany - drawbacks

including difficulties in providing continuous monitoring

for long per‘iods of time. Non-invasive techniques also

failed to deliver the clinical usefulness needed. The

20 placement of a sensor on the skin characterized by the

presence of interfering_ constituents do not allow

cbtaining 'clini_ca‘lly useful nor accurate signals due to

the ~bresence - of said ' interfering constituents and

background noise which greatly exceeds the signal related
) | 25 to the physiologic parameter being measured. |

The most prec_ise, accurate, and clinically useful

way of evaluating thermal status of the bodjf in humans

and animals is by measuring brain temperature. Brain

temperature measurement is the key and universal

30  indicator of both disease and health equally, and i-s the

 only vital sign that cannot ‘be artificially changed by

emotional states. The other wvital signs (heart rate,

" blood pressure, and respiratory rate) all can be




influenced and artificially changed by enotional states or voluntary
effort. Body tenperature is determ ned by the tenperature of bl i
enits heat OPJAT&)-I?ﬁf'rar'ed radiation. 5 Adipose tissue (’C’@!ﬁ}smﬂsﬁﬁg%zowmfs
absorbs far-infrared and the body is virtually conpletely protected with a
| ayer of adi poféuenseiieandhareintidialilye ctkingedlibis eRASISATE R a@ks

t enperat ure ugirngoi,pgta i%fgggg not achi eve precision nor accuracy because
previ ous techni ques u5|ﬁb sensors placed 10 on skin included by the

presence of adi poskedy SsurperatBecalls aidtierafipedr B¢ tBe beehpaessirdl g£wi th
current techpology ta ngn-invasively neasure brain tenperature, attenpts
‘were nmade to gg‘f’g‘?’n’i n"cé)hli ererﬁltsbog‘ﬁgtteﬁﬁer%laﬁr’é?f’ﬁ%‘%})re‘faéiﬁaééoﬁo as core ¢
tenperature. Adifddsd nvasiuee,(fatt icibsia) , abBcOHY erd £inFrarRdacasat! ¥npr ocess
neasure internal (core) tenperature consisting of

is currently used,to
inserting a c%?%ét &F WrERUa PenperRishsdY Rddictisd (Heturd nddyekankl | .
rectum or esophigis: BulsueSuahepBihogo! QY sBiMOtTIRIY trthl@rEQEnf OYEi N '
measur enent, 20 it is painful, and has potential fatal conplications.

Semi -i nvasi ve" TEIHAGIEs idhe WSS U AgeFr pell. aclhlfer RAcsdPdsadnPh U. S,

Patent No. 6,dardG9 dpPanhsé UsredRthsMebbads hos rdeoear ?158@@” ature

conti nuouIsOI y using a contact lens in the eyelid pocket, but the 25 contact
lens is a sefi®iHvEsiveluded &y WhEcRreeRirs &f adieseei bisore-by a physici an

and sonetinmes it ipecB@beeasy apr%ah?leéC%oth@eCQ{ﬂE@Qéiﬂdf‘é‘swiEhtESrPX 3 of an
infant or even .in_adults and many people are afraid of touching their

eyes. 30 Ther'®Arelegvetsl MTaWDHBRSY meaEuBe | bHsinn teheerpenoy, art for
cont | nuous arﬂ/t@;npggr_e pEAsur gogat of t egRELALHE- %@ggﬁg{mnt%‘%ﬁ{ N %
e . ur ses

tenperature today i s non-continuous, non-core and. nurse depen
have to sti clkcEPeraifEr900a18013EZe20£40/52008s ROFEUSOQRIGIAS82  An

15 invasive, artificial, inconvenient, and costly process is
currently used to measure internal (core) temperature
consisting of inserting a catheter with a temperature
sensor in the urinary cénal,, rectum or esophagus. But
such methodology is not suitable for routine measurement,

20 it is painful, and has potential fatal complications. |

Semi-invasive techniques have also being tried.

Abreu disclosed in U.S. Patent No. 6,120,460 apparatus
- and methods for meaSUIing'core temperature édntinﬁously‘
using a contactr.lenS' in the - eyelid pocket, but the

25 contact lens is a semi—invaSive'-device which requires .éu)
prescription by a physician and sometimes it is not easy
to place the contact lens in the eye of an infant or even
in adults and many people are afraid of touching their

‘eyes. .
30 There are several dréwbacks and limitations in the

prior art for continuous and/or core measurement of

temperature.
_Measurement of temperature today is non-continuous,

non-core and. nurse dependent. Nurses have to stick a




thernoneter in the patient's nouth, rectumor ear. To get core tenperature
nurses inv%yﬁkl}fmwsace a tube inside the body which can cause 2@f&0ot/ix0M06
and . costly “conpli‘cations. 5 Measurenent of core tenpePaTS2008M238x out i ne

basis in the hospital and/or continuously is very difficult and risky
because it reddisrasnerey rirasihee pprocedls enanithh reasettdéoneaf. trebesti nsi de
t he body or byg4,89 I h ter pill. The thernmoneter pill can _
cause 10 di ar %ﬁgg %%Eanggg?gurtéen%{el?%%réng SYYee I%Etﬁef odd F*RGedti€d9eand not
body tenper at €, , ket hawleldlat akaconptduzet i ohstddtidnhe ghdil- @ostijyicts the
.pancreas or |iygE) fuets, Pl acement  of sensors on the skin do not provide
clinically usefu nmeasurenments because of the presence of many interfering

15 constitdents i rttasdivegehat ofi sswe. tempksatinte pOSShbhoutonacguiie preci se
nts of not o erature, but.

and clinically, usef sprRasure fl y. brain tenpe
al so netabolic paraneters. phisf Tal “PHraAMeLarE, e neshc A1t iigrareted s, and
the like by skipty peasisg dtsepsguinss 2nt hensltite Prokay@l egery is the

presence of fﬁ?éftt%%%e'of":@t vari.es .from person to person, fat varies with
en

aging, fat con Varies " FPEh tPfEdeo HPmPIdy 1P Sxnelpaasidng 4 at

attenuates a shgmaimeteni ngifitom arty ooghastsseterf atpi1absarhs heglse fat
prevents deli ery. of undisturbed far 25 infrared radi ation, fat ‘increases

t he di stagtge ravel 6d "By the EFBRETRTIWE 1§ Fgs fledd/ fepdeintiestssdy and an

external sensard ploac eddpnt émyfedtifrace anl hdee Stda1 HGHeibst fofleqd to
identify a met hod&gﬂd ggtpar atus that can non-invasively, conveniently and
cont i nuous! y “50 Phdhi PBFE BT tenparsrere 9% i veai suess, Blaptwentext er nal

and safe manrefl sknisbrseBAOkfePlskeRd 98N tble p3ki fae TREEL: L5 fHr {d18),1@ need to
identify a nmethod and apparatus that can conveniently, non-invasively,

safely. and PIFEEPERTS Ybriacsussi GifodihcalPrpaeneet of smany| idtenferdng WO
2004/ 001383 20nd0f 2t s including fat tissue. ' |

It is not possible to acquire precise and clinically
useful measurements of not only brain temperature, but
also metabolic parameters, physical parameters, chemical
parameters, and the_like by -simply placing a sensor on

'_20 the skin. One key element is the presence of fat tissue.
Fat varies from person to person, fat varies with . aging,
fat content variesifrom time to time in the same person,
fat attenuates a signal coming from a blood vessel, fat
) ‘ absorbs heat, fat prevents delivery of undisturbed far-
fn)" 25 infrared radiation, fat increases the distance traveled
by the element being measured inside the -body' and ' an
external sensor prlaced on the surface of the,skin.

There is a need tolidentifyra_methqd and_appafatus
that can non-invasively, conveniently and continuously

30 . monitor brain temperature in a painless, simple, external
and safe manner with sehsors placed on the skin. |

There is further a need to identify a method and
apparatus that can conveniently, non-invasively, safely -

"and precisely monitor biclogical parameters . including




PCTI US2003/ 012352 netabol i c paraneters, physical paraneters, cheni cal
paranmeters, and the like. There is a need to identify an apparatuys/ 0942006
method caQPE 8137 reasuri ng bi ol ogi cal paraneters by poRGEUSMIING23E a |
sensor on a physiologic tunnel for the acquisition of undisturbed and
conti nuous bi skbghelalc sigmras:teSEYVMARAYER cRHE IpM/ENEEENsThe gheas eat

es .net hods

i nvention prOéig
address the need
set of sensing

or in conbination,, which are designed to 15 access a physi ol ogic tunnel to
L o P BT A P LTRIEAT BAFARRt S PYARSORIERIY and

neasure‘bioloﬁ?%

ratus - 10 and systens that effectively"
8 %@%ﬁeﬁghean%rfggniék?' In general, the invention provides a

SYRiteges iand mepdr tiongdeRanNsy W Cippmiathe Wsedmetnsd vi dual 1y -

physi ol ogi £al &y sepeakidg, a t fieyd 16me)i cdisgaeer edrbynkhecqRiasendns i swenti on

is an anatom c path

exterior. The"

external point.
tunnel conve

i.ch conveys undjsturbed _physiologic signhals to the

SERRER TATWE YU B PERELEd StERR LT ur bed connecti on

bet ween 't he source of the function (signal) within the body and an
t the_end of the tunnel |ocated on the skin. A physiologic

t PRuGS INENTTPHgral data on the physiol ogy of the .25

body. An undisturbed sigaahtlfr omRamidiinn bRy RRAY hechdled | Vapasrd@an

-

external point at the end of the tunnel. A sensor placed on the skin at

t he end

t G uFrriemsy| Fhats 8B el vadivgnaddngastui &he | aredpt I9Sutthe

interfering. arst kteents and sources of error. 30 Included in. the present

‘invention are support

structures for positioning a sensor on the skin at

the end of the tdéRn8enemHo piltsamvenyvont poaviies| vsest dEveewsingdi rect ed

at nmeasuri ng Rfakhst enper at r.aj n ti ; t i c,.Lungid.an, ‘ L
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individually or in combination, which are designed to
access a physiologic tunnel to measure biological,
physical and chemical parameters. Anatomically and
physiologically speaking, the tunnel discovered by the
present invention 1is an anatomic path which conveys
undisturbed physiologic signals to the exterior. The
tunnel consists of -a direct and undisturbed connection
between the source of the function (signél) within the
body and an external point at the end of the tunnel
loéated cn the skin, A 'physiologic tunnel conveys
continuous and integral data orn .the physiology of the
body. An wundisturbed signal from within the body is
delivered to an external point at the end of the tﬁnnel.
A sensor placed on the skin at the end of the tunnel
allows optimal signal acguisition without interfering
constituents and sources of error.-

Included in the preseﬁt invention are support
structures for positioning a sensor oﬁ the skin at the
end of the tunnel. The present invention discloses
devices directed at measuring. brain temperature, brain

function, metabolic function, - hydrodynamic | function,

FARERS




hydr ati on status, hermdynam'é function, body'.chem' stry and the' i ke. The

conponent s“j r%%l &e devi ces and nethods for evaluating biologica0/10/2006
par anet er s @ P.ﬁ bi’ches,  clips, eyeglasses, head mount BET/Yep3/4AE2 he

like with 5 sensing systens adapted to access physiologic tunnels to
provi de preci $¥dgaBieni stetrty Uresbdynamior faheoiomboldyt hehaphigsipl ogi c

Status of theawgaker dof! obnenbaaLing. ! BE salety AN PerLprmRce of sai d

wearer, and helping to enhance preserve e of Kai r by
pr ovi di ng 10 é@équ&ﬁéh@ﬁa@gl gyl alegnsabndpat@ndt emsanugiggat igagchest he
.bi ol ogi cal LaugLer . mni t,or e er; cQnponen rovi de for
produci ng di rec'?Eor gﬁ%ct actllleof’ir%{sj moq r?-'lert%lg glr% ano htélﬁgdg%%em'bl?

adj usti ng énoﬁhéﬁl@@v&me@m adapcké tof ataesd qﬁtysrmllm@ied toanéhe b ol ogi cal
i ol ogi cal

.par anet er e search better t.0_neasure

par anet er s hag res&LTr lgrdﬁl ongc{ anh“blcrﬁgflﬁl 1’1555826 LOrMAREAR | ARPYUed t he
di scovery of ah@r ahmsil'@]rqmrcatmae:usTwmeihe( Bddareandand hEorplmbbat 08 C
‘tunnels in hu Sq resent invention was_the first to

The
recogni ze thgﬁ%hym 0 oglg Pﬁﬁ#%]l'malnr?et RE BBET. Yo Tor SPEN ORISR DN was |

yet the fi rstemlmnrcecagﬂl peeséeventheofl ifbe ot UBARY v rdh@ySkph-Bvsaidqce in
whi ch an ti nal _is_acquired and surerrents can_ be done w t hout

the preseirz{g:)e o) ?uaf TAPEFFEPT nBc¥Bh<tid ¢ BRANBACRYRBIRG PRI t hat
exceeds the sbhipialgibel nparearieed belliy PhESEIHredNVetthan cWRSoRb t he

first to reco nlz and preci.sely map the specjal geonetry and | ocation of
the tunnel i %ﬁ r%f’ﬁeprfbra}’ﬁ“éht‘ihyr% R e 'FFEs B8Rt iPRTemfloiSas yet

fiinst to-30 rcﬁﬁ(ujﬂaitherth@vﬁf@(llo%e aagﬁbtm@laﬁgac@lfersa@%eg sysiAmR1d the
main entry p SI gnal acquisition, Careful studies have been

rﬂﬁnt for optlmal
under t aken i L85 PREr e Pa#EFel SPhenthe or PERbeSRER) | ZPRERRSTear ed
radi ati ornstomd@rsa%ael y determ ne the di fferent aspects of the tunnel. 5

20/10/2006 WO 2004/001373 PCTI US2003/ 012382
he search for a better way to measure biological

parameters has resulted in long and careful research,
which included phe discovery of a Brain Temperature
Tunnel (BTT) and other physiologic tunnels in humans and
20 animals. The present invention was the first to recognize
the physiologic tunnel in the body. The present invention
was yet the first to recognize the end of the tunnel on
the skin surface in which an optimal signal is-écquired
- and measurements can be done without the preéence of
';) 25 interfering constituents and background - noise  that
excgeds-the signal being measured. The present invention
‘was also the first to recognize and precisely map the
- special geometry and location of the tunnel including the
main entry point. The préseﬁt invention was yet first to
30 - recognize the precise positioning of sensing systems at
the main entry point for optimal . 31gnal acqulsltlon
Careful studies ‘have been undertaken including software
development fof characterizing infrared radiation to

precisely determine the different aspects of the tunnel,




This research has deternined that the neasurenent of brain (core)

tenperature and other body paraneters can be acconplished in a20/10/2006

non-i nvasi W& BAHEHIEt | nuous manner in  humans and ani mal BCRUSID0S/@IISEY S
positioned in a confined 5 area of the skin at the end of a physiologic
tunnel . The kenituncddearchncthay | Becatmimel oxhbher did emepeesereat i e and
human perforrrgnce i% brain terrggrature. Brain tissue is the tissue in the
body nost sus€&BtPble*Fo FRBFAAFHarftite Sy bEPAY WP HRREHE IS0 W ReRBer at ur e.
10 Brai n tenpetatmpEidifed higr MOShog! idvia@akky angl eRtinuBakamRh8Ert On

determ ne the thermal status _of the body and the human brain is

responsi bl e fBPmi%gt%“cgo%wllshé’lﬁgatgeﬁgﬁ’é%c%‘bs}tﬁqq?@ B&d? SRRféReRs an
extraordi nfiryatastof tHeOBghiflest Nthd Rak bhes bhjdidierhiesentseonl y 2% of the
15 body wei ght. The great anount of thermal energy generated in the brain
is kept in a confithf ¥s¥celfunation <o p,‘cr1§k‘a?f, #gaé%to&"nd tooF Lé&febral
spi nal flui d)pfesdeait iohnsuhahiufgn! ?%ﬁferxﬂ_ﬁ'ﬁ:é SCONL PN dMpeeAguBI T by the
present invention bypasses the insulating barriers and 20 provides a direct
connecti on t cET#HS detIHE Brsaithe phyEsvel dgy thed hadrsimest Amvecertébley and
physi ol ogi calty spRekhngdamaBLai By TEHPET AliEE Mngbwcm5§%§t9£e.a
continuous, direct, and wundisturbed connecfion between the heat source
within thd 2B¥ail n eRPeaAtExeer A8l S&ENt MeStt heeldmdcel lyherelavent The
physi cal and Epgyam @00k G 0 of, 1 | LRSI t he
brain are repr odugggga;tgﬁé\%@%ﬁ%%i tactge gﬁ%lﬁg%lt teatés?% r?.tquﬂ%T?bgia%fdes t he

i ntegral and Wi demanhdzeinr dnstespetwibdgh folre 1BuhneRo®i thothe i mtar f er ence

-

by 30 heat aﬁzgﬁr g eir?nﬁﬂés’kﬁ{c/iygi ’wf’lc%ﬁ?%?ﬁwﬁ%xﬁggo@&%&:b far-infrar e%d ,:f

radi ation tr mtted as heat 00 rain. re are six
char act eri st ixmsidededgt ¢dhatdeftiee bhr8I17. rEpesecnbar acflerizti of arles 6 WO

gggg/r 8:%;1%; é)r?l(ayﬁt é’gl/ghg QI‘IQe 691'6:'39%%%%99 3(419 11:2l;1%e:8r2ma]1) e%%%%ywégggygterheaF
in the brain is kept in a confined space and the scalp,
skull, fat and CSF (cerebral spinal fluid) form ‘an
insulating layer. The recognition of the BTT by the
present invention bypasses the insulating barriers and
20 provides a direct «connection to  inside the Dbrain
' physj.ology and physics.
Anatomically and physiologically 'speaking,.. a Brain
‘Temperature Tunnel consists of a continuous, direct, and

undisturbed connection between the heat scurce within the

25 Dbrain and an external point at the end of the tunnel. The {-)

physical and physiological events at one end of the
_tunnel -inside'the brain are reproduced at -the opposite
end on the skin. A BTT enables the integral and direct
heat transfer through the tunnel without interference by
30  heat absorbing elements, i.e., elements ‘that can absorb -
-far—infrare_d radiation tranémitted as- heat by blood

: _within the brain. There are six characteristics needed to

define a BTT. These characteristics are:

~




i.e., the area nust not contain adipose tissue (fat tissue). This is a key

gnd'neededgp(f@rlacteri stic for defining a tenperature tunnel, 522)/30¢2006
nmust have PHYUAT® branch of a vessel in order to del POBUSI00E052882egr al

anount of heat, 3) terminal branch has to be a direct branch of a bl ood
vessel from.the brain, 0 4preer nvhghour ankdathasabeoha ngupeskinehas| y

| ocated .to avoid - a rpt.ion_by, deep structures, such as nuscles, 5)
area nust have a Fﬁ?%l 'ana n%&lelagf%%té n?ﬁt ‘e:?’fjg?::én bRLREST &188R€offand t he
source of thermal tifsumier it oimchileye ahidyhdeaatl EhovicrandsBlcafea nust

.not have thernore tQr arterioyenous shunts. Al six characteristics
are present on thgi%%trﬁnéna %‘?{‘g’eﬁ&&iﬁ? %ﬁ’%& area adj acent to the nedial
corner of 520 the eye a@boveatdre fmdialhazant hal td.anden apshidy t B nedi al

third of the upperveesyé_%l i d..n I n%ore deé il the end of BTT area on the skin
measures about 11 Tanih difanBiEr  GeaSTHRES r bhf t hRESEH Ll aomterchf t he

eye at the nedi al hemant hal tendon and extend superiorly for about 6 nm and

D 25 then extends into_the upper eyelid in a horn |ike _ projection for
another 22 mm. The BT‘?’5 ar e%é)’?"‘slnﬁﬁegﬁﬂ??a?@% FA PReab8dyedk thranch adi pose

tissue, which is iof addioodnrressppl fE6 hed bAz@KN nal branch, which has a
superficig blood vessgL 30 coming fromthe brain vascul ature, -and which
has a thin interface &hd fFTHERhoMEGHCHt ORFS sh@ntRe FHReBICRIAY i s

supplied by a teribnatedrescivaia the tsupaicr@t i6Rhbhakols s¥AidMRich is a
direct connection_to the cavernous sinus, Said cavernous sinus being an
endot hel i um | i nedS8§8t ¥mBIC1$SWO 2004/ 001373 20/ 10/ 2006 PCT/ US2003/ 012382

venous channel s insidesy he abeai Nt ChGQ | 6Ct 1380 ang negligible
' interface between a sensor aﬁd the source of thermalf
15 energy to achieve high heat flow, and |
' 6} area must not have thermoregulatory
arteriovenous shunts.

All six characteristics are present on the skin on
the medial canthal area adjacent to the medial corner of

20 the eye above the medial caﬁthal tendon and in the medial

third of the upper eyelid. In more detail the end of BTT

area on the skin measures about 11 mm in diameter

measured from the medial corner of the eye at the medial

- canthal tendon and extend superiorly for about 6 mm and
ix) 25 then' extends into the ~upper eyelid in a horn like

. projection for another 22 mm. . |

The BTT area is the only area in the bbdy without

‘adipose tiésue, which is iﬁ addition suéplied by a

terminal branch, which has a superficial biood vessel

30 coming from the brain vasculature, and which haé a thin
interface and no thermoregulatory shuﬁts. fhe BTT area is

supplied by a terminal branch of the superior ophthalmic

vein which is a direct connection to the cavernous sinus,

sald cavernous sinus being an endothelium-lined system of




stores thermal ener gy The bl ood vessel -supplying the BTT area is void of
t her noregul atory arteriovenous shunts and it ends on the skin ag:kp,ag;gmzo@s
the nedi al WEbMWAEP018TS the 5 eye and in the superior aspecwPcufustigsmse al

canthal area right at the beginning of the upper eyelid. The bl ood

vessel s del i veenondi séhiird sheatsice t RBeSkbPa Ol thachmedbale@ant Rak area
and upper eyelld as can be seen in the color as well as black and white

phot os of i nf PEPETS 18R MRAje SPEREMN THE AIIESY Vegsel2sunmky insitdeurBad

thermal radi ate@niéremd g kol sqeieldosr ad ke ibbensw fareQf aptihe skin
at the end of the tunnel. The heat is delivered to an area of skin without

fat |ocated ai®t®BIBnER ofhe HEkin @fdarenthio b bednedisle| cafalery ofi fheheat i s
locat ed j ust dpe bgh®W A NG eSkhBeaSh tdlsocrt RET %hbsmgﬁlé‘PséyxﬁMaQnaQEa

infrared radiation bg deep structures. .If the blood vessel 1s |ocated deep, .
ot her tissues™iHMd BRerib€alPagipsingc e vidif dupbeor Byehid heZhe ahdodhat can

inval i date theegddii cak;ysef ubpasse@fpdde 12Q,me TR NG 5 here ffedirect
e

heat transfer and the skin in the BIT area is t nnest Skl nin the
body and is Wefifof camdiprazgal @F@rylmetrere}mlmﬁow stamtlse dearerin

| mpor tant aspagd £o1o.0Rid Ml TRASULETRNLOf LATREIALNLE ok ne Lplerference

by fat tissue and direct heat = 25 transfer. ence 0 ssue in
thi s parti®uldregasd shavnquien aPESE.i Nl t Aedbady The theliendrbédt hhetmaimel

al lows the undi;styrhed acquisi of _t n The, conbination
those six el ements ap r%ﬁ;'t %ggu%‘lﬁlgg?urﬁeggigvgrg i eglrl?il ﬁ#%‘:ﬁ 0?1
infrared raditdtsi grkifr grn tthe ebdaoh time t henrdedr. mTfe dieraectlshdah{rémf er at

- he BIT oo QAN LR S o Ll AL e LI cg ()
2004/ 001373 ra@ﬁneszoaa/eomaaa tesued Siearlerealmg heter iedlbbated sj@ascription
as the - gar% Areghe skin and thus. there is no absorption of
infrared radiation by deep structures,
If the blood vessel ié.lobated déep,'other tissues
- and chemical substances would absorb the heat, and that
can  invalidate ‘the «c¢linical = usefulness of the
20 measurement. There is direct heat transfer and the skin
in the BTT area is the thinnest skin in the body and is
veid of thermoregulatory arteriovenous shunts. A very
important aspect for_bptimal measurement of temperature
- is no interference by fat tissue and ~direct heat
25 -transfer. . ' ' ' ' §V>
The absence of fat tiséue'rin this pafticular and '
"unique area in the body at the end of the tunnel allows
the undisturbed acquisition of . the - signal. The
combination'of those six elements allows the undisturbed
30 and integral emissibn of infrared radiation from the
brain in the form of direct heat transfer at the BTT area
‘location, which can be seen in the infrared image

photographs * {(FIGS. 1  to 8). The BTT and physiologic




From a physical standpoint, the BTT is the equivalent of a Brain Thermnal
Energy tunpel with high 5 total radiant power and high heat flog/Tbe2006
t enper at ur &P U3IBr ai n i s deternined by the bal ance berewmeswberss
energy produced due to netabolic rate plus the thermal energy delivered by
the arterial sSwppkysterehealyai neratrets the gt dbadripy ibamoyed Y

cerebral bl ood. L:ogx/t ]}roe GConvection of heat between tissue and capillaries

is high and the ?enperaatu're of the cerebral venous blood is in
‘equilibriumwith cErebrak tphgsiecalAccotsidgdine, pannchyrml ignperature and
thermal -ener géqggvgfe Qor ajfn can be eval uated by neasuring the tenperature
and thermal 1536R&F0Y 0of °t h8 d8AEBr atSFMIusERITE0. tuRels Bkl obig

opht hal ni c5veitntahsradthre ghovaid anadisigh bediicommgst iR ddplhargaver nous
.Sinus and carrifeg cer ebral, venous blood w.th a thermal ener gg capacity of
3.6 J.m-1. (cPi1tht Pirdiadsc PPt TR nashbYcdhep bal 2R rhasdypsantaereabonse, 20
thermal ener ggneadd Produtddermfy A&l fe€APoP: eVl dab BEk byne PLACIRAG @ sensor
to capture thernal eagigy conveyed by the cerebral venous blood at the end

of the BTT. TR TBsedPth'Tsicebhi ilreBTaT beitt adhysveRp g &0t Ueel brain i nvol ved
-various activiimes emsl séardi €8ad Neh UdbRBved) bl NceZanVii rG1 LSt P QYI C.
anal ysi s BL mucosal and sugerfl cial body areas; 2) In-vivo studies with
tenper at ute eVAT(RASIOR Bf ek digtaiecar assPh wudegrpidddransnd$ shid) | n-vivo
functional angidgfRPht emptalcuati OF ofpd1eal  SOURCE; [RRolQ0i G, studies
of the histonorphonetric features of 30 t-hre BTT areéIQJS'Sl)gqlo%?vil\%g lg'lval uation
of tenperat ur@4idiPgéunBTT witha us¢ergbnaer notbestes, tRerordtmgly,, and far-
itnfrared, 6) mahiseD elnbtde e W th -the internal eye
anatony and current !@t andarp% négzguga[ergﬁ' oér%a?{é)1 %&%grrﬁtefr a5 gbrnaw‘sléjsur ement ;
7) Col d and H&&t begergluayad(y m@@sR004y 0OUS emporaPGTeE US2D 031382 '
chal | enggst o ggterm pe tegper tahility of . BIT; d 8) Infrared
i magi ng and i so%rﬁgr m get efr;% ng‘%%b%aﬁSof‘@evr\}é)Pé b1B3d: e Bupdlli -
ophthalmic vein has a direct and undisturbed connection

to the cavernous sinus and carries cerebral venous blood
with a thermal energy capacity of 3.6 J.ml™l. (°C)™! .at
hematocrit of 45%. Cerebral thefmodynamic responée,

20 thermal energy, and brain temperature can be evaluated by
placing a sensor to capture thermal energy conveyed by
the cerebral venoué blood at the end of the BTT.

The research concerning BTT and physiologic tunnels
| involved various a¢tivities and studies including: 1) In-
:g) _' 25 witro histologic analysis of mucosal and superficial body

areas; 2) In-vivo studies with temperature evéluation of

- external ‘areas in humans and animals; 3) In-vivo
‘functional angiographic evaluation of heat source; 4)

_ Morphologic studies of the histomorphometric features.of
30 - the BTT area; S) In-vivo evaluation of temperature in the
_ BTT area using: thermocouples, thermistors,_ and far-
infrared; 6) Comparison of the BTT area measurements with -

the internal eye anatomy and current standard most used

{oral) for temperature "measurement; 7) Cold and heat




for evaluating geonmetry of tunnel was al so devel oped and used.

Si mul t aneous neasurenent of a reference tenperature 5 and tenpergurg/2no6
the BTT ar¥® ReV@1ddne using pre- equal ly calibrated therorAsmeso124s2
specific circuit with nultiple channels was designed for the experinents
and data col kaeli@fge e aBAsWiSREHenplriomher atdl@ i) e BET apga 10
showed al nost identical tenperature signal between the BTT area and the
internal conj §hctPéaRTeAnHITHPDfatthe SopermiPE ATRERRE it i SRf&REA of the
central nervousy sysi@feilPIRLEIRY o0 clifife] epper Y E‘dé\}?elto%%d' oLgr nal
conjunctival anatony of eye as used in the experinment was 15 descri bed by
Abreu in U S.upPaf entTnNGansorp onagguranent6 0812, 398eramee dvanrmyegure
tenperature | gxgl $ehBErBITr@ndn IHLrBat 6¥Ea WELSM 4B O %: 18 F)

wi th an average .ngr %th‘errm' a ?/al ue e%ﬁ va eaﬁt g?EB%A}{é](g%.}%gCF Q?or t he
BTT and 37C (98U 1) ¢akihnesednitdrepalistges. Conmsmeics 6hc 2@incuht t kétlst andar d
- nost used, orgahydgiRer g, Mas, 2l -?ngrfo' d . Ih e r ol tage
. signal of the BT'I'l area  showed ansaa\é/%srl ge c]hlfg ertpgn%écﬁ:’g urrné’%%%vg?ai n the
BTT area. ofdalr eqplileakéne. of 0.3 C (0.5 F) when. conpared to oral. 25
Subj ect s under wentr,col gochallgnge 8pd beale Shallenge Ei oygh exerei sing
and heat room Thehlowerlng and rising- tenperaturein the BTT @rea was
proportiolfhl shouelde alnowey | bdemtricdali stenpduaturiee DigdalcavétweerHovieyver, the
rate of temgrature change,was. faster in the BTT area than f 0 oral by
about 1.2 m nutlgs%%gandaﬁ‘grr%gre at TFe &8 FOBPRCTEE Z \ﬁé‘?ttﬁmg (9%2 Oé‘eg F)

hi gher on. f ewysccavhbels. isSubj exirg iefuadibhereht thacegergaiader neansh-age were
eval uated to rm the precise | qgcation of the BTT area across a
di fferent popt %tét%F’an“ger?ﬁuirﬁ‘gﬁ??fﬁ’%arfg‘e 1RSI G0 237 3%, 1BF
PCT/ US2003/ 0k2832nanét®ln anatamyabifOBye The boedtironmef ckberBldntagr esent

at the s | ocation.in all. subjects with_no significant
4% T RGB! By apte! T8 S Mot ¥ Mo C % 120,460 and

_6,312,393.7The averaged temperature Jlevels fqr BTT and
internal'eye were within 0.1 °C (0.18 °F) with an average
‘normothermia value equivalent of 37.1°C (98.8 °F) for the

- BTT and 37°C (98.6 °F} for the internal eye. Comparison

20 with the standard most used, oral temperature, was also

.performed. The temperature voltage signal of the BTT area
showed an average higher temperature leyel in the BTT
area of an equivalent of 0.3 °C (0.5 °F) when compared to
oral. ‘ 7 ' |

25 Subjects undérwent cold -challenge and heat challenge ' ﬁw)
through exercising and heat room. The 10wering aﬁd rising
of temperature in the BTT area was proportional to the

-lowering and rising in the oral cavity. However, the rate
of tempefatufe change was fagter in the'BTT area than for

30 ofal by about 1.2 minutes, and temperature at the BTT
- site was 0.5 °C (0.9 °F) higher on few occasions,

Subjects of-.different _race, genderh and age wefe
: evaluatea to determine the precise location of the BTT

area’ across a different population ‘and identify any
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. anatom c variation, which can be seen in a sanple of infrared inaging of"
different gubjects. 5 The tunnel is located in a crowded anatonixy A1 @# 2816
thus the pSHPEMG of the sensor requires special geobP€r/D§200301238pt | mal
alignment with the-end of the tunnel. The clinical useful ness of the
tunnel can onlapabemi@chaeiedon.t ITHehd cepedbal oposihel ®IMGaef prgegensor in

10 relation tq.a opnlc | andmar ks .and.the support structure. The tunnel is
located in a ani 33‘% %%‘g?t?%%atﬁqnh it ﬁ&?’?g E3n%t i ° | SHEHEERRDE hat  hel p

define the ernakomic gesmbtriomndwhiaat can ok tdw@sendnofa t bandienngt . The
.main entry poi f_the _tunnel ich is the 15 preferred |ocation for

posi ti oni ng tﬁg&g%rn%%rl,malgéagi ?%smfﬁge%n?b]?ﬁc&sge preferably placed in the
outer edgedof a shippannnelr et Us€atethanpretesn@sa enhadinmnt L£9ratde

.neasur enent Of:h@é oIt %i cal paraneters by accessing a physiologic tunnel
i ncl udes .sensGrs. positt i BREYE T EDR0°par the ulSsRsgEonEe It irgsosFPeeirlon t he
support strucgesmetryThEosUpHet imagt I HEighReddIChydaS PR chegy capt &l ng

sensors. For Ehe eqijrq_gse f the description any structure contalning an °
adhesi ve as neand to S8cHrentsid wsfudrare ¢f &he thensldi gagtonhe hend of the

tunnel is refaciededo vitha thdd gdeinl Nddidizngi Shr icRs Mid hsadhesive
surfaces 61ch a "BAND Al D' adhesi ve bandage. It is under stood t hat a
variety o 'atf%%ﬁ?‘é’ﬁt CRedARE BT HEngRagks nepdditgy sumdiessi wesuctass .gns

i ncor por at i NOTISPr i fi@ink@nsii@n PLRasHAE iatt gchgBliye and des] ans ed on

ot her attachnent nmethods 30 Slj)Ch as ellasti C, ru%%%r,gfeffy%adg%%nd t he

| i ke. The pat NGk EvadapiaE®tie pésndrarksertdets delphededink oftbehe tunnel

for optimi aseuiaaligeoRled o MRLciodNEr PR hE BECLeL ]y gecured to
the area by having an .adhesive backing IC ays agai ns e sKin,
al though a FRewo"em4/ erer373 pPRoLE0/ D06 hePCRUDB2003/ 812882 icontrheat i on of

adhesi ve gnd foLhee-d@aNSAO orf ' 5 1 s fricthid G 1APPOSIALON Ao lifg sensor to
the tunnel can be used - -
- the sensor to be preferably placed in the outer edge of a '
support structure. The preferred _émbodiment for the
‘measurement of biological parameters by accessing a
physiologic  tunnel includes sensbrs pogitioned in a
20 particularrgéometric position on the support structure.

The support structure includes patches containing
sensors. For the purpose of the description.any structure
containing an adhesive as means to secure said structure
to the skin at the end -of the tunnel is referred to as a

3;)‘ "~ 25 patch including strips with adhesive sﬁrfaces-such as a
. "BAND-AID” adhesive bandage. It is understéod that a
variety of attachment meané can be -used including
adhesives, designs incorporating.spring tension pressure
attachment, and designs based on other attachment methods
30. such as elastic, rubber, jelly-pads and the like.

The patches are adapted to position sensors at ﬁhe
end of the tunnel for optimal acquisition of the signal.
‘The patch is preferably secured to the area by having an

-adhesive backing which lays against the skin, although a

1




such as fastening or pressure. Support structures also include clips or
structures_ 5 that are positioned at the end of the tunnel w th »g/109/A7006
adhesive al® Wit¥H3%re secured to, the area by pressurePaBaNB03/MI2Ys?
structure that uses pressure nmeans to secure said structure to the skin at
the end of theombgnation sofefaahéeﬂvas.aﬁdcbtnerlaehﬁadfmurur@dt%guatur es
are structureg npunt ed on _.the %1 g neck for positioning sensors on the

end of the tumnel - andPTHS e © b%?fb%oFMtPntEECEBEB?]r €8 gt usghe
adj acent to tlsechuasetasteind@agsor hetemiise headphone, structures. w appi ng
around the ear and_the |ike. For the 15 purpose of_ this description
TenpAl ert is refer?ecPHer eﬁtrfucéélrass?%?%n%’?%d{d SEASIRe % eHFRICALERE in the

BTT area afid thas meensgdsatiepeat sthecHmagw edrvalne amchdinal; Ganey,
i.ncorporate al a% rreanaﬁt hat are_activated when certain |evels are
reached. Supp8? T uBPETEY S et nthiee aRg Securefclte iR #EeR sBYisi ng

means in whi chresdulrs asiney ARPaBEr @ @ROThEE0N8Es abrd MR eNehegfist Bg tunnel .
. Support structures further i ncl ude nedi al canthal ~ pieces of eyeglasses. A
nmedial cant haPSPiete SPEdalSEFUCtRER efPe it ABiRI Rtasthe neadalofcardal pad

and includes eudb1pac erarPb@GR Wicghppositions sensing means on the skin |
at the nedjal canthal_ area on top of a tunnel with said nedial canthal

pi ece bei hy per maASRA FoRREE hEgTust WFes NBUAL eaf—rttwtamreéyegmggd Apry sensing
means i ncor poglad egedd oA EYEIEASS &Eiﬁ&%ﬁr r%‘é&@' aeglcdessg ng a

tunnel 30 are referred to herein as EyEXT 1 ncl udi ng rreans sensi ng
physi cal  and "r?lf‘en‘i‘éﬁ}elpaﬂ%e’tlmlsldEArhpadr tbﬁelﬂ-e (Uflthnanafeasmlxw t izt has'

visual functign £jLQe0hkarn e pr io h a part in;
contact wth the tunnel |s? rer%terre er g’lrlr?ogg ejﬁrllgg ggéésﬁgn ¥ wWo -

2004/ 001373 Z0/POFPE66 WAL RE8NE the 8a8 2ndnthedidskeonmentihenal
g%/egllsssel% Hﬁﬁ%%%lepyfoghlgygggg?fﬁ:slonr empﬁgegtaigei’éfeyggéal'?grees goggl es
as a system that measures temperature in the BTT area and ‘
has means to réport the measured value and that can
incorporate alarm means that are ‘activated when certain
levels - are reached. Suppeort structures yet include -any
20 article that has sensing means in which said sensing
mearis ‘are positioned at the end of the tunnel.
. Support ‘structures further include medial canthal
i'pieces of - eyeglasses. A medial canthal piece is also -
-referred to herein as a medial canthal pad and includes a
25 pad or a piéc—e which positions sensing means on the skin )
at the medial canthal area on top of a tunnel, with said '
medial canthal piece being permanently- attaéhed to or
mounted to an eyeglass. Any sensing means incorporated in
an eyeglass (fixed or removable) for accessing a tunnel
30 are referred to herein as E)-rEXT- inclﬁding means for
sensing physical and chemical parameters. Any article of
manufacture that ~has’ Visual function, - or ocular
" protection, or face protection with a part in conﬁar::t

with the tunnel is referred herein as eyeglasses and
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type, masks (including gas masks, surgical masks, cloth masks, diving
masks, eye | eeping and the like) 5 safety glasses, an@@he0l/i2G06

For brain terrp{e"r/atlﬂre eval uation the tunnel area consi sPEI/B52003E2383di al

canthal area and_the superior aspect of the nedial corner of the eye. For
brain functi ORSEYEFRat i oFoRWeNtigmId| ar eeyeitsisss of prieseribyid® t he

upper eyelid ayeqladfsys metaRahihc fuaegtion ion the tunnel_ area
consi sts of an area adjacent tg_tgl;le nedi g?ﬁ%%%%%%&ofg? eleesyeor}gn%n}both the
upper and | onEYPeeyBRElS . (prluddagucesemasys , mevagobat faakdi odlodrain 15
function, | mudgaeni & §URCtiQn. PRY.SH aneters hysj.co-chemni cal
paraneters_and the Ii:t(ei}i[éﬁcl udgé %¥§v§€+e?§£onﬁéﬁgbﬁt£%¥rm uf)g%ewwith
sensors actes3iiRfY I8 asgRgsiandghe Likmel s. The sensors are placed in
.apposition to thegkig.imed jacent' to the nmedial corner of 20
the eye preferably in the sug%‘?#%%yt&%?ec?“%#u?%%a?% PSRt hefi*fr ea. The
sensor can al&PHetgoseii ched nedithe campdisdl &héd d=afl the uppssrieyel id. The
sensor is nosigpducef grably. | t the main entry point of the tunnel
‘which is |ocated on the J':5 ?n%%agg%ﬂacr?er 4 P56 t hes cc?rl’pr‘?er 58T ofPHHE eye and
about 3 nm aboirstike pedivdticor nbe ohntdl awye.colasdiaset grimfriife main

entry poimt i aqﬁ’ﬁé 6 T ositioni.ng of the sensor at the main -
entry point of t trur?h/gllz%r%}\%%'egf?ﬁemeo oﬁﬁfﬁ SUPELIOR TEEMANIRG
physi cal and téisenferitelparacet evasdbts herbody. a3QRaBesdfiafmt SEHNS@het hat

the Target Area, it is understood that

makes cont ac L t he skin_at
sensors whi c?]neg%wngto‘%% e %EorPScteXh (314 hBOEki FPEaHPBEY egudl Lpwased. For
instance an iewgkladed- based tenperature neasuring system can be used. The

measur ement is based on the Stefan- 13 20/10/2006 WO 2004/ 001373 -
PCT/ US2003/ 012382 801 t FRARTERGGt physi RELRROWRE ch fuRECioRal Padiati on is

proporti dhal fuoct hen f outdure@ertcof rhher ebsol UbBysical parameters,
physico-chemical parameters and the like includes a
_variety of support 9£ructures with sensors accessing the
physiologic ﬁunnels. The sensors are placed in apposition
to the skin immediately adjacent to the medial corner of
20 the eye preferably in the superior aspect of the medial
canthal area. The sensor can also be positioned in the
medial third of the upper eyelid. The Sensor is most
.prefgrably located at the main entry point of the tunnel
- | which is 1oéated on the skin 2.5 mm.medial,ﬁo the corner
xw) 25 of the eye and about 3 mm above the medial corner of the
~eye. The diameter of the main entry point is about 6 to 7
mm. The positioning of the sensor at thé main entry point
cf the tunnel. provides the optimum site for measuring
'physical and chemical parameters of therbody.'
- 30 Besides a sensor that makes .contact with ghe skin at
' the Target'Afea, it is understood that sensors which do
not make contact with the skin can be equally used. For
instance an infrared-based teﬁperature measuring . system

can be used. The measurement is based on the Stefan-
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tenperature, and the Wen Displacenent |aw in which the product of the
peak wavel ength and the tenperature are 5 constant. The field ofpwfew/2006
t he non- coWP28¢4/1083Bar ed  apparatus of the invention is ecEpsmissn3smt ch
the size and geonetry of the BTT area on the skin. A variety of |enses
known in the Boltedin bBawsel $1fsicachirewiigh hand iltd10ofravievidgeded for
the application. 10, For. exanple, but not by way of limtation, _a

t her nopi | e caR*BROEUHPEd: &Fd 88 t ifWEdE nPRYRENNEE t GPRavBPECEIREEd  of

view ai med at téhgerBivresntay RPeNtwich hepBlifeatsd 04w ihewskiéw. cdbe signal .
is then anplified, converted into a voltage output and . digitized by a MCU
(mi crocont r ol PEPYUCY 50 hthe| Rpphr ¥8VBASRIT Sy e mtEEN LEBPEFR BYiat @82 i nto a

support stsucteigcdidiat i |1 QANACy M Iyt Neh DO SUkRacaS iaBYaplat he
support structures of the present invention. In addition, it is understood .
that the infIRRTFRPERE L6t AVERLLAR pPedEnrted ntenPRier cete beiz® :

i ntegrated asagy RRIInRKS 9F dangrTheldetnit GMehel y - disconnected from

the body. The apparatus of the present- invention can be held by an

operator that aing d&Fdeteappharkansesaknpie BTTthe eartt ¢apebroraed hior

measur enent . i e ARBANAEUE Al BEr UG Hdenean (BX! eRsl aRpsanethd o be 25
confortably positionéd at the BTT site for neasuring Fo ogl ca

par arret erd wiEdowexafipdeontuort npp blre waybjofctlinfitetésn ensi bhermopide act with
the skin at theg BLT .S g@qgﬁp' ; apce, with the a  CcJ mar ks
and the geonetry ar‘?él1 Eltze 0 ﬁ?%lgi%géﬁqt{eﬁ ar\r’\\d‘éé@n rgPeg%g£a€%e§n@30

sensor is pogift ivireed aiimethat eltension émtyomodat wit hhe hBTT saan foor _
receiving radiati em.tted. t he .BTT site... The present. i.nyention £y
provi des a ngh%ogwgr'%%sg% %%nb%%l%%ncaﬁmp&élrféﬁéf eFEITHATHI ATt Re steps -/
of positionviedtegesougpureams! dngitiezakity ar sgUaimidewcendrol ledy. WO

2004/ 001323 - PCTLUS2003.020/10/ 2006 12a t | r oduci Sl |
correspoﬁ1 ing to #Hés BF%f%rgeldclf F‘Ssgr 5??3?%'?uﬁ%ﬁsﬁ?gég%%a&%ﬁlgﬁﬂtﬁggt he val ue

of the parasepeprheasmuiethre that is in contact with the body such '
- as any of the support structures of the present
invention. In addition, it is understood that the
infrared-based system of ' the present invention can be
20 integrated  as a portable or hand-held unit completely
disconnected from the body. The apparatus of the present
invention can be held by . an operator that aims said
apparatus at the BTT area to perform the measurement. The
apparatus further includes an extenéion shaped ' to be

- 25 comfortably positioned at the BTT site for measuring iu>-

biological parameters without discomfort to the subject.

- The extension- in contact with the skin at the BTT is

shaped in accordance with the anatomic landmarks and the

geometry and size of the BTT site. The infrared radiation

30 sensor is positioned in the extension in contact with the
skin for receiving radiation emitted from the BTT site.

The present invention provides -a method for

measuring biological parameters including the steps of

positioning sensing means on the skin area at the end of
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It. is also include a nethod to neasure biological 5 paranmeters by

non- cont act,.A nf . thermonmetry conprising the steps of positizxm/ng/2006
i nfrared dtg{%%{ogr@(hg% the BTT site with a field of view PREUSHREBIZBHsSes
the BTT site and producing a signal corresponding to the neasured

infrared r adi®at itb‘ﬁ_?le#he B?‘_Eﬁ”é@}in@al Sparsagpedr scordaptediogt enper abaire, bl ood
chem stry, TBEabOLIcar WnEhRBENLEG o 146 Jomenalutg andigbiLity to do
chem cal anal ysis of Bblood conponents 1s prop rtiondl to brood ?) rfusion..
The present “PRVEFEIT SreBoysizaal t hat the tunnel area, herein 15 al so
referred as a Target; Argag,h hi, gh superficial bl.ogd perfusion in
the head and has a d%rectsocg%%?%a i(r)n%%\}?moiih%t h&BFPRFR, %&ﬁ’ O?Eﬁi‘ t he bl ood
vessel s Ar ePar#eRhens dyches-obntdrt derfebrall vasombaititve cafgryoisy of

t'her mor egul atLy rd hunts. |t_was also 20 recognj zed that the
Target Area has ?ﬁ%ﬁfidg éﬁl’%?gﬁﬁ%?a?%rjenfirﬁﬁeﬁe ‘%ﬁFFE\‘&’é of the BBy as can
beseen in thEtphetbyraphielel oXperdwranias reasuphsged nfiargedr emissi on from

t he body and e T arget Area discovered not gnly has the_thinnest
25 and nost %%élm ?r{l)g%ﬁls ki-gh'ighgrfaﬁe WROT BB Wut *Ps I’;?"r‘?‘e mEAFYTeki n area

without a fainfrayed Shaieifat. abher hsiclsiggekli oeutarewst siné1dadi ation,

there is i ficant ducti.on of signal. Furthernore other skin areas
1R / 9 [ )

only provi Zée(glﬁyr?ﬁraggfgé ég%ocﬁn%%ﬁsétré"sP&ﬁﬁPglb‘écg‘ﬂ%"e‘”&n t3e! 39 ar ge

vari ati on oflig#i.pose tissue fromperson to person and al so great

variability of f?'te tissue accordi ngl age., This. interference by a fat

h! :
| ayer does not - oCCUr ST H M ieh S fardfet 1,&8’95120 FiR t Faeisied, anvd YedRbiofed

char act er i stileedokompendmeis A@FHortaBhaAN Yot Blé@@dé&ﬂ:si&.zqh@/ 2006 WO
2004/ 001373 PCT/ UsS2003/ 012382 in the rest of the body, enable the

acqui si ti on P8 " RE P EIE O AEFCTRREES GHdd theghanned #ime heaxeis which

far excdsds ahaekgrepagra®i sgs 14 agdiddOn, aARQ0Y has the highest

superficial blood perfusion in the head and has a direct

communication with the brain, and that the blood vessels
are direct branches of the cerebral vasculature and void
of thermoregulatory arteriovenous shunts. It was 'alsd
20 recognized that the Target Area has the - highest
temperature in the sﬁrface of the body as can be seen in
the photographs of experiments measuring infrared

emission from the body and the eye. h
N , The Target -Area discovered not only has the thinnest
'in) 25 and most homogeneous skin in the whole body but is the
only skin area without a fat layer. Since fat absorbs
‘significant amounts of,radiation,.there is a significant
reduction -qf signal. Furthermore other skin areas only
provide imprecise and inaccurate signals because of the

- 30 large,variapioﬁ of adipose tissue from person to'person,'

~and also great variability of - fat tissue according to
age. This interference by a fat layer does not occur in
‘the- Targe; Area. = Furthermore, ' the = combined

"-characteristics of the Target Area, contrary to the skin

15




tenperature such as is found in the surface of the skin 5 in other parts of

“the body is variable according to the environnent. Another inpageany/2006
di scovery BP WH&0b¥dsent: -i nventi on was the denonstrati RCEHSA01E38Tar get

Area is not affected by changes in the environnment (experinents 10
i ncl uded col dimandheeateshaldfengrg . bdis, Taegahld\r ede pEeyiidEsian opf i mum

| ocation for tenperature asur enent ich has a stable tepperature and
which is resi%f%ﬁ a5% % raTlgﬁt 2BBnai t91°8\r$2.51$ﬁﬁ Tﬁ?gé‘f’li?eﬁaﬂgcfﬂ}é”r}éd has a

(] direct comnecekesefi® tbackgabind i snbekeaf f aet edadnyitiite, 15 o3y r onment
and provi des 2 natural , conplete thermal seal £ and stable core tenperature.
The appar at ustHRFRELAGISUGE 28 hdSpfeEBAt 1RntBRt PUREaRMi @V ethf e8FEt on and

clinical Lsefnl ot neaded of tdhet MRAONT REESE¥E PLasSARINg Ofo ache
tenperature sensor on the skin in direct contact with the 20 heat source . .

from the brai TWHRGGEEt he interference of heat absorbing el enents. The

Target Area is exhheRBbY Vashitaati 28dca80ery Sof NGe PHe¥esKi AnféfRidd Which a
direct branch of the cerebral vasculature is superficially |ocated and
covered by a'®F t R sHERORFRURSdORa £BRL| a8 . TRF@etmi ATER unks ofnathe

termnal brangfreekebhenppitihialgusc V&I Nche | OeA &Afeh@Nt (ebeit NfeRET area

and just. above the nedial canthal tendon supplied by the nedial pal pebral
artery and medicdpdedr prekd \didh. beré BFRRlkgngedn t AeeskTargeipplde@ by a 30

termnal and ;sunesthChal obt ogh VRASSA N0 ddhedraBRLLT GULALGfER W thou!

fat and void of thernoregulatory arteriovenous shunts provides a
superficial $Bdfkehas auRbrBlaripuwdiaguog eal whipal 5= i re$iatiany Bboain 16

10 2004 00178070440 2008 BT LSNP LR ELAROL )
the like. |dfiraeedcopeectionropy fhe abrathni gaenbasedfentefiebgbsdepti on of
infraredIgadgﬂb£98n$ghéﬂgﬁﬁt%QS@%dgétQ ﬁggﬂral, complete thermal seal
. and ‘stable core temperature. The apparatus and methods of
the present invention achieve precision and c¢linical
usefulness needed with the ~non-invasive placement of a
temperature sensor on the skin in direct contact with the
20 heat source from the brain without the interference of
heat absorbing elements. |
The Target Area is extremely vascularized and is the
only skin area in which a direct branch of the cerebral
vasculature is superficially located and covered by a

25 thin skin without a fat layer. The main trunk of the : ?u>-

- terminal branch of the ophthalmic- vein is located right
at the BTT area and just. above the medial canthal tendon
"supplied by the medial palpebral artery and medial
orbital vein. The BTT area -on the skin supplied by a

30 terminal and superficial blood vessel ending in a
particular area without fat and void of thermoregulatory
arteriovenous shunts provides a superficial source of

‘undisturbed = bioclogical - signals including brain -




5 identification of said substances according. to its unique nolecular
oscil | at ory B}/@rﬂsdepi cted as specific resonance absorption PepkB0OY 200G
i nfrared regﬁo 37t he ~ el ectronmagnetic spectrum Each H2883/01338Bst ance

absorbs infrared radiation in a unique manner and has its own 10 uni que-
absor pti-on spé&StPareiendi mgtarelitcs fwwet ionandehywl @dul aigeaYsanganent and

vi brational apdg{otati;qra [ r a n. . Thi ni gue absorption
spectra allows %ach clhem'k/cg‘l%lgu%)gs%te{%gesgoi%g%ll’cglrﬁ@y%ﬁlgv%%f? s own infrared
spectrum al so refErragetdo spectirngerpy | né er tScigiignet. resathieh ean be used -

to identify eggh,ofiiSUche s es. sRadiatipn containing various infrared
wavel engths is en}icértlelcl} rabtft e s’%%?t Zfﬁgggg%) eg}'naglslg’rsg RCgh vt HE unt of
absor pt i on’ of identiidftiicenips dEpemidedubstipones hecenntient rat iiee ahigal d

.Cheni cal subs];lgfg;:g in asured cor di t o Beer-Lanbert's Law.
Interfering consti tlggnt g’sé:ﬁgl\gg?lrﬁbl nggﬁﬁl agg?Ja‘ftfe bof®, RHSEIEC

| i ganent s andresamanicagebentpoithic epesisgninf itt@ntinsedree 9bgesi 055 i ch are

particularly _€ri.ti since the background noj s reatly exceeds the 3 25
si gnal of theeg%égtsﬁog'%é%e%?ci?ﬁee‘:f%é’f“f Fﬁféeglf‘ﬂ%’s?% ?Eﬁfb&tﬁ FENGPEOMt i t uent s
area not presorfiragedt heddkithoat int he Bdiqes edanddie S8ASHAE S\st efm

positioneg, at_said BIT _are can acquire optinmal signal with mninml noise:
i ncl udi ngfbspe% lr gco%?s(?-r 5488 MPESITBneIREP 389 SR8t ABE ¢ G5B e AiRE
i nt egrated i Modesuppor tarsdnditdentes afdilsch-Osed iichat he spaesedtad PRAL i On can

precisely norgsi migsi vely neasure bl ood conponents since, the main sources
of variation ATd ety ~ SPRHSFD f atThiS| sdRdTuGr e 2RBPTRE EABNSREFtERe Tar get

Aréa. In addisiilens eddnh Eh@ROAMI0QA3ER230L 10420061 < LG USR03 Q12352 ot her

key constituents which interfere with electronagnetic ener gy emi ssion such
as nuscle, carfrPage “RRACPYRes 218Pe HFETprEsdm 7R (HOIFAPHLRE APBa eit her .

The bload vessahsuslel bMeEhN@ahhesd Nhsad edor ad{edti®y &Ln of such
substancesg. Radiation containing ~ various infrared
wavelengths is emitted at the substance to be measured
and the amount of absorption of radiation is dependent
upon the cohcentration.of said chemical. substance being

20 measured according to Beer-Lambert's Law.

Interfering COnstitﬁenﬁs and’ variables such as fat,
bone, muscle, ligaments  and cartilage introduce
significant source of errors which are particularly'
critical since the background noise greatly exceeds the

E;) | 25 signal of the substance of . interest. Since those
interfering constituents area mnot present on the skin at
the BIT area, the sensing systems positioned at said BTT
are can acquire optimal signal with minimal rnoise
including spectroscopic-based measurements.

30 Spectroscopic means ; integratea into support
structures disclosed in the present invention <can
precisely non-invasively measure blood componentg  since

7 the main sources of variation and erfor, such as fat

tissue, are not present in the Target Area. In addition,
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5 superficially located and the infrared radiation is 'delivered at the end
of the tunpel wi thout interacting wth other structures. The ord(y/10/2006
structure M8 W&U3ersed by the infrared radiation i s RCTAISOBAIZASSKI N,
whi ch does not absorb the infrared wavel ength. The present invention 10

i ncl udes i nfr&tBET spdety oscopyshbammtso prekicde a idterifeakly usehul
measur enent w j.se d__accurate determ nation of the

concentr at i oneggc%ﬁ?ﬁrg%d& g%%ﬁgﬁeﬁrf”sssaltont R&c n&‘sof“ufﬁget uRHe LtagR
addition to speétbossopyaia ndti pheebrctmomgnabirget 15reacs gihd:s daki vered

to the Target , e present . invention al.sq discloses, apparatus and
met hods for n@‘é‘gﬁri‘?}%ss%bsstz;%ﬁcégeﬁnq nttgﬂ'eestlﬁgﬁFSE h Fafi3tnqtar &8¢ t her nal
eni ssi on f#onstber Marigdtl yAr dacaled, Hesi dee neafFrai8fir ar£dh Speat r 9scopy and
thermal em sshg ot rat_[reggs 20 .are di.scl osed .f or, neasur enent of

at

et Re P4r §&t Afed YHAII H BttectHF@s63rE as a

subst ances of 1nteres
flux enhancewetit dbhdronttoplenesss ThHe RN’ $€rhOOEOPNOS O5d SraWel-BegnCr eased

passage of fllt%in:}'{ehr.o h_t he sél n_through application of electrical
energy. Yet; tTansc &GS 289bPLITaIt o nBaiEr¥aht il stk e iviicdr dee®l i nt o

support 9 stmeictaifeesbi releudhhgar@diwlvetangbal Phecssesdmdisiiedepose pads,
and the ,f{éirreinof %egl asses, with said neans positioned to access the
tunnel . 1t i s RMEEREt odP TREEap SPPERTPRHPRIT CMRaEht | tO 30PTPYHIBOM ¢ waves

as well as chenindekigphaneers: of nédaMemeBleCls OROT @hiON2Rd; 0L her yreans can
be used to increase perneation at the tunnel site such”as %or exanpl e
i ncreased fl GTHF2GFuEEEETIIEH 1 Ne Usehsf camegntrakien. of | hhaddleddn

creating nicroompehests Nat hend angebs 3188 2 18 W 2004/ 001373 20/ 10/ 2006
PCT/ US2003/012382_a | aser, or other means that penetrate the skin can be "~

done with the sub$BqBefttiRmdenemecsrosesmy nip rdemh mlecthondifersicte, with
‘said nmeans capabb® Ofs MRIYLEPES f&%enlﬁé"z%‘}r&%“”ﬁea, the present

invention also discloses apparatus and methods for
measuring substances of interest through far infrared
thermal emission from the Target Area. Yet, besides near-
infrared spectroscopy and thermal emission, other means
20 -are disclosed for measurement of substances of iﬁterest
at the Target Area including electroosmosis as a flux
- enhancement by iontophoresis or reverse ‘iontophoresis
- with increased passage of fluid through the skin through
application of electrical energy. Yet, transcutaneous

23 optical  means  can also be integrated = into ,Support {;>
-Structures including medial canthal pieces, modified nose
‘pads, and the frame of eyeglasses, with said means

positioned to access the tunnel., '

| It 1is understood that application of  current,
30 = ultrasonic waves as wéll as chemical enhancérs of flow, .
electroporation and other means can be used to increase
'_permeation' at the tunnel site such as for example
-increased flow of glucose with the use of alkali salts.

- In addition creating micro holes in the target area with

18




5 Furthernore, reservoirs nmounted on or disposed wthin support

structures the frame and pads of eyeglasses, can delivgy/10/2006
subst ances%@%ﬁ%&@??ﬁl ly at the BTT site by various neaRsT/UR9PHeN2sH3

i ont ophoresi s, _sonophoresis, electroconpression, electroporation, 10
chenical or pRysiaSfit pémastiesn meahantbrs, pepdtostat tbe pkisseam had t he

ke |n addiboge LAcKeasr GubBEqdEhiiah: BBHIL: Obe OXUOEN, | R Aloog, the

present ‘invention al so discloses “neans neasur e oxyge uration and
t he amount of tB8RygBFat dtes hehdyl obiif. meanti sapabddi neht mebeumbaly al

.canthal pi ecechohidafWRRLhngiructure or the nodified nose pads of
eyegl asses_contain LEDs emtting at two wave |l engths around 940 and 660

Qanoneters$ As t heFpridsamexggenveservoigisangesintiele at i orof dtsposédht
Adransmtted by;ihe,t fr ' changes, indi cating .the oxygen
saturation. S nce t%%%%gog%?gggﬁeﬁs; r?élacs@lgtjraesd the ffﬁgm‘énan%fp%gs p‘%@si ol ogi ¢
brai n tunnel ,eY¢@lagansnt o delderat etbshanogk obiransdetnia 181 t=er i gle bl ood of
the brain is pppasuyred, [ i.s the npbst val uable and key parameter 25
for athletic pur pos{e‘géjan%phea Ijtla’uﬁonin?%?f ng?nﬁ’ﬁéé’ﬁ}geselrﬂnt\éﬁg‘é’ﬁ??% al so
provi des a netdrRbPHaesigeasur iefgebrotogealsipar anet efls:csirbposat thrdret hod

i ncl udi ngi¢ heatens,(of o directing electromagnetic radiation at the BTT
area on the b n, Q%rlodﬂlf:i Rélygl%?mgngfrrgﬁaEb?'?e?B RBFAYS 1 o£¥ﬂ’é°‘?"e%td1°ci ng

radi ati on andm=swoerct ang thehdikegnal into a val ue of the biol ogical

paraneter neasured. sides usin assive radi o transm ssion or
conmmuni cation by ?glbla;%%lﬁé?? v%"r'a%?%“ﬁ A% aSHet VRTPRIE] PANTHHSSH 001373 -

PCT/ US2003%® licll HYoc®,0 theb pragkhy e ihvensibd t £1So CONM @id¥eRT r2aRkCReM ni at ure
battery nnurt}ltee%ui n the support structure can al so be used. Passive
transmtters act Irom energy2SHEpH S 88di -hef (fiAungn Axteryranagedr ce. The

transensdf t hanegilobisi gnal shi® edbs@miR | QEAthS USERE ndh | fakeRt
frequencies B@dlgeuédégort structure: of the modified nose d f
_ _ . _ pads o
eyeglasses contain LEDs emitting at two wave lengths
around 940 and 660 nanometers, As the blood oxygenation.
Changes, the ratio of the light transmitted by the two
20 frequencies changes indicating . the oxygen saturation.
Since the blood level is measured at the end of a
physiologic brain tunnel, 'thé amourit of oxygenated
hemoglobin in the arterial blobd of the brain is
- "measured, which is the most valuable and key parameter
f;) 25 for_athletic'purposes and healthfmonitoring.
' ' - The present invention also provides a method for
_ measuring bioclogical parameters - with said wmethod
including the steps of . directing electromagnetic
radiation at the BTT area on the skin, producing a signal
30 icorr‘esponding to the resulting radiation and conﬁerting
the signal into a value of the bioclogical parameter
measured.
Begides using passive radio transmission or

communication by cable; active radio transmission with
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of the | evels of biological paraneters. Utrasonic mcro- circuits can also

be mounted_,jn the support structure and nodul ated by sensors IEN18Y2006
capabl e ogv‘-)(ﬁ)eztoé@?qlﬁ"a chem cal and physical changes at tB@Tfﬁﬁ%(é\gﬂlg]ﬁﬂea. The

10 signal may be transmtted using nodul ated sound signals particularly
under water b&€ad¥e JSanraTittersscantainiacede bycnenigriativae dred treadi o

waves. One prghehied ePOUHEBNL,GOMA T SE8,ASUPPOLL SULYCLYY e Jgl uding a

i
pat ch adapted to be worn on or attac W th adhesives 10 € tunnel
and includes SBFBEVErb¥amuppoers actefison éuvergrasippligdbitol dgi cabm :
paraheter s, PRCIe-SaUhES. cBLEEOCOML OLL Slo Ay HIARRD Lighay dNgPATLS
can be incorporated into one sSystem or WorkK as indi Vi gual uﬁp?%._ Re sensor
is |ocated? 20cpretelabbyiend hiaing miifferetthef oedwemadidge ifditdaeipat ch.
‘The appar at us ,gf e t .can_include a tenpergfure sensqr :located in -
the outer edge o'f:ﬂfghleé‘ge\élt%gﬁf?c@fﬁoggﬁls?%g Patrear?}ﬁ%?ﬁ Ur‘gi.tﬁaf’?eorilrcaﬂ’%ﬁ?f’t‘er,
power source ahdcwitwercanceiponkbatsowaredanofthanyupsozie snthctarebanpl aced in

any | 25 part e patch or_can be.connected to e patch, as | . long as
t he sensing ngc‘r? ufl’%eﬁoa%gd hthe e&’fﬂécgf e fapﬁgil%h ‘%1 g&‘f&fzaéﬂge Wi th
t he princi pl eshefiddle am¥ephisficallhehsefnsoOr atn thike Padpdt | Srgp0si fhened on
the skin Oadj a{:ené'lt tng tgg%rlgdi al .cantdhal .area rrﬁdi al. corner of the 30
eye) and [Dcat B dtY FHOR AT E rdtitae d‘}é’ﬁl“ aFedeAaBAY PAE"_LRsor can
preferably i nEttdedbetyr unddl Ywadeas &ecafbs 0sSundUls NAksLla@ebhhsedg Syst ens

can be used such as chemcals that respond to changes in tenperature
i ncl udi ng ny!3 ¥346T EPaM%Gfﬁeelgﬁegm 10/ 2006  PCTI US2003/ 012382

Besi des patches, amet hesrgfeeirefr €ndHRQReREN! ddpriBBASUTd Ngshgbagi cal
parameters at the gggsi_ol Qgi ¢ tunnel includes a nedial canthal pad. The -~

medi al cant hdlF5pICERET i0cIUdpagi & iR st RHRPEAR EBNtRE NVAKR sORs B for

15 attached  with adhesives to the tunnel and includes
structural support, a sensor for measuring biological
parameters, power source, . microcontroller and
transmitter. The parts can be incorporated into one
system or work as individual units. The sensor is located

20 preferably within 7 mm from the outer édge of the patch.
The apparatus of the invention can include a temperature
sensor located in the outer edge of the patch for sensing

temperature: The transmitter, power source and other

components can be of any size and can be placed in any

25; part of the patch or can be connected to the patch as. l)

long as the sensing part is placed on the edge of the

patch in accordance with the principles of the invention.

The sensor in the patch is positioned on the skin
adjacent to the medial canthal area (medial corner of the

30 eye) and located about 2 mm from the medial canthal
tendon, The sensor can preferably include electrically-
based sensors, but non-electrical systems can be used
~such as .chemicals that respond to‘changes in temperature

including mylar.
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5 accessing the tunnel and adapted to be worn on or attached to eyegl asses

i'n apposi tlvg(? ifﬁgf the tunnel and includes structural support, a xZgnsoy Xoque
measuri ng 8 ﬁ?lé?;ﬁ parameters, power source, m croconPECHUSZI03/A1AE82

transmtter. The parts can be incorporated into one 10 systemor work as
i ndividual units. PBreidensorsches, posthépnededortbe Bhboadigent Ther

‘transmtter, pRWEr.. \ d,other conponents cap be placed in the
medi al  cant hal pé‘élﬁguﬁ&f raSgir Paot™e eglpsefgglt%§58 Y80 CItungght hal
pi ece or extergicdndes nosedjmldszofthejeghasseshdSmadlow @anessi paekbe

,physi ol ogi c tynnel, wi ASLN devices laying in apposition to the BTT

area. The appar at Us o%g]etcﬁgl?rzﬁgnt isgﬁu?%ﬁeudec%f%[aéﬁ'ﬁﬁgat FEESok@nsPT | ocat ed

in the medPal acapthiahg pathe Fountenpemad UsGapeaS woenBat khe, Seasi By system

Ji's | ocat ed ona@t§g+gd afga 20 %hat i ncl udes the nedial canthal corner of the
id

eye and upper 6yelTd. ThEYSBMHI®T ni? hBPRRY ot dift hike psEnRal pRéf er abl y
posi tioned onithéuddd n sadjuacensl t osigiprtgdi al  ségdhal s eqeERdi @l corner
of the eye). ﬁ\%?gul h.one of the preferred enbodi nents for neasurenent of
brain 25 tenper atute corXE§tEFe neRPYFT cSAHTRe: prdEEocentrellemdardt ood

that al so i nckugeshititeirhe sEOp@aafrst hgani MENtHEB 6L ASE iRRES Qe
geonetry @@d gisgéaethat reach the tunnel and that are equi pped wth
tenperature sensors “preferapt§ i e Waterutidge ofheaisensese pads for 30
measuring brapositeimpedat bhe ansl @er sHAct i SRS, Adnspuetslzed,and. nodified
nose pad contai ning sensors using a special geonetry for adeduate

posi tioni ng at e BFPY QB&T | CoMpreTtfcIqgdedei Rlenedi iwehhe onedizl

20)10/ 2006~ War20Q4/ QAES TR -iPGRWS2003/ 92882 Wi dhe i sclosurg of the

present invention and by using anatom c [andmarks in accordancé W th the
i nvention t HEWERdoPIESS & peresrsign poki npenedads tdfe skéglamseshe end

of the tupnelalildeweybes$iffe chlaer Shi{ﬁié‘?off&t ernale? v‘iﬁﬂrtl)l esénr%q’in%ati on on
the skin relating to the size or : _
deviCes laying in apposition to the BTT area.

The apparatus of theAinvention include a temperature
sensor located in the medial canthal pad. For temperature
measurement the sensing system is located on a skin area

20  that includes the medial canthal corner of the eye and
upper eyelid. The sensor in the medial canthal pad is
preferably positioned on the skin adjécent to the medial
canthal area (medial corner of the eye). Aithough one of

| the preferred embodiments for measurement of brain
5\) 25 temperature comsists of medial canthal pads, it 1is
understood that also included in the scope of the

- invention are nose pads of a geometry aﬁd size that reach

~ the tunnel and that are equipped with temperature sensors
preferably in the outer edge of said nose pads for

30 - measuring brain temperature and other fﬂnctiéns. An

_ oversized and modified nose pad containing sensors using
a special geometry for adequate positioning .at the BTT

area is also included in the invention.
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geonetry of the tunnel, accessory neans can be used to visualize, map or
neasure the end of the tunnel on the skin. These accessory meang) /My /B%06
particul arV§ 200173 for fitting nedial canthal pads or moni§iceshinssse pa(?s

of 10 eyegl asses.- Accordingly, a infrared detector using thernocouple or
thernopi | es can bevirdedhas diecacsessosy {0 pidienti fivveacibe RO NGy of

maxi mum t hernal . em ssion.and to map the area. An infrared i nmagi ng system or

t her nogr aphy 15 hede 48y b a’i’)‘%&?@&ab‘iny arsegdanse pHitd thes iRvest 1o

optical storetkelddnuprt baneyeghAssSase16aRoBAY Eoded Y MRl siABILATLSY St em

The optici an, tcgchPi cian _and the |ike take an infrared inmage picture or
filmthe area®Andti AR EHMNEY nelPBRRRY zeSiIRE tEhATE ©F PReSphRTRall ar i

user. The 20 wagirale Ciafaii_f&ati_@ﬁd%north@@ﬁi&leckéi%%enﬁa@% Gap tden be
adjusted to fit the particular user based on the thermal infrared inmaging.

The eyegl asseFWET| e FhfasetPti -t RSCaskerfaMepRBgeanr & atbedTHis Wil |

al | ow cust omiwadihiibbi NaBCEer Hcasuke khe endi Wrdyale nagas10f.f ha,diser. Any
} 25 thernography-based system can be used including sone wth great
vi sual i nmpact®MHid’ reEHUtaEIeSESTY Reangi M| bhaparebtwratlierwedfudave

) ¢ O ; I : ; . i b
i mging. It isalsetanfeata e ofaddiga @;%ggt Fenmaalp{@%'%sea r%af@ hqd to be

used for exanple_in opiical stores for ocating the tun I ncl udi ng

t he st ep_sloof %&%BF?%-_ thermal infrared enission, producing an image based
on the infrared gebosiayand delAelA dhecabfauidd thenflghast amunt

of infrared em ssion. Andther- step that can be Inc ed 1s adjusting
sensors in s®FporherPOpiE004#001883 28£40/ 2606 anPCHAISZGOI401 X382

Support StruGtIRer ReT udse et At il b AR e of ¢
eyegl asses. TRE therauga. 5An nayirayevetitegiognspeters e f otefridddapyya patch,
but sai djpat gh £an rrB?/ pkg)eSi E:irggggagiyt heuégg.ne![nbythr}%yi Qgsggnce, an '

optical store selling the eyeglasses can have a thermal

imaging system. The optician, technician and the 1like

take an infrared image picture or film the area, and in

real time localize the tunnel of the particular ﬁser. The

20 medial canthal pads or modified nose pads can then be
adjusted to fit the particular user based on the thermal
infrared imaging. The eyeglasses are fitted based on the

thermal image created. This will allow customized fitting

according to- the individual needs of the wuser. Any

25 thermography-based system can be used including some with )

. great visual impact and resolution as a tri-dimensional
color thermal wave imaging.

It is also a feature of the invention to provide a
method"to be used for example in optical stores for
30 locating the tunnel including the steps of measuring-
“thermal infréred emission, producing an image based on
the infrared emission, and detecting the area with the
highest amount of infra_red emission. Another- step that

can - be included ' is adjusting sensors in ' support
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external indicator for lining up said indicator wwth a permanent. anatom c

| andmark s medi al corner of the eye. Al though nedial 2xpntbAlZo0s
pi eces of é,%;%o %%(Jses can 10 have an external indicator fBfT/HPWEI/@Ia382
positioning, since opticians are used to fit eyegl asses according to the
anat ony of th&éWEEFUTehHe FRer Batch negihg etchodetanhighest bettferrédt for
eyegl asses thamiaBiéxternal indicator on the nedial canthal pieces or

modi fi ed nose pads of 15 eyegl asses. The-source of the signal is key for
the clinical usef?®%eSs 6fRifhéuppasiur etmmturdye imcdiuders thhemkdyannd

-uni versal indicgated) ofithes hgal thsstaty t .. The, signal .com ng
fromthe brain or, bra??] ar ea provisde? t%eg%o %gﬁgg)réfaﬁicgfwytgg]é‘f' dat a.

I n accor dafce {irginaritmtied camhdei mead, fohef irsnisyy emanttodf, buol sgidal
-paraneters w bhioe descilbed, . t sadi_ um,and_ot.her, el enents in
sweat is a ke;}? factor for s festl}ggﬁggg%rqf oﬁrgfrlr%‘mgteuné]fEl aPhl ¥4 EncPhilitary,
as wel | as he&KE$rTwdni imigryor2¥ cRorlimisigange $uyiabnihd bed tor( deeheased
amount of  sodine@N 4 83dk performance and.eyen death.

Hyponat r eni a gan occur “due {H%Qegl(%g%gaer\%atsg‘f:fhi Atake;. & NPT ring with
i ntense physi B¢ st Wltpoagh medidlt aepthali piages SMealyegalsbes canrsi der ed
as an 30 whtrafid traty bl opd.. The bl.ood vessels supplying the skin on
the head are branc nesgcggLFE!é %g% craaOrnéf%o%e;cﬁlestpeorﬁnfﬁ’\éﬁﬁ‘ t UF ' CThe
amount of chevdtd@iagabsirancesed ptosdit iayeghassueataceeringyf kemdyzose bl ood

vessels is {/%gg %@%I vg g;} t[\lg anmount qf chgm’,cal . Substances present 23
20/ 10/ 2006 560% 861595 “SeeT) 82334529 i0g nReEh B AR Bagcul at ur e.
For i nstance,bessdirumi tcdineenyeathofe®f traveasin f eLPeB00d; Vessebs iof t he head

changes in reé[h%tigg to the r%'tg?s of sweating.. The apparatus and nethods
of the present i nUertTon TSI p RIRGRS d8Et hmetiisdn dgeet oade ept

i nt oxi catlSon,eyleylapsewi ding al ert signal s-when the levels of sodiumin

The source of the signal is key for the clinical

usefulness of ther measurement. The brain is the key and

universal indicator of the health status of the body. The

signal coming from th‘e brain or brain area provides the

20 most clinically useful data. In accordance - with another
embodiment, the measurement of biological parameters will

be described. The amount of sodium and other elements in

sweat is a key factor for safety and performance of.

athletes and military, as well as health monitoring.

) 25 For instance hyponatremia (decreaszsed amount of
sodium) can lead to reduced performance and even death.
Hyponatremia can occur due to excess - water intake,
commonly occurring with intense physical activity and
military training. Sweat can be considered as an

30 ultrafiltrate of blood. The blood vessels supplying ‘the
skin on thg head are branches of the central nervous
system vasculature. The amount of chemical substances

- Present in the sweat coming from those blood vessels is

. indicative of the amount of chemical substances present




sweat reach a certain threshold for that particular wearer. The presence

of various chemnical elenments, gases, electrolytes and pH of swesaj;/ap0d dd®es -

surface of MOP804W0IH310 can be deternined by the use of seCT/EEdoesebsnt r odes
and suitable sensors integrated in the eyegl asses and ot her

support

structures noimt ethen .keeheall ovaddiltedren tlFer heagtancéacesodhese

el ectr odes,
reacting 15

The dif f er entciehepiscalin and1isubst anees taan difdsises t fy&uglﬂn?
per neabl e nmenbranes sensitizing suitable sensors. For exanple but not by

way of |initaARRTAU80 8P8ct Pk c&F sERorkresfitoe YRS netfdur e

f bly. m | ect ,
ARSI Plar 8947 ¢ HEbvBLPo0r VERESLEr facdibr hoRd

n be sensjtized hy several

skin.

ui tald e

various analyteensUChe@sh 9ldiCOBLriISiANE - S Jhiaease DX HaarIBASOMLy and the
i ont gphoresis nethod can be used to neasure electrolytes in

sweat al one ATIHIEBH) AT onS WRH Sri VRS | (hEi c5oesist eff BOSibBSs dhe

pi | ocar pi ne

support struGduda@s kkack5 Hf deheapPhes@itleshBY@N FOR, dHatl SpalsOcwinder st ood
that other articles such as watches, clothing, footwear and the |Iike can

be adapted t &'"57E&Eur REOREBRII i¥n Var iounphemcd siemenss el 2239%I yt es

present in
eval uatin

. hervous g&
_osmolarity,
vessel s as

swBaler rBOVWBNET and NG & Sedueed -elhlengﬁ@k el gvange fign,

30 netabolic state of an individua _outsi%e. the central
sto@fh PBoBEtasérRel PYi 8Bemayecalissuatehbmgel ¢etndsespldnd

SRRSO o g Bt 1 o

wel | as change in the ™24 WO

PCT/ US2003/ 0 E2B82Tr € oREENE a0 mayintedb snarndies hsach cas fdditdd! aot ithe gl ucose,

- lipids, hor
~enzynes, . el
i ke. Eyegl
concent r ki

20 -

mpRes. gases, nprkers, iplectious agents a“g‘;l%gzgasragggt

ectrol ytes such as sodi um potaSS|un1an3'ch
aggesoalertamiss hezah gear seanibezadlapyeddverad asugeetiing

i body,
t he

OBnghicSHPSIANGES.LD FHeRhe MSLOMLDI AU gkass SkeghLodes

skin. The different chemicals and substances can diffuse
through suitable permeable membranes sensitizing sﬁitable
sensors.

For example but not by way of limitation,
electrochemical sensors can be used to measure various
analytes such as glucose using .a glucose oxidase sensor

and the pilocarpine iontophoresis method can be used to

- measure electrolytes in sweat alone or in conjunction

25

30

with microfluidics system. Besides the support structures
-0of the present invention, " it is .also understood that
other articles such as watches, clothing, footwear and
the like can be adapted . to ‘measure concentration of
substancesg such as _electrolytes present in sweat, however
there is reduced clinical _' relevance for evaluating
metabolic state of an individual outside the central
.nervous system. -

Body abnormalities may cause a change in the BpH,

osmolarity, and temperature of the sweat derived from

brain and neck blood vessels as. well as change in the.

24
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nmounted in the end portion of the tenple of eyeglasses sitting behind the
ear or alternatively mounted on the lens rimagainst the forehegg/¢ V23%6
used to de é%?mf@’a%Valent cations such as calcium as wWeCT/Uax0s/ Bmm1an
potassiumion and pH. Chloride-ion detectors can be used to detect the
salt concentr acngentnat ftn ofeaibatdntde ssdl facaciatiide SKigluchBay agents
i ncl udi ng bi ol rfare agents and 15 HIV virus are present In sweat

and coul d be d qgect@'éd W “Crhe SH8FT as B G- SsuppBf 8CStUsct @PERBR: t he head

or face usingnsépenss amabedyW &hzpndd badies ragpt At siddie sageslisuhi ch can
Create a photocFenlcaI earance of colorimetric reaction

ion, Wi th app
and/ or pot ent far gt ¥t chll? réﬁﬁseaﬂg thenaile iBYemdresge apdtemperature

that can bé debacyesdr afuh tHaaNEFEEAd tho n@aBRPE L Hd NEbrededt i-9P: O of €pOrted
lI'ocal ly by audlg or V|sual means. El ectrocatal ytic antibodies al 30 can
generate an | FU8FE¥tT9%al si GHEHE whehigrririainsusm Mhdsfen=ancrbedss J 25

interaction. hbuhtedl 50 thdeengogdrthat GkheheakbhsleSorSUGH §§s¥@§ches
clothing, footwear, and the like or any article capturing SWeat . ean
adapted to i dBhtTIRF LfRtierdie #aY bedy aliprBetivviy agemtgd m kiehss

(cancer, hearéns g&aatlaigalﬁatattqlé CrodEHgsa ad the hb%& é&?or dance
with the E‘L | nventi on. However, identification those errent S away .
fromthe tent h‘ra T VRGIOBG S PR | 85 oFaleiRedRT| Vol bats rmcbwncamd The

di fferent anopodassahun iBhdagACHENT G AL i 4L SHea &8 tified
and the concentration of 35 20/ 10/ 2006 V\%\@Ogﬂ%g{{%&e %0%3/012382
substances cal9 bfateer atkor drhy ronchrtaamion bf fhei gweat sweattheThe

rieliat i onshi p hataseencthe,cqagentration of chenical substances and
mol ecul es in the bl ood and the arount of said chenical substances in the

sweat can be 5 deé’éflybé_ﬂem harriddalal yimidgprayr eantkd ragentenpuider . The
present Uﬁve@ﬁhoQi§h§Oaféuﬁfgggate¥ﬁgggé§§Saﬁﬁ could be detected with

the eyeglasses or support structure on the head or face
using sensors coated with antibodies against the agent
which can create a photochemical reaction with appearance
of colorimetric reaction and/or potential shift with
20 subsequent change in voltage or temperature that can be
detected and transmitted to a monitoring station or
reported - ‘locally by audio or .visual ‘means.

Electrocatalytic. antibodies alsc .can generate  an

) ' eleqtrical signal when there is an ‘antigen-antibody
3,) ' | 25 interaction. It is also understood that other articles
such as watches,-clothing,'footwear, and the like or any

article capturing sweat can be adapted to ‘identify

‘antigens, antibody, infectious agents, markers (cancer,!

_ heart, genetic, metabolic, drugs, and the 1like} in-

30 accordance with  the present invention. However,
identification of those elements away from the central

nervous system is of reduced clinical relevance.

The - dlfferent amounts of fluid encountered in sweat

. can  be easily quantlfled and - the concentratlon - of

25




support structures in which a radio frequency transensor capabl e of
measuring the negative resistance of nerve fibers is mounted ipghpo/2006
eyegl assesWer2084¥3&Bt structure. 10 By neasuring the el eeCrUSHN3MNR382St ance,
the effects of - m croorgani sns, drugs, and poi sons can be detected. The
system al so cempstaeseyedlibgsesd i Acodridiiga toMtBé Offidirat Wie fluid in

radi ati on-senssi tgt\:/e thansensor. i S rmun%ed in said eélggl asses  or support
structure. 15°fRa%brai¥ hAS A TTHEN WasbEF4TTH e B26d FEREFRFL STt ©F 15% of

the resting cahdhbealousyhitaaitdsdusd andiRvabsence cif BBdod hend uepgl offers
an area for ogti mal s'#gnal, acquj sition for eval uating henmpbdynam cs. '
Accordingly, “PRENgeCt nSEhe TPERLSH ySOPHNES din U 3t @RF fPBm a 20
change in Sanpesgribedamdthedit NG 1QYaEha PrédOntasSial a SBsURG- i n the

eyegl asses or suppqrt structure and the Jnvention can be adapted to .
measure bl ood presEtfy PEHFI0 THIRAIPE | At UnLBAFEHRS aRUSTHRASS5U0S :
moni toring of spmmd pressyhees N{OUGHi @R 4 Ntasio Waldquehcy Ri-padeNgssel from

} 25 the brain d to_eval uate henpdynam cs and hydrodynami cs. -/ Al so,

by provi di ng ‘éa%‘%’ﬁteac?f n"ERSPRIRR, ChFt TRt igresSiHisStaaRe b heRSTYRd USi ng

soni ¢ means. Priessune &a0nbesanpldird etg%gQaQb@Qdoflesﬁfp‘iJo&hfseugé emcro
cuff nmounted in the nedial canthal pads, or 30 alternatively %y t he

tenpl es of eyl BE_BE 1ngr cqur &1 ¥ iflado IRsidygIced Wrea efffatsstefuct ure,
and the pref aff&@orgnti SRl ntdilfgg,ea&t}?deM§%H§ﬂo§ee'&é@é’ct{e%-b'ﬂi)ed'

turbul ence is generated. The characteristic soun systole (contraction
of the heart)S¥{¢"di astl6Pe 2empoided 2006yedd@sE®E4/ 001373 which  a -

PCT/ US2003/ 0Jﬂzi%_&%mﬁaiéw@xg;ami%g-geﬁsb@ﬁ;é ) tgﬂrg&%o apiured Qyedhe ¢
m.crophone. A mcrophone integrated into the nedia cant hal pad can be
adapted to i denBRig eyrglwsmes gvusdsportPsg¢gwgterer ansducers such as a

capaci tiug pressugfie Spifansducer WL Jnteqral, el gghronles, for ,signal

15% of the resting cardiac output,and due to  the absence

of fat the tunnel offers an area for optimal signal
acquisition for evaluating hemodynamics. Accordingly,
bhange in the viscosity of blood can be evaluated from a
20 chandge in damping on a vibrating quartz micro-crystal
mounted in the eyeglasses or support structure and the
invention can be adapted to measure blood pressure and to
previde instantaneous and continuous monitoring of blood
pressure through an intact wall of a blood vessel from

25 the brain and to evaluate hemddynamics and hydrodynamics. iu)

Also, by providing a contact microphone, arterial
presgsure éan be measured uging sonic means.

Pressure can be applied to a blood vessel through a

micro cuff mounted—.in, the medial canthal pads, or

30 alternatively by the temples of eyeglasses. Pressure can

also be applied by a rigid structure, and the preferred

end point .is reached when sound related to blood

turbulenée is generated. The characteristic sound of

systole (contraction of the heart) and  diastole

26




processing and a m crophone can be incorporated in the sane silicon
structure and can be nounted in the nmedial canthal pad. Mtion29eMBEY2006
and/ or pre¥QWBH8EEBors can be nmounted in the medial capthakopaeiaio
measure pul se. 10 Reversi bl e nechani cal expansi on net hods, photonetric, or

el ectrochem calrelfeikaoitm angt ele! r 9d@st) CaBap be,dountag, i tgg eyggl asses
or support structures of _the present invention and used to tect acidity,

gases, anal yl"eEBRRSHM r afh o iCEABRPPR |iKEITERGGenitts dde almsdidb be

eval uat ed accerdthgl tgad tEadBENQld-5tREOREN t e Py N8 e ANAlYZed RY; .
_m cro- pol arograghl c sensors nounted in the eyegllasses or other Support
structure. A AFEPOM i dAFPEURPEF opRbFR ndtintad ¢apadid ispegipaesssrer ot her

support sBruekaieieast al seche agdaptedato detect ds from the 20 heart,
respiration, flow, vocal and the envsfi%onrrent, V\ﬁ?%?canfoﬁ:e S%Eg%a and

‘transnitted tB*E°T¥EHICe Bt veicrephansp oratedbdy ihoeaportdido andthe sual

means. The seBsmd SsiBf@®nadarled,a0daR8SELL0REd itor, the biological
“paraneters at the end of the t uﬁnel.a 25 Theggytenéﬁrégés)é;sl%rto? hré?éjsst}pport
structures caffZiid Bde Natdpantssnapreh apdéduceresshradsatsr=cagni zabl e

signal s and the secadis &0 UAiRg Ugethd P Jacelenand, J 1AGk i ndivi dual s,
parti cul aWy in mlitary operations. per manent nagne En®8rso be
mounted i t he ey&§Va5882180 andegbedital trackipegsasndescrinbatbahove. A

fixed frequeMatdheapsal tiger CAL ] in.th eyeg{ asses d used as
a tracki ng devi cg which utili Z%b%%gg?gﬂc??e mett%ggﬁi ygf%‘fﬁ %¥oting the
frequency rec@Veg fipuntedealn ftiheedybptgaenc yort rappbirtt 8 rienPassi NY

satellite, orepe?%,2Q010/ ; 004/ Q01373 PCI/ U82003/012382 via G obal
Posi ti oni ng Syst éms. I\gt ?Ig‘géle{:nl\é’\gdgaéle élrsg'%i cgﬁ’ IELRChea gt Het e A Smount i ng
an accel eromé@@lyte corcendyegliosseand ThRe USEkef @WRMAIHERS A% hIaski ng

means cans b use cati.n ki dnapped individual or for 5 rescue
operations int hefaﬁlhﬁ‘lt’?%r%/?c%rl fce evegtdtSiAgngGtgc properties or be

analyzed by micro-polarographic sensors mounted in the
eyeglasses or other support structure. A microminiature
microphone mounted in the eyeglasses or other support

| structure can also befadapted to detect sounds from the
20 heart, respiration, flow, vocal and the environment,

" .which can be sensed and transmitted to a remote receiver

or reported by local audic and visual means. The sensors

are adapted and positioned to monitor the biclogical

})) parameters at the end of the tunnel.

A 25 - The eyeglasses or othertsupport structures can also
have elements which produce and radiate recognizable
signals and this procedﬁre'could be used to locate and
track individuals, particularly in_militaryVOPeraﬁions. A
permanent magnet can also be mounted in the eyeglasses

30  and used for tracking as described above. A fixed
frequency transmitter can be mounted in the eyeglasses

. and used as a tracking device which utilizes a satellite
tracking system by noting the frequency received from the

fixed frequency transmitter to a passing satellite, or

27




normal | y unsuspecting articles. The use of integrated circuits and advances
occurring in transducer, power source, and signal processing teq Y006

al | ow for wanénmiIvsni at uri zation 10 of the conponents V\ptﬁ,hsﬂﬁgfngsa

several sensors to be nounted in one unit. The present invention provides

continuous aut9pBiednaPr BLE; { EORE! tgyngg;legam LSRG Vgﬁdzg&l%céﬁ%a@ﬁsﬂ for a

nurse. The present invention -can a spike in erature. Thus

proper di agno§f=‘§ ize nadeechrt t Ibe'ralpyunistrarted |arcc&1tan'm19y3fash1 onheTine is ,

critical for o dentddy ngpihe, temer Lke an gnismcausing the
i nfection. DeI ay I'n f%engﬂl %y?'lnstge ;g)t:sk%} gﬂgsggar %I ng% %k % me? fAd
i nfection canbtea@ﬂfulddiﬂrseloq‘:atm 28 ﬁatdneppedThmdmdnhﬁomﬁl ety and

automaticakly égﬁslnt t.emsrat e spi ke and preve
occurrence of  co 651:%%%?}[%1_#6”% &sen m%ght |56HCSI 8’eg&3??§stﬂ’éeuser
about over heamnrrgalduf Inyp@@mtmn'g taartalcllem 25 1. Pr oper hydr ation; 2

| ncr eased perforrrallglce 3. reas back control in

Yy,
treadmills and other exerC| se mad eﬁ’é% ?‘% Eé’é‘f}f’ﬁb‘ pr?)’b%r dPBEFDN and
30 per f or manceccvinriungl | ynnarqraa:rslaihetees, peﬂsfr usbi:bPe WOr KRS, sigR4l ege

T

students and the eneral c _unnecessarily die due to heatstrokes. Once
5 It

the brain redthes 4 cert | 26 eFpefartf e IPEVEF TSGR JHHGGUELZaR A nost

irreversi bl e oR8tMO 20080 3wROEA 02006t s PEELEIS20030E3382 th Os£SS
ensues. Because there are no specific synptons and after a certain point
there'is rapir%?uinﬁ(‘?geég °1% Ykai n tenperature, heatstroke has one of the
hi ghest 86@f atal Thy patesnt Thevem fors Q4ana dald cREEnDEEL ORGESndhes 5

epi SOde the bvz\%rlge Egrsp rraef\:%lr(c:et egoggéggﬂ'gy 3?. gg‘lllta | ltyhevm%ged for a

nurse. - The present invention -can identify a spike in

15 temperature. Thus, proper diagnoéis is made and therapy

started in a timely fashion. Time is .critical for

identifying the temperature spike and organism causing

‘the infection. Delay in identifying spiké and: starting

‘therapy for the infection can lead to demise of - the

20 - patient. The  invention timely and  automatically

identifies the temperature spike .and pfévénts the
occurrence of complications.

The present invention 'also alerts the user

about overheating or hypothermia to allow:

25 1. Proper hydration;
| 2. Increased-performanCe;‘
3. Increased safety; and _
4. Feed back control in treadmills and other

exercise machines for keeping proper hydration and

30 performance. _ -
Annﬁally many  athletes,  construction  workers,
college students and the genéral public unnecessafilyidie
‘due to heatstrokes.  Once the brain reaches a. certain

temperature level such as 40° C, an almost irreversible

28
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cooling is. delayed. Wthout nmeasuring core tenperature and having an
alert syster n the tenperature falls outside safe levels it 2

i npossi bl e%o%?%gﬂt hypert herm a and heat stroke. The mﬁgmm%%%{iZgnOG
10 provides neans for continuous nonitoring of tenperature wth alert
systens that @®ancpsevensudangeeoasséd ev&éﬁeterebelore@@aﬁ@i@néyﬁg%rwg
measures appl Lgd, Jd. needed t':l'he aBEar atus can be adapted to be used in an
unobt rusive RBANSF By at hi- St 881 nPPiRr {ReREr Kt sT t Becxafer aln 15
popul ation. Abkathertierperneact ohgatBridiee bady ase dependant n0Gnest

tenperature. H fenperature_can |l ead to enzymatic changes and protein
denat ur ati on %%h[l%ytﬁ%%sr‘atmee B SPEW ot viiPEe eRefRerefd ridect i ons.

Hydration fs efistefmndenrt worsbr ahd MeEaEULEL ARk | Qessiaeg.fiagiyivﬂmér?ads to
L,arisein brg(i)&iterrperature. M nimal fluctuations in the ody’'s
tenperature can adver 58 yaPYEdt HaFhertrameasuRing | fereasemperktwie i | | ness

and of |ife témdahening evenflerc .cHREAf Gy | the | S5SNI £l
at hl et es, m|itary personnel,. police officers,

spor tts . partjcipants, . _ (
firefighters,®tdr r%ﬁ%‘er ste¥edSt oryf wokker dmpeagiEes, toonstevestti on

wor kers and diyreirtheenessi anal s Heayer s serpdeans Lo, kno tly what is
their brajn tenperature. VWen the core terrperaturg ?lgses, %‘g%%%&%ld t hat

30 woul d Ot hd\i'eE°Fe "SR di5fe FWt iPHRUSLUBEREECT indisell Eempemaalreng Vi a

respiration aidhpeispir alyise@ms TREaPOAYn Whl Ly e g0 &g%é§£$%PﬁE5% glké as
tenperature noves out of the preferred narrow range. i's this bl ood
shifting that® JI%55%ECeI3nd praliscpmesisuaks pepbdindndd arddelier ae 29 WO

2004/ 001373 28ha04RRIE caRCHU 312382, in d .damage tq brain tissue
ifterferes with nornal c:'acogrtlei ti vg fegnczzct%l g%é . g%%?eﬁ?e aége%&stéugéﬁei ncrease
“heat  produci"®BRET n Hyuseteketx® f orilitlkayor devrkerspravwenthehyeaerher mi a and

deat h by 1Beapophi Pkfott hl etes drink 5 water. Because the ingest_i on of water

is done in a random ‘
_ All chemical reactions in the body are dependent on

temperature. High temperature can lead to enzymatic
changes and protein denaturation and low temperature can
slow down wvital chemical reactions. Hydration is
20 dependent on brain temperature and loss of fluid leads to -
a rise in brain temperature. Minimal fluctuations in the
body’s temperature can adversely.affect_performance and
increase risk of illness and of life threatening events.
: | . Therefore, it is essential - that athletes, sports
5n) | 25j‘pa;ticipants, military_ personnel,  police officers,
- firefighters, forest rangers, factory WOrkers, farmers, .
 construction  workers and other professionals have precise
means to know exactly what is their brain ﬁemperature.
When the core temﬁerature rises, the blood that
30  would otherwise be available for the muscles is used for:
.-cooling wvia respiration and perspiration. The body will
do this automatically as temperature moves out of the
preferred narrow range. It is this blood shifting that

ul;imately impairs physical performance and theimal

29




fashi on, many tines there is water intoxication which can |ead to death as

occurs to nany healthy people including marathon runners and mdg a0y 2006
per sonnel .Wﬁ)%ﬂfm"é?t@ess of water (overhydration) or | acRCHUSWas/@T2382 Y

(dehydration) can 10 lead to fatal events besides reducing perfornmance.

Therefore, it indscedselninagk tthatbidih vidsahs haverpessd seithNeaBsmhd know

exactly when and_how mJ%h to, drink. nonitoring brain tenperature with
1

B

the present inventFbre ﬁ?ﬁb]e?n-‘hyﬁ?%ﬁ/st?n AT D achrRyadCERat RFdtes and

15 mlitary wekbakooempr el sehycdien 2andeboay. mueh watier i pReeshe Tinely

i ngestion of EI ui ds according to the core tenperature allows gptim zation _
of car di ovasclVBFT ERHEA ofitandeavhi dihcdesF heHioks r aFRletscadiétkhere. is
a 20 del aysfroaténe gédmeef thogesdd i cRf ofl whdet0i ADEYHPLNOR rohgsai d fluid
by the body, the nethod of invention includes signaling the need for -
“ingestion at S25Rfbr M &IMERnpRFER e WakER ABTRBICRIER WREEBURRTf or t hat

del ay, and thesd ayei dedtie QNsRlcuel exhabsyi A8a1dMe JRIFer ahui 8325
t hreshol d can be adjusted according to each individual, the physitcal
Cactivity, and™@TRFhafieinerénpafaidt ttan RERFATSH - Sefhvapscesh ok

produced basegh iy dadwerrdeQd 168 by t 1B s Shidtes OlatRl-AE Zi NG £44 ness,
athletic (Performance, and safety. The upper tenperature’ Iimt of a 30
particul all atirat e §or ikt aisvER§SopPrAEieer foiYRINGe Peafobeaneentifi ed,

and the data Hage ARG G2t @ SQELUAE £a1 1oL AU f6s:8AIM 2L Nt e ﬁé’éé{% a

conpetition. For instance, the athlete can be infornmed on the need to .
drink cold f#ef0§ t B0 pkagentexpchthi when e ahew t supler &burdringvelBy 30 WO

2004/ 001373 20/-140/2906 &Qﬁ%@%ﬁé@éﬁ@%m Cphx\’aér;%g&?@i EL@%@&S f educed |
performance for said "athlete. aln tenperature | eve or “op e :
perfornmance Hugeer f ihedrahiohe amed heo guildevielde ehflor athietars atdrdet e

during coppetj,tis ngd..training, ert her,m a al 5 affects nental
per f or mance grlnl l?%??v&rltéibgg&e“a Bﬁgyd%fealy W8 hd thow Fnich” warlE €0
' ingest.

Timely ingestion of £luids according to the core
temperature allows ‘opﬁimization of cardiovascular
function and avoidance of heét strain. Because there is a

20 delay from the time of ingestion of fluid to absorption
of said fluid by the body, the method of invention
includes signaling the need for ingestion at a lower core
temperature-such as 38.5° C'ﬁo acﬁount for that delay, and .
thus avoid the ohset' of exhaustion. The temperature

25 threshoid can be adjusted according to each individual,

- the physical activity, and the ambient temperature.

In addition, software can be produced based on data

acqui:ed at the BTT site for optimizing fitness, athletic
performance, and'safety;'The upper temperature limit of a

30 particular athlete for maintaining optimal perfofmance
can be'idehtified, and the data used to create. software
to guide said athlete during a competition. For instahce;

the athlete can be informed on the need to drinklcold-

fluid to prevent reaching a certain tempefature level
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fromthe BTT can be produced to optim ze nental and physical performance
of firefig Jhn.an individual nmanner. People can have differgtio/2006
t hr eshol ds%ote;%(’%‘dalﬁﬁgteri'ous ef fects of hypertherm a and REi/§S2983/€12883 one 10
level for all users may |ead to underutilization of one's capabilities and
putting ot her ¥HHChy | QA€ ofidppbifieal per fordmmede. pdifkewhses efi@r Ckaed
endurance and gnitak. peLripr Ge I y.reduced hy hypotherm a and
the same settings can be appi |2e%aft§rngé\§v$ ien%%lfa?%?lé“ 5 R I&ﬁ’ﬁf”?ﬁﬁ%.

Det er m nat i onS9ERthEieth taenper atsede toonydda thmdeffaeti ofaaindakRyets can

.dl so be used {REi89dULBRGE: ; Lr gl Ni of _athletes, fitness training, and to
nonitor the efféc?s of%r.ajignlloglg. #ﬂie Y5t 2 et H%H,erﬁﬁ%lrm’af’ppa?%lg?ls of the
i nvention proffdestyeanstdbr penhancimme 28ndafettywans BRbedl Zongadid ness for

athletes and ghggr eati ona) orts participants. It is a feature of the
i nvention to provi ?Z‘ a net h%gn ?bc?r Fﬁgd'b?%gi %8 SRFHABI PSOedkerR} £l ui ds
i ncl udi ng t hePhygsbgal opentasuriceg bf aiffircEiPRESiIr €n QPO hiEDgidbe 25

| uid based _on.the signal

si gnal neasurgd d i ting an apount aqf
measur ed. Ochern%?%ps %I%%ﬁr?e ??l%rf ud ?1v§ucﬁlf S FHpor tRFRFHRISEs Us™g voi ce

reproducti on delstienishs mEaastd cof Nsyperetheamiwhahdbenes ager ¢ g drdak and how

mich to g§ink. ¢ redu core tenperature. It is understood 30 that the
AL aben nogrtild ZBRt OB of erffEmat ur e

nmet hod of the preseéen Fnvehtton n 1€8%bitRe™
associ at ed .wi ¢dpatgdsuiesrenrindof pusothidimdtRes¥eal: oridt 0o, i n-afgdance
with the princinles of t#a. i nvention. 31 20/10/2006 WO 2004/001373 -

PCT/ US2003/ 0% BAPFGr e dSYASE - t oFEFEEEEhendnZanes | ard adigntal because

their bodi es mperferatecenie heekeft)atlewdct® bYeiypothZfmidann,gdyhls do.
Children are %I SO nott as quick to adjust to changes i1n tenperatures. In
addi ti on, chi3dFen S HAVE% nofe? skPR saPPhied r ef et | Vo 0 termeraody si ze

whi ch  méans diheytiose. mperdalioatiBhaugh e¥aper abh - £h®, t R gen
and lactic acid levels can also be uéed for -endurance
training - of athletes, fitness training, and to nwnitor-
the effects of training. The system, method, and
apparatus of the invention provides means for enhéncing
20 safety and optimizing fitness for athletes | and
_regreational'sports participants. |
It is a feature of the invention to provide a method
for the precise and timely intake of fluids including thei
- steps of measuring brain temperature, . reporting .the
?M) 25 signal measured, aﬁd ingesting an amount of fluid bésed :
~on the signal,measﬁred. Other steps can be included such
~as reporting means using voice reproduction or visual
means'to instruct on what beverage to drink and how much
to drink to reduce core temperature. It is .uﬁderstood
30 that the method of the present invention can combine
 measurement of temperature associated with measurement of
sodium 'in sweat or blood, in accordance_-with the

-principles of the invention.
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skin. It is understood that different sizes, shapes, and designs of nedial
cant hal pads including children size can be used in the presentz g ny gt
Chi | dren e\WéLI0BEYAE7T310 equi pped Wi th sensors can have a BPOOESE03/0128H20
transmtter that will transmt the signal to a renote receiver and alert
parents about dangeniltrenen@er abyr ecdiRelee. Hhg ea@glm&eSas:aadbets

i ncor por at ed th a f  detectin stemto send a signal, if the_ eyegl asses
were 15 renovgacﬁ?s?ftli% BHpE ai’%??ast&é‘ﬁrel Eeﬁ’btr‘%aﬁfﬁ?'ﬁ n§ t8P¥hals in a

proper nanner siBy aynohduld4isds at cRM AT aMOtaDdo IAdE t2d | @RicPresSuse
sensi ng neans éan be incorporated in the end of the tenples to detect if .
the sungl ass887%Fe BRI MPREESn Martd RATABITHR - didPIH tive - 26Pp L E8%kir e -

signal . i nfli cakes @&ﬁ@mnw&faeaweﬂa@ive s prsemelyobitbeygensor can
-al so generate an identifiable signal. An adhesive, a doubl e-sided adhesive -

tape, or ot hePEABANERFYOr 1955 MRS HAtGY ShuoidBe SYSBAYFHLON HEXGRRdFR® cant hal

pads to assurgki®r erstabliedeeskbb@Ntn2b aifférésﬁd%%regodsm?é s!hgng _
eyegl asses can cone equi pped with sensors to detect anbient tenperature

and hunidty, 9G#iEF oPf oedidy prekhakl pads einrhgding M@femmwe any
aspect affectiflg Miealsc@0Rdi thoNSreddht! NEeHEESAT AR @gt eﬂ&&é@@r and

mlitary 30 settings, personnel may be requied to wear ctive
cl ot hi ng. 0 t%t?gﬁ’etdhe wirtdt ecEGRAOIE ot BRIng bP"é@enta hab@ﬁstkgr hzm@xj-‘ous

agents, the gardRiiscEpchaase Jihe r@éa%é?rh& m erstood

‘that the present invention can be cou rrents W|th 2 Just abl e
per meabi | i ty rS2iWer2Gow 0BUSBT3 Q@IQIQJQOBBOUPC@#USQM Ot2@peratmre

aut omat i cal | y; keqp t h%h%”@géif%e%t urc%(?n\‘atb N s @L@PO{A@& S.4ld); addition,

the present invention alert I ndi vi abou thernal “damage
(risk of wirMdtestiBgaspstcamaar )seatd tehesigmadh idr tHar epggbagskeorweaet i viti es.

Wen one fSS %temongdbeo‘?c(:hif V\@flcmte%pergggz?el gegsgxt_ aczj_lsurHot capturlng_
signals in a proper manner. By way of illustration, but
nct of limitation, pressuse sensing - means can Dbe
incorporated in . the. end of the temples to detect if the
sunglasses are being worn, and an abrupt drop in the

20  pressure signal. indicates glasses . were removed or
' misplacement of the sensor can also generate an
identifiable signal. An adhesive, a double-sided adhesive

tape, or other means for increasing grip can be used in

the medial canthal pads to assure more stable position.

25 It is understood that the eyeglasses can come equipped {,)

with sensdrs to detect ambient temperature and humidty,
‘which allows for precisely alerting the wearer about. any
aspect affecting heat conditions. ﬁ
‘In :thé current ~industrial, nuclear and military
30 settings, personnel may be requied to wear protective

clothing. Although the-protective clothing.prevent harm .

by hzaradous agents, the garments increase -the rate of
heat storage. It is understood that the present invention

can be coupled with garments with adjustéble'permeability
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carfpi ng or being exposed to the sun, the radiant energy of the sun is

absor bed aﬂ&%t!? A sfornmed into thermal energy. The conbination ¢gloAh@/2006
di fferent 2915 Reat 10 transfer to the body | ead to RET/USO34HSIS2I N body

tenperature, which is reflected by the brain tenperature. Convection and
conducti on caﬁoalaéléomeewatldyankeercr ehsecbne hedyet&nper abirieid heorgh heat
transfer in theyahsence of sun light. The absorption of heat fromthe
environment 15 leads to a rise in the average kinetic energy of the

nol ecules with subsetfmerﬂddutnoneastehe n present enperaidics. albecd evgl s of
.core tenperat I t the i.sk _of thernal damagetothe ski n.

After certai nwli(glv‘h]%uag ggﬁg%t%t% tz’eéﬁa} N g I IHPEK OB f WEHESS | ng
protein 29 amed braatenig af coél bgeohi Brt arskinouthbsy cabrbeiGmared with

“.changes t hat en, fr g. After a certain anount_ of thernal
radiation is ‘gﬁ:‘i{:"}]ve\gn the g%g%ﬁ‘?lcge YREFQERT 3 r BRTS | 1R R cSEHH W anspar ent

to a hard anchmjtinge ozt bedhyr expdbé@rtbhenheggumhi tge I £2ENES &rdpgeertain

| evel of tenpesf ag:Hre the str ctural, chapge - becomes permanent " After a

certain IeveI I ncréase” e’efie atarBSERFTSH 4BRCexpEmRE, such as

a level of aemeig@el ghes doﬂlblﬁzt%@ebﬁl ghedldifesteh€. BeansUBs BALRI NQ),

t her mal d{ym ma ensue a d dye to the 30 disruption of proteins and
col | agen he%g" [ s¥an [ %Ofi?’sk lead WQ nePe £BFREAT%N.1MTh&OHKCr eased

brai n tenpenainpeeacary, elxmle& i thel sty E;OfthEhBE-QB‘l faliall-gRe  absor bed
by the body, and the duration of exposure of the tenperature l'evel tinmes
the level of TENperEARY §°aﬂu°ee°@oqam/aéeealev® POORI GOk P3se in

PCT/ 11S20031B:5288Rempekitaire’ tofohhs hisK Ofaddrernal, ‘i.%ﬁ%%se%é nkte

formation, and ski.n cancer. The present invention provides an al arm system
that can be58t ldgPto ZPer tabFﬁrPanthﬁehﬂ/henfierl $hej mviigondervoi d sun

exposurelbn aedes to B OV EHIERE’ ARSLR! iheRhc! TRy i ald on and

reduce the rlsk of dermat ol ogi c
ecules with subsequent Ancrease in core temperature.

The levels of core temperature is related to the
risk of thermal damage-to the skin. After certain levels.
of heat there is an increased risk of denaturing protein

20 and breaking of collégen in the ekin. This can be
compared - with changes that occur when frying an egg.
After e certain amount 6f thermal radiation is delivered
the egg white changes from fluidic and trahsparent to a

-hard and white structure. After the egg white reaches a
im) 25 certain level of temperature the. structural change
_becomes pexrmanent. After a certain level of increase ‘in
core temperature during sun exposure, such as a level of
37.7° Celslus to 37.9° Celsius at .rest {({e.qg.; 'sun
bathlng) thermal damage may ensue and' due te ‘the

30 disruption of protelns and collagen there is an increased
risk for wrinkle formation. The = increased brain
temperature correlates to the amount of thermal radiation
absorbed by the body, and the duration of exp05ure of the

-temperature level times the level . of temperature'is an
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changes, as can occur during outdoor activities or at the beach. In
addi tion, thermal damage to the. skin prevents the skin froma ebyoe

cool ing itW&IMo#WEB78an result in 10 increasing the risk efrydsdoysiriadskon
which further increases the tenperature. The present invention helps

preserve the haautatcand dreal ¢k of rRROPI&F exIRSRA 1L 0 BiwRgel, | IBtiARMe duri ng
outdoor activities while allowing full enjoynent of the sun and the
benefits of sGRTPFGIAR: BB IMEPESent i nvention, a method for timng sun

exposure includes frke p3lerat ok nfRAGIE N RAKs LEMREL]MULGst&EPERId Ng the
val ue neasured and avoiding sun exposure for a certain périod of tine

~ based on the Cf%y’é? Heastip elO 20°Fy pi heedd abime t¥Reubbels obdnkitd er in
outdoor’  agti ¥éi®Sunn escglss&!r@ RNk el QBeprﬁ!&% Wﬁﬂ&ra.!aﬁgoﬁﬂff&ﬁases
i

athletic performance and | eads to I njuries. Is very di ult to detect

hypot her m a betatheEmae raginpionsand credins dthel ywiskged slechabsloziss of
orientation 25,andCl HEBLILSS- M %ﬂhgatgﬂgaééf ﬁeﬂlﬁggs bEo eral

behavi or. Wthout” measuring core tenpe ure an an alert system
~when the tenpesartur dof @dditdgnsi dbesmil démagd stétthe phpospirdventiso prevent

hypotherm a dug. t;LNe, oy agye OBy T HASELAER! Lol an al ert an
- 30 individual about hypothernta during skiTng, scuba diving, m)urlft ain
cli mbi ng Hhd ¥idkieagindhe tpeeseritski nvemnt | dehydragvicties wieiaais t fuprteai sel y

_ i nform when i t er r hresh s are t,.either tqo.-high or too
| ow t enper at Elﬁ{egr@%%e?/\o%%m%l%? u§§, 18#'%0%65!9 | US26057°012 Pfhe
present i nverpiesareenthaubashyy nemnd tbesl ttheof hpeonple enpersaidute amd as soon

as a tenperature, spike or . fever .occurs it,.activat.es diagnastic ystens to\
detect the pl:i gén?}gﬁo U APE C OR5E8Ch g R 5V e s b%ﬁg’d“ﬁél% fu&ially in-

the BTT siteengpyhdet iof etisl gus ag@nile Genebetsiderndidf ilddhtn ot her parts of
the bpdyl%UCh aslépetgéoggesent-invention, a method for timing sun
exposure includes  the steps  of measuring body
temperature, reporting the value measured and avoiding
sun exposure for a certain period of tiﬁe based on the
level measured.
20 Hyppthermia is .the number one kijiller in outdoor
activities in the U.S. and Europe. Hypéthermia also
decreases athletic performance and leads to injuries. It
is veiy difficult to detect hypothermia because the
symptoms are cdmpletely vague such as loss of orientation
25- and clumsiness which are'indistinguishable from general ‘v)
behavior. Without measuriné core - temperature and having
van alert system when the temperaturé falls outside safe
levels itiis impossible to prevent hypothermia due to the
_ fague symptoms. The present invention can alert an
30 individual about hypothermia during skiing, scuba diving,
mountain climbing and hiking. The present invention
provides means - to preciéely inform when cextain
. -temperature thresholds are met, either too high or too

low. temperature.
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stream or the eyelid pocket. The present ‘invention can be also coupled to

drug di sperRs ng. for the automated delivery of nedication9gnio/2006
,accordanceq’\?\??@"t Eeg:gi gnal 10 produced at the BTT site i REIU8I0A012382

transcut aneous means, iontophoresis or by injection using a punp. The
i nvention al so i ncfBBesPEEtB  fiavephihen y cortdmiongly Theomsitstrem tha det ect

spi ke and chang@sn icaupbasaled REIA! WenANgh | fepLhld IRTENL, O oYyl ati on
and 15 phases of the nenstrual cycle. This allows a wonman to p?an
pregnancy or &¢8PY PCSYRENSY. 2Fhivakds niirgmessttiive syeedméotoi deastve
devices used k@t NOAUIHIHNG 41 BEeLQ A tLELGL Rl Lpsem natign not only for
humans but al so ani nal s.e The inv%a%%ll%% céa%&;{/% ) dg_ ect A& gieargo%? 20
uterine coftraeErohE {PpakkaurBIT erifeandrakhewinfsat &rus bigehbsf edn ainé mal s.
Support structyegs; £4Ly P, egual ed.in,the BIT of animals., The present .
nvention al so includes AutomatlJe ar}Q% %Ifi r%gtee%ggﬁt ISBFhaSEOFE? ngLee ¢ he

val ue neasur efitafamher $theRyBTTd foekdtenteapueeent imentsien comtp®l s the

tenperature ipgythecs b starts to warmup, the signal from

the apparatus of the %%ﬁ??oﬁmﬁjt%%ﬁncsé y MCREE] \fgfe§hteh€u'é?‘?gtb%41di tioner

according to gabiyrmyr ofetmsdigstiand einatdaeirfanteactithatse headgnathen t he
ri,vers_to concentrate on the road

body 30 i Thi g0 allous
Ot hus 0o Faldlp AUARHAN B oM Yl B G G S e O N8 18

and t hus can reduce the r Oor ¢ar cra
articl es thateivpiicrest.sbodyby tiajpet dbmnesizan sbeuapntrol | ed by the present -

i nvention incl udg[n)qj vehi cl e. seatgé. Li kewj se, automated climte 35 ti
120/ 10/ 2006 WO 2004F00 1375 PEF) USIE63/ 61558F % orit r di°04t RoFe, LAWY, or any

donfined areslcommibg. ativ evedtdy ashi \@itickg tHeikderABSIARLNGES €Gh) y or via

Bl 'ueToot h t echnol.ogy. Besi des convenj ence and confort, this automation
Shnalogy, Jvenl.

al'l ows savi ng&rar gy HHEE UG 0&d GELTE MOMFAr! Pidoie iatipRe er nost at

| eads to Yreathaeeer gyf the menstrual cycle. This allows a woman to
,pflan pregnancy or avoid pregnancy. This eliminates the
need for invasive devices used for monitoring time for
artificial insemination not only for humans but also
animals. The invention can yet detect the start of
20 uterine contractions (parturition}_'énd allow a safer
birth for animals. Support structures can be equally
used in the BTT of animals. |
The present invention .alsc includes Automated
N Climate control according to the value measured ét the
ﬂh)_ 25 BTT. The temperature .of the user controls the temperature
in the car. When the body starts to warm up, the signal
from the apparatus of. the invention automatically
activates the air conditioner according +to the user
zettingg, altefnatively it activates heat when the body'
30 is cold. This automation allows drivers to concentrate on
the road and thus can reducerthe‘risk for car crashes. It
is understood that other articlés that can affect Bbdy
temperature can be controlled by the present invention

including vehicle seats. Likewise, automated climate
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expenditure. It is understood that any body terrperature measuring system

can provide automated climate control or adjust tenperature of 11 g/ i
accor dance i ¥49Hé&3pr i nci pl es 10 of the present invent Pﬁwvsmgp}ri!ésgé%?(’@
i nvention yet includes nethods for reducing weight. It includes nonitoring
of tenperat ur eondupilngtpr dgmans Woak , webghtartyeduehf dedasedaondmcbeasi ng

. The stemalerts. 15 athletes on a weight

body heat to r e_sai.d wei ght .

| 0si ng prograr%% ggg?évgﬁ ailcn%ﬁ’ 8P HEat BV St e TS LYTHE sydfem can

moni tor tenpeBauaTeotlof teebpbBodyn SBEbdesS!t eadRvEADEEce SRA8 ashrhke,l i ke as
part of wei ghgl Egdgchioont ro%ﬁﬁms in order to prevent injuries and enhance _
results. 20 Y&PSnePRgEREIH g e SHENDY y =R %e??‘b’rensﬁﬁ%s Fherges B
preser vi ng5heahtthabyy prhout diing tie atHafisedts MESOAN| 66N GRe&ONLRkgaNbI ent
tenperature and_s ng body tenperature based on the brain -

ur roundi
t enper at ur e n%’égﬁ?éjdtuliﬁf the present invention. Hunan bei ngs spent about

one 25 third of thetridinersteapidithe MMy vagN@espt bl meb8IPERAGE Ur €
occur during sleep. Al of the nmetabolismand enzymatic reactions in the

body are depef¥Bnt™ ofi*Rd&gautee PRYRT A t ehPBRER uFRItHe @¥legdarat control
of anbient tespasaitie Wi shc i@iahes heorasdse ofidpdnd %ﬁﬁ&%ﬂgé@ 30 such

as during (il eepi ng have a key effect on netabolism Adequate anpient
tenper at ubt aftl S REESEPhg tEMSéPRt ure  of obj ects which matches body

tenperature all owm@t @ak¥end OTi:RRAAREBAt OysleePpn DRI . rRUL-AL S04 0 achieve
inproved efficiency of enzymatic reactions which leads to 1nproved 36 WO

2004/ 001373 X7 39S0 6w e BT USZ005ncidsy  went bdridd | ¢f y tanderaproyed
i mmune respongg-i: j o] j bl t ] hats, .\
iy \@idg@his Ofor qﬁaigpﬁcﬁ%cg%n HABEE! 8n GhotOL 0 nal Ly dis

mattress, pillows,. or "any article e body or in Vi
the body can ¥8Yad&geed ¢t aetvaat iwdld y weightr eaBee ormydtemeaskettenper at ur e

of Saird aisti @8 etes on a weight losing program to prevent injury or
death by overheating. ‘I'he system can monitor temperature
of people in sauna, steam rooms, spas and the like as
part of weight reduction programs in order to prevent
injuries and enhance results.

20 Yet, methods to enhancé memory and performance
besides preserving health by providing an automated
mechanism to control ambient temperature and surrounding
body  temperature based on the brain temperature measured

by the present invention. Human beings spent about one

25 third of their_ lives sieeping’. ‘Many changes in body )
tetﬁperature occur during sleep. All of the metabolism é.nd
enzymatic reactions in the body are dependeht on adequate
"level of temperature. The adequate control of ambient
temperature which matches the needé of body temperature‘

30.7 such as dﬁring- sleeping' have a key effect on metabolism.

Adequate ambient temperature and surrounding temperature

‘_of objects which matches body temperature allow not only
for people to sleep better, but also to achieve improved

efficiency of enzymatic reactions which leads to improved
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according to the tenperature signal fromthe present i nvention. The body .
natural |y cones cool er during the night and many people have s 93906
sl eep and e Pruoust y 10 in bed because of that tkﬂmﬁﬁmﬂmlesaz??ect.
Since the tossing and turning occurs as involuntary novenents and the
person i s not Ré, akbiidvpendoampusned hange rehponst i muldardeeh as for
i nstance i ncr eRshAgs M At enper gt r increasing tenperature of an
el ectric blanket. The 15 present %{11]\%%% 1oncr1§l1t Onat | c%arqr% cETGEEST he

anbi ent * t enp@ialaye oPrt émper atuielof tanthihes the Maidh bhe id egper at ur e
eful for infants, elderly,

_needs of the peLsPN.y THES ¢ icularl u

di abetics, neuro- diysordertg% pﬁ%%ft Capse%esefé%%eda var it BE L 68 hi¥

condi ti ons? siREEeaxE t s pigudestsicon thaperaduced BEUr ggedi CarFesppase to
.Changes in bogy.tgim, r and_sai d popul ation cqould suffer nore during
t he ni ght, hayec% ncr a?é% %’hs?k o?mp%roan%ljioeca??%‘?ﬁg bggP‘aesth(fecPE%%%‘bF
productivity #meentgosl.eep deprivation. 25 The invention also provides

means and net hods u Wi bio feedback activities. A brain
temperature si gnah%f %(;%rcri?’t E%qénéﬁig}( ECPHRS BFIOLTT W iducdE arigidedback

signal as an andlinenyopeople iswnreditdpbay s1&86i 4at itignt eBREIALMH AN a
series of;4ongs BLgC | ors 30 ifdegl'glify if the brain tenperature is
a

<Saues Pod) BPeERE s PRESEF ondinFPediency and

i ncreasing (faster requencﬁ>

bl'ue). The ditspisipgmeands toanihg eesnest ad. RvBL 80 ddiemeSRPYs
the sensor at the BTT site. 37 WO 2001/001373 20/ 10/ 2006

structure hol in%3 ,
PCT/ uszoos/ofg?s HERG 5ol HEEE nR2ih RRISHBr Hamnote@hergeutae

Athl etes, mldtianyi buewfaghteF SinstCONS rutdean: NOT K655 AL are at
risk of heatstroke despite pouring cold 1wat er (l)iél\gt heir head%%l%t%gi ng a
fan. 5 Medi calfl y-APERAAG tHEIPeratiraamder us c3eetnts ohlpakatse Thehe cool

feeling dénsedesont heineattiion | RLRLRLEEESI RS changes the ambient
temperature or temperature of articles to match thé

temperature needs of the person. This is particularly

useful for infants, elderly, diabetics, neuro- disorders,

heart disease, and a variety of other conditions, since

20 this pqpulation has reduced neurogenic response to

changes in body temperature, and said pepulation could

“suffer more . during the night, have increased risk of

complications besides decreased productivity due. to sleep

deprivation.
*M) 25 The invention also provides means and methods to be
used with bio feedback activities. A brain temperature

signal from the sensor at the BTT site produces. a
feedback signal as an audio tone or visual display
indicating temperature and a series ok tones or colors
. 30 identify if the brain temperature is increasing (faster
rfrequency and red)l or - decreasing ({lower frequgncy. and
blue) . The'display means caﬁ be coﬂnécted_by wires to the

support structure holding the sensor. at the BTT site.
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i nternal
the brain remains at risk of thermal induced damage and heat st rgke; o@otads -

nedi cal ch¥Q8H¥I380 related to tenpe
time. The brain has a slower recovery response to tenperature changes than

cooling and the physical activity is maintained, when in reality

core tenperature (internaIHea@npemaumﬁg meReyr edndth r eehtg: bhaddgr,
esophagus,

i ndi cate sta

hypot herm a

cer ebr al
moni t or i ng bM@cﬁIba]IlWe&khlﬁ@ 8BaPr o¥i dedaiyetdiss péﬁﬁ;%@"mh“!)%@&h@@ The

pr esent

tis

nve tion u

i ncor por at ed ‘?1 §88%0FFE i’?%c?ﬁ?%%dféfl dheeigath JaS ph%?ﬁpwq}’lt%nel f or
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remains outside safe levels, with risk of induced damage

to

cerebral -tissue, either due to hypothermia or

“hyperthermia. The only medically acceptable way to

prevent cerebral tissue damage due to temperature

disturbances is by continuous monitoring brain

temperature as provided by the present invention.

The present invention utilizes a plurality of active

Or passive sensors incorporated in support structures for

accessing a physiologic tunnel for'measuring biological

parameters. The present invention preferably includes a11

functlons in a miniature semiconductor chip, which as an-

1nt¢grated circuit, incorporates sensor, processing and

transmitting units and control circuits.

The present invention includes means for collecting

-thermal radiation from a BTT site, means for positioning

temperature - sensitive devices . to receive thermal

radiation from the BTT site and means for converting séid

thermal radiation into. the brain temperature. The present

invention also provides methods for determining brain
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in a stable position at- the BTT site. It is also an object of the present

i nvention Sab, ide support structures adapted to position a

on the end o Zﬂgl@éfﬁgel on the skin to neasure biol ogi cal PCBH?@%%%Q/F@%
an object of the present invention to provide apparatus and nmethods to
measure brai.n t(eE‘Bg’éa}t"t’ié‘?rrp@i“é]ﬁ urseidi neekiidsy pactiding aghesistepsstof ps,

el astic meanscothe@Sinkp amd tBEebhiP GANLRLBLNISGRSAR PRSti ghed on a
physiologic tunnel. It is an object of the present invention to provide -
nul ti purpose BYBGFAEEES etigigdedonrenpapding tarttealthrauel evhsaian ng
.sensors posit cgnes-1Qy,a Q;})éggbgg@]g#c %ﬁ@ne&i Qn 20 4measuring. bi olhoegl cal
parameters It is another object Of the present inventioh to provide new
met hods and app@peraidireod epelsufhaginvedtsast alsoe inklbdas nméenpenat ur e,
.chemi cal func{i ' 0t | 25 1t i et _ap object of the
i nvention to pr%%g%oggﬁro tahsp%gggi%ﬁhgono Jtis }fé\ptegégﬁﬁecﬂ?rfsﬁren. | t
al so an obj ectof teelenpesitiiom ¢ phevBTR siappar at'us that report the

si gnal produced ats.t t 1_..b east qne of w red, connection to
reporting neans, 30 vh\fsre{alggsl‘g Pa)rés?%gggi (;%% ttg]er ot Hg- *HERE8nd A ocal
reporting by Ririigle \Huppaktolstiractutes nedmstesuaio asodition b addrser

i ncor por ajgd i rd gtructures. 39 WO 2004/001373 [ /. . ,
PCT/ UB20053010138 1265 65 & :E]télg'i“%f vt WiotHer &) 86pssret hiclnsisait
invention. to Pyregetdesapparatus that allow the wearer to avoid dehydration

or overhydration .er _intoxicati It is a further, object of the present
invention to 5 prﬂéﬁgea" ?ﬁ%%%t a?ﬁn%tfpé?rﬁs&yt ARV SR+ Uhst AtAA%tE€ and

$ports parti cippamasus candioierasdst bei hepiforsrange (abde) Seémiatathkei S yet an

obj ect of th%n%&ﬁéfﬁ% ﬁa\gagg,ogdggsives strips, elastic means, clips

is

15 and the 1like containing sensors positioned  on a
physiologic tunnel. - |

It is an object of the present‘invention to provide
multipurpose eyeglasses equipped with medial canthal pads
-containing sensors positioned on a physioleogic tunnel for

20 meaéuring biological parameters |
It is another object of the present invention to
provide new methods and apparatus for measuring at least
oné of brain temperature, chemical function and physical

7 function.

Q;)_ | 25 - It is yet an object of the invention to provide

apparatus that fit on both adults and children.

It is also an object of the invention to proﬁide
apparatus that report the signal produced at the tunnel
by at least one of wired connection to reporting means,-

30 wireless transmission to reporting. means and local

" .. reporting by audio, visual or tactile means such as by

vibratiqn.incorporated in support structures.
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provi de support structure positioned sensors on a tunnel 10 which can be
worn at | egst of athletes during practice and conpetitio ’Opéigi o]y
during trar |2r9§y/(gﬁ%% conbat, workers during |abor and thBCBQﬁ@ﬂ%Iﬂ (i c o6
during regular activities. (j It is another object of the present
invention tao 15 i nkY e ¢efafaeghandokimdtoot ithevehesérms yweptdvhdiamg
autonat ed cli pate; sont L90..and vehicle coptrol hased on the core
t enperature oF@t he oc‘cu%%aants o ?ﬁgkveﬁﬁg{“& P%‘ei swaeﬁlrgﬁj _ec? of VPH present
i nvention to Beaxdussiomephodsedndirappanal wst drhantasticaniansecond devi ce
based 20 on the lgvel, 0 1.0l ggi cal paraneter nmeasyred. Jt i s another
obj ect of the inventi on étohq%trlgévriodoe r‘raéc:t%h(()3 stg‘refd pzfﬁﬁgflgt dEVEB IS ve skin
heal th, reduprovidsk méthadesnkdmds apphraiscecldte alséwof askisrezanger by

preventing su g . | radi,ation and.l . 25 alerting the wearer -
when t he terrp%?%fct?ra esﬁgglé%giﬂ%d C CEFEETRC L §‘ﬁo|8§’:”‘§cfrt“‘ﬁ cal & an ‘
- object of thesafmrgntion to provide nethods and apparatus for achieving
controlled weight. Iolsss bgged on_heat - based. wei.ght |1 oss _approach. 30 It is

al so an obj ect of ‘the i nveht iBh T FitovPe et nd B afusd 0 al ert
athl etes i n gpmeiight supbpsrugsprogia® hasedi oned NSERASTHN o0y darmer at ur e

to preve@t i '.u%y or dgath b\é overlg%ati ng, 40 WO 2004/001373_20/10/2006 -

PCTI US2003/ 012382 158 s°%I ¥6%8n %bj BAS oYX heRfnidnt RBRLYES f8inge net hods

and appar at upraeatcal laad nesigedriicagnf evenitapd Rirke: rdi@HREr alre. It is
al so an obj ect mgf the invention to provide S_neans for famly planning by

detecting ti e ofCovul @Y. PFITE d3PGKt hehd odiitset gemetad imwkdici on to
provi de met hausiagdr-eppaiatbusiloridde delivery of nmedications in {3

accordance with the signal produced at the tunnel. It is yet an object of
the invention to H, ovedeénether object of the present invention to
IS5  increase safety and comfort in vehicles by providing
automated climate control and vehicle seat contrel based
on the core temperature of the occupants of the vehicle.
It is an object of the present invention to provide
methods and apparatus that act on a second device based
20 on the level of the biological parameter measured.
o It is another object of the invention to
provide methods and apparatus to preserve skin health,
reduce risk of wrinkles and reduce the risk of skin

cancer by preventing sun damage by thermal radiation and

25 ‘alerting the. wearer when the - temperature has reached )

certain thresholds.

It is also an .object' of the invention to
provide methods and apparatus for achieving controlled
weight- lo_ss based on heat-based weight loss approach.

30 It is also an object of the invention to provide

- methods and apparatus - to alert athletes in a weight

losing program based on increasing body temperature to

prevent injury or death by overheating.
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10 met hods and appar atus that enhance occupational safety by continually
moni t or i NGy j.cal paraneters. It is also an object of the i e poRd@®s
provi de an“@ﬁgir}ﬁlgﬁe of manufacture with a sensing appafGiUg003438+42i oned
on a tunnel for nonitoring biological 15 paraneters that can be fitted or -
mounted in at | east onett of-St helda afB ofbegely| afseshet hiaviens éopadso of

eyegl asses,  bRevsas UrddHRs0hnd éﬁ?ﬂrar&‘énttﬁth?fi SNk gLl ng.  Jhe
invention also.features transmtting the signa T omthe 3 port structure
to act on at PBAsTPURS 6f tewpesedmueese equi pnent, bikes, sports gear,

protective clothing, ;foghugar, ang . nedi vices, Jt i et_an. pbj ect” of
t he invent%on to provilde lsupggr{b% t@?gc%?r e%?? hg’tw?r%té"r%]m'sttcyt%’éovsli al
produced at PPR1Y iftfelfamdly rekedmii by sbande tidiemgex tnei ot ovatht bes. f or 25

keepi ng proper hydrat | on, apd venti t rat.ure . disturbances, of the -
user. It is yet another obj ect?{e%f %t% gglgn\cl)gmgli n PP ER o RPESE us and
met hods for it madispbeyated foarthretdrisiveyyaotessinea b Ry Siol ogic
tunnel using acdtdNEnc20,9f Si vices. The ipvention. yet features .
transni ssion of the Si gna n’?irseolr#gﬂ%fséjrpop%? < sFFug?%rté’émF&'wat ches, pagers,
cel | phones, conpdterss aat tame dhbjleet 4df 20h&0/i20@6tiMD 20042004323

cts_of the invention, as well as

PCT/ US200g 014382 4Lh t.h bj
W 5 %ﬁgva algae%les'[ ﬁg?lég??hw(’fﬁl’ VELERE AHe S3tELY PY appar ent

many of the intended a
when ref er encenitg niraddy twortiterfing | miv Ingyi cd@s paigtétard.aken i n conj unction
with the accorrpanx'*:ngs 51g|£avw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
IAis a thermal .iAfrared T T e Mufdf  PUERCEbviih PrONddBr afn
tienperature watrele 10fF| GradiFfsctugeCONHIET geneyeieedgt hapmalatpbr ar ed
col or inmage %f &Qe hucrimn face show ng the brain _
, ositYone on a tunne for monitoring biclogical '
15 parameters that can be fitted or mounted in at least one
of the frame of eyeglasses, the nose pads of eyeglasses,
the structure of a head mounted gear and clothing.
"~ The j.nvention also features transmitting the signal
from the support structure to act on at least one of
20 exerci_se ‘equipment, bikes, s'ports © gear, 'protective'
clothing, footwear and medical devices. ' '
'It is yet an object of the inventien to provide
support structures that transmit the signal produced at
the tunnel to treadmills and other exercise machines for
\) 25 keeping proper hydration and preventing temperature
disturbances of the user.
It is yet another object of the invention to provide
- apparatus - and methods for monitoring bioclogical
parameters by accessing a physiologic tunnel uging active
30 or passive devices.
' The invention yet features transmission of the
signal from the support structures to watéhes, pagers,

cell phones, computers, and the like..
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tenperature tunnel. FIG 2A is a schematic di agram show ng a physi ol ogi c
tunnel. 15 FIG 2B is a cross-sectional schematic diagramof tiphupgemoos
head showi W& %% 37dnel - FIG 2C is a coronal section schEHE$I0es/@i2a8gr am
showi ng the cavernous sinus of FIG 2B. FIG 3Ais a thermal infrared inmage
of the human 20 fEessshodi aghehehisotel ofFkBe 3Bvérstimnschematlt asagram of
the inmage in e tr the end .qf ,the tunnel. FIG
4A is a thermﬁ]g%’ ??giﬁ%gg%é%fa‘g’ﬁ%% % %BFI?%e Fi"'ulrrlgnbfe 88 sHghT ng a
general view eﬁatﬂiﬂef renpRrelb ehen yrq:]fnrﬁnc@f JI&hGlahil‘ealtb tarpeEsal oweng unnel .

FIG 4Bis a g di mofte| n 4A. FIG SA is a
thermal infrar ed egj‘%noft eg ffont ot O%u‘f’lrhrrflf'é%% ?ﬁ&ﬂ“ﬁ@%’ﬁé‘? mai n

entry. poi nt oﬁrétWﬁeﬂgﬁal n 30 tenmperature tunnel. FIG 5B is a schematic
~diagramof the image in FIG 5A 42 6 0 W) 2004/001373 - PCT/US2003 01 38 -
QO 20 FIG SCis a thermal infrared i mage of the side of the human face

in FIG SA SWETQDEISGRMIDMWWH&@MWD&GS t he brai n tenperature tunnel.

FI G 5D|sascherl’gp[k |ewo H 5FIG 6is a
schematic view of ‘t Shdw-A§* T 1§‘§HEFS éF“%%eont Hdemefimadht r y

poi nt of the ﬁaumelhoaﬁldg mern:aaeﬁaier@adﬁa&uﬂa Gunf# ]S a schematic di agram
show ng ttae br ai Eerrp rafure tunnel and the netabolic tunnel. 10 FIGS. 7A
and 7B ar€ therma r et | AudEEPOr S heISHHRET Y e e or ¥ ERFef ter col d

chal | enge. FIﬁorBAl&ﬂdeBBoﬁr ethder fghan nf raced sRBEeY OfcHehe brain

temperature tunnel.

FIG. 2A is a schematic diagram showing a physioclogic {:)
tunnel . |
15 FIG. 2B is a cross-sectional schematic diagram of

the human head showing the tunnel.

FIG. 2C is a coronal section schematic diagram
showing the cavernous sinus of FIG. 2B.

FIG. 34 is a thermal infrared image of the human

20 face showing the tunnel.
_ FIG. 3B is a schematic diagram of the image in FIG.
3A showing the geometry at the end of the tunnel.
FIG. 4A is a thérmal infrared iﬁage of the eide

of the human face showing a Qeneral view of the main

25 entry point of the brain temperature tunnel. o ' ie>

FIG. 4B is a schematic diagram of the image in FIG.
4A. |
FIG. 5A is a thermal infrared image of the front of
the human face showing the main entry point of the brain
30 temperature tunnel.
FIG. 5B is a schematic diagram of the image in FIG.
SA. -
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(, ) human face of different subjects showing the tunnel. FIGS. 9A and 9B
are therma| infrared i mages of 15 animals showi ng a tunnel. Fl @yADo¥r2006
per spect m‘é’%ﬂgwﬁama preferred enbodi nent showi ng a pePGUBSHEHNILZIYY a
support structure " conprised of a patch with a passive sensor positioned on
the skin at the entf®f fthea inndiermmlacodrdaadeimidd dheth0spdesemt

invention. Fl@neld ds, &.Re" spepid ve. vi ew of anot her. preferred. enbodi nent
showi ng a person Weaa?f} ngeg gﬁpg%(%tegs r%‘c?’f"ﬁ?% Ql&%rﬂﬁ’ﬁ“?@&%@’ BOpst H with a
passi ve sensothpowiaimotedperajuteheuskied. at the end of the tunnel in

2A is a front

.accordance with t | c25. present invention. FIG | ‘ _
perspective view ??Ga ps)érls%na S\Acfélaeﬂaﬁbca"%%&ﬁ:lthgt%rﬁﬁﬁ%rlé‘- &Sffpr FSed of a
patch withSan actAlGe Serisom pasicmaenedvoawtBe 6ké Nfabe t fRowiiy Qfhdd he

stunnel in acc e wth th resent invention. 30 FIG 12B is a side
gea £ e

schematic vie i Ng £he i dRtTYe BEPEhOEs Ugportnialudngr e shown

in FIG 12A p¢ti@hei8lipartsschemati c bl ock di agram of one preferred

enbodi nent. 43 20/ 10/ 299(__16 %\? 2004/ 001373 PCT/ US2003/012382 FIG 14 is a
schematic di agram of one pr&fert®d? efitouidem DF2ITR" i FEeHERSN th6t eracting -

with devi ces lardn aetpetararefl tomavi agidinde hbESolA th@inl?B are schematic

Vi ews shom' ng 5 BEgger?ed e(grbodi ments_of the invention using indicators.
FIGS. 16A to 16C &r Apdi VR frewshermal pinfreredd iawesai mnthshowi ng a

person weari nymanppacé beForeChia 65rd dicQonar aherh dydat ches. FIG, 17 is a
perspective view gf another preferred 10 enbodi nént show ng a person

wearing a support F5¢% ucturdrd | 8 o for Bhehads ipfeprpdwimhgas sefisthe
posi tioned omuhbe fadd Rrabither&nd Hfpikbest sNEnd Rnacegrdance with the

FIGS. 9A and 9B are thermal infrared images of
15  animals showing a tunnel.
FIG. 10 is a perspective view of a preferred
embodiment showing a person wearing a support structure
comprised of a patch with a passive sensor positioned on
the skin at the end of the tunnel in accordance with the
20 present invention.

| FIG. 11 is a perspective view of another preferred

embodiment showing a person wearing a support structure

comprised of a patch with a passive sensor positioned on

, the skin at the end of the tunnel in accordance with the
lu) ‘ 25 present invention.

FIG. 12A is a front perspective view of a person
wearing a support structure comprised of a patch with an
active sensor positioned on the skin at the end of the
tunnel in accordance with the present invention. | |

30 FIG. 12B is a side schematic view showing the
flexible nature of the support structure shown in FIG.
12A,

FIG. 13 is a schematic block diagram of one

preferred embodiment .
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present invention. FIG 18 is a perspective view of another preferred 15

enbodi ment showi ng a person wearing a support structure wth a_fgnsey2006
posi ti onedWn2004i@W18Ri n at the end of the tunnel and conpetistholyizesa re.
FI GS. 19A1, 19A2, 19B, 19C and 19D are schematic diagrans of preferred

georetry and - di nensigns1of 1§up90@bhe%9t§érlaqfagksa yd sgpsingrapang FI GS.
20A to 20C are schematic diagrans of preferre di mensi ons "of the outer

edge of suppoffPFiFEtyCds thR J-PEYF&H% R erRetdmgewisligdeyicsengdg neans.

FIGS. 21A andaZdf} e osChen®id &udieagrams of -~ 25 preferred positions of
sensing neans. FIGS. 22A to 22C are perspective views of preferred ]
enbodi nents showi FFCE -pef8dn Gear 1By a2smippeshematiget oriewsi nebepbrat ed as a

medi al - can nap: 1Ml BrBod SRl oBOBhL T AR I8: 5! fodi o end of the

~tunnel in 30 accordance with the present i|nventi.on and 23B are .
perspective views FgfSan 16t ekmatie® e&tﬁﬁ)dlmegh@wﬁngva%ﬁpmﬁt structure -

conprised of ymdidi-ed NogRAILS ensor t| 04/ 001373
2 0/ 10/ 200 6 PCTI U82003%01538£{b8ﬁ'n§h2§s &%% e end ?XE% unnel in

‘accordance wftwuﬂttﬁéeﬁr@mqmtleﬂt d9rpatih@s - 24 |s a perspective view of

anot her preferredg;gnbedi ggn S tuge_in gccordapce wth the
5 invention. FIG 25 is aqger%ls ect ggg\%%wgc%%&oﬁé ano erreareg%o ment of

support St ucmipod ingni ﬁtjma:mtbta opetsomawsar froy anehpﬁorng atstmtsme FI G
structure w R R ERr e hehes Ere 3RuR & FoHon TerdaReeR, eN e of one
preferred en‘@didnmﬂ ’o‘rﬁe aesdppcﬁrttlrsartrmmﬂf]e Wuh t tacd:losﬁlaﬁye m&ans the -
present invention. _ i;J
FIG. 18 is a perspective view of another preferred
15 embodiment showing a person wearing a support structure
with a gensor positioned on the skin at the end of the
tunnel and connected by a wire.
FIGS. 19A1, 19%A2, 19B, 19C and 19D are schematic
diagrams of preferred geometry and dimensions of support
20 © structures and sensing means | |
FIGS. 20A to 20C are scﬁemétic diagrams of preferred
diménsioné of the outer edge of support structures in
relation to the outer edge of sensing means. - .
' EIGS. 212 and 21B are schematic diagrams of
25 preferred positidns of sensing means. '
FIGS. 22A to 22C are.perspective_views'of preferred
- embodiments showing a person wearing a support structure
- incorporated as a medial canthal pad with a sensor
positioned on the skin at the end of the tunnel in
30 accordance with the present invention. o '
FIGS. 23A and 23B -aré pérspective ‘views of an
alternative embodiment showing a support structure

comprised of modified nose pads with a sensor positioned -
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FIG 27 is an expl oded perspective view of another 15 preferred enbodi nent

‘showi ng a .8ce support structure. FIG 28A is an exploded/10/2006
per spect i vwﬁg%@%sﬁone “preferred enbodi ment of supportPEIPE##IR1E38howi ng

~a renovable nedial canthal piece. 20 FIG 28B is a rear perspective view
of the renovabife tPRedlkal Bhnthal epieed bhe FL@nIBAN RICGorZBGee swath r ont

perspective vitaw pfeddis iLSBRVALL e medial canthal piece of FIG 28B. FIG
29 is a rear perspective view of one preferred 25 enbodi ment of a support

structure incorpor&t®d ¥k &S chi perepedtiveepdgvasFearfitBer3Prieseared :
.perspective Vigho@indie & tehpatives. Smedioment of a support. structure wth
medi al cant hal padt.ns t hat useéﬁc%ela%%em \?%ebalcrf(i %ﬁc?roiargc[e)ecu"f’itﬁ'g %be 30

anot her st PuciByentiopGg, 31A is a top perspective view of one alternative

-enbodi ment of a support,stryctyre with holes .for sgcuri ng_nedi al cant hal

pads. 45 WO 2004/ 001373" 20/ 10/ 2008 BEFF 830031012382 F1G P3TETEh -
magni fi ed per8peedimgatyiofwsabppatt sbfuctihre sppant sidduetohgl ofedflsG 31A.

FIG 31C is arglde REESRECT] view of part of the support structure of
FIG 31B. 5 FIG 31D ?sﬁg at{siélglsﬁer'specti ve view of a nedial canthal piece

secured at the supf6rt26hristarnsearipersBadt ive aripar sffecheVpryiewef a
person wegd i NGudk 54 0 structure _conprised.of nedial canthal caps
secured on top ofdlggggg%# ar sr%’ggr%a tl(-)‘fncpté‘)’fggF’égé_e‘g?’sﬁjc??l:l“@anMB is a
perspective view &Gt hezé®di &8 canth@int caprepebt Gre 32Ae| Gf 33fei S an
cant hal cap being secured to the nose

expl oded per %%&Q@V f a rrec_g/_al _ :
pad. 1 FIG s ap %%é%eﬁt\/éj i\ rhe SERBCERET| Yilgt display
tw) means.
FIG. 27 is an exploded perspective view of another
15 preferred embodiment showing a three piece support.
structure. '
FIG. 28A is an exploded perspective view of one
preferred embodiment of support structure showing a
removable medial canthal piece.
20 FIG. 28B is a rear perspective view of the removable
medial canthal piece of FIG. 28A.
- FIG. 28C is a front pexrspective view of the
removable medial canthal piece of FIG. 28BB.
| - FIG. 29 is a rear perspective view of one preferred
-i,) - 25 embodiment of a support structure incorporated as a clip-
' on for eyeglasses . | |
| FIG. 30 is a perspective view of one .alternative.
embodiment of a support structure with medial canthal
pads that uses an adhesive backing for securing to
- 30 another structure. |
FIG. 31A is a top  perspective view of one
. alternative embodiment of a. support structure with holes

-for_éecuring medial canthal pads.
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15 the medial canthal cap secured to the nose pad. FIG 34 is a perspective

view of a nodified rotatable nose pad to position a sensor on the/ski/?@Ed6
the end of YO/ WAHEl in accordance with the present i nP@nHUBIN3/ORE2F G 35

is a schematic view of another preferred enbodinent of the present
i nvention using SpBT&rallBrf |leciaamddiel] ferdfedSive Sehwmmalfi @pavkewsof a

person show n apot her, preferred etrr%gs)[%: nt in accordance wwth the 25
pr esent inventqlh(e)nglg ?ﬁ;t Ssﬁé-’é‘ %lé ®t%a "rsTSiL%n. FIG 37 is a schematic
cross-sectional viEw of3zranot hersiptefprrpdcerbedivient o8f phe presgaat

invention wusihg.thermal em ssi FI 38 is a side perspective view of an
alternative §Bg%%oﬁ@mguﬁ§i%§%ad§%unt ed gear as a support structure.
FIG 39 isSa schemmtdc simgriamaof spdpr pbespedt ieabodiewerds, £ omegenerating

t her moel ectric_ener.gy .to power %%he sensing system 46 WD 2004/001373 .
PCT/ U520020/ 1672 %lffg BREIT D ts TR pRYRRRITE iSFEURtERRof a preferred '

enbodi ment for aniFm. wee. ikl 8pekdhAndediBear 81 PLISEE] R aYiBYS, Of an
al ternative enbodi nent of a portable support structure 5 with a sensor
posi tioned at “¥RRETuNTHTVBETRI LEPFPESER PHifoN wlitlE PREEERREDSENMBODI VENTS

| n descri bi ngsécyrerf onr edpesbadir@@at aofnddre pgdw%%ng%‘,gglég,éégs.t rated in the
drawi ngs, . specific, 10 term nology will be resorted to for the sake of
clarity. FHowever FXPhe3PRvaft} RETPERSLVE Y ERdeer theaadinlt eantleal the
specific termmperserectesh and it is to be understood that each specific
termincludes all technical equivalents which operate in a simlar manner
to 15 acconpli shF&Csi #hats AR pod odpd euspetovse & ieepfink hedial ed | mage

-of the human canthal cap being secured to the nose pad. L)
. FIG. 33B is a perspective view of the end reéult of
15 the medial canthal cap secured to the nose pad.

FIG. 34 1is a perspective view of a modified
rotatable nose pad to position a sensor on the skin at
the end of the tunnel in accordance with the present
invention. - '

20 . FIG. 35 is a schematic view of another preferred
embodiment of the present - invention using spectral
reflectance. '

FIG. 367 iz a scheﬁatic view of a person showing
another preferred embodiment  in accordance with the

25 present invention using spectral transmission. -

FIG. 37 .is a sgchematic cross-sectional view of

another preferred embodiment of the preéent' invention
using thermal emission. '
‘ FIG. 38 is a side perspective view of an alternative
‘30 embodiment using head wounted gear as a support
. structure. | )

FIG. 39 is a schematic diagram of a preferred

embodiment for generating thermoelectric. energy to power

the sensing system.
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face showi ng a physiologic tunnel. The figure shows an image of the end of
the brain t8gRsy. , tunnel (BTT) depicted as white bright spgig/10 /14706
medi al cant th e{@g%[i 0 and the nedial half of the upper &FEUSH3PE82Nd of
the BTT on . the ski'nghas speci al geonetry, borders, and internal areas and
the main entry poi §tCrs fBcat®d fonPEREPESUPEF o-iEd abfaspecpraffertriee medi al

canthal area dita@Buneheatdy animRPShddon, wWith the inferior portion of 25
t he upper eyelid and 4 mm nedial to the nedial corner of the eye. From

there the .boundary¥§B8s dovdn PRAt HelBedirel Pewsmdrtivar evicvametriaal |y in
position withdiheraedi & RBEDELRf e_.eye. w thin 5 mm.down fromthe
medi al corner .of the eye, and perngce%%iﬁg Fgop)lq:{&g)ltehesufﬁﬁé‘}: KFEHCE36 wi t h
the lateraP bdthlafySeRImBCRt Benachatnitdepaubnebf the upper eyelid as a
-narrow area and extending laterally in a fan-like shape with the superior
boundary begi nni n in the md-half of the upper eyelid. 47 WO 2004/001373
20/ 10/ 2006  PEFF 3/ BESERTPTAON SCRF e THBI c MREFARREDI arEMBOOELMENPEPEr at ur e

found in.the human, f ages-J#1§ Jpot test e indicated by the _brightest
white spots and the col dse_(é‘tl arn}éa’a?ls %r epﬁggéc re te‘rar'g%?ﬂg]t“l‘ﬁ“g betfweet he
hottest and coPUeRt1AUY eadlavetBtzaen iim di ther entirdutasgys,n asgeayrseal e. The

nose is copd c£SRELT L, 2¢k) 1,81 it Js- primarily conposed_of cartil age
and bones, and -conseﬁgﬁt I glkhgg gg_ %1{/\*;&& éidgog * \F&eyuﬁ@geTﬁ t S+2TiHe reason
why frostbiteHePwevRsst tdenmimwent bon his nose. idfedded Sty rieandimg deerdocul ar

area of the upper gnd;g;que elids (seen ag gray) is hotter because of
hi.gh vascul ari zati on lgﬁg t%%%)r{seduscoed S%ﬁﬁtegof ﬁé%‘poye t1$s® MR skin
under neat h t H&deysitiodd thatverach biprcanflc doesn icliudeBay €1 agdi ROSE- L1 Ssue

ei t her, However .. her. cagnditi ons 15., necessary to define a brain
t enper at ur e t{qﬁ\uﬁg}aaglrlggno{’hl% esTNTAGF t M f eaSTTHA BT Mam88EI r &ivent s

al.so, indbPudeacseppiesenceimiflaa purpose.

FIG. 1A shows a thermal infrared image of the human
face showing a physiologic tunnel. The figure shows an
image of the end of the brain .temperature tunnel (BTT)

= depicted as white bright spots in the medial canthal arear
20 and the medial half of the upper eyelid. The end of the
BTT on the skin has special geometry, borders,  and

interpal areas and the main entry point is located on the ,
supero-medial éspect of ther medial - éanthal area
o diametrically in position with the inferior portion of
Ai_)' 25 the upper eyelid and 4 mm medial to the medial corner of
the eye. From there the boundary goes down in the medial
canthal area diametrically in position with the medial
- corner of the eye and within 5 mm down from the medial
-corney of'the €ye, and proceeding up to the upper eyelid
30 with the lateral boundary béginning at tﬁe mid4part of
tbe upper eyelid as a narrow area and extending laterally
in a fan-like shape with the superiox boundary beginning

ig the mid-half of the upper eyelid.
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term nal branch to deliver the total anobunt of heat, a term nal branch
that is a direct branch froma vessel 20 fromthe brain, a ternygplidyande
that is suP@¥PH9%}By |ocated to avoid far-infrared radPaT/UsIObEGsDt | On
by other structures,’' and no thernoregul atory arteriovenous shunts. Thus,
the BTT, i.e., theThki acaleainddcates miwdi atangrordier t@fipd:he veye rangdupper
eyelid, is the_upjgqu locat i that can access _a brajn tepperature
tunnel . The gﬁi'ghgrgﬁrﬁ% t%ecee'ygﬁ?dggtdte‘:‘igi v§|p§’%ﬁn8F§t b’?%e‘ff%‘? A §E"‘F’or

chemi cal neasbrigemest ushity spests oswdpyhandoidedefl bpeds aseaprRELADOI i C
tunnel with optijal. uisition of. signals . for chem cal eval uation, but
not for eval ugtgélr'%%r%%&t eﬁe%etnot ‘é?ergaggﬁf’tp&ﬁéir LG bPEFIE BFE in s
a conput er3geneemt ed dhifarehti htear €6 acotoy pdie. MBEE mfset e buman face
showing in deggéénthaes %glorrggry and different areas, of the brain
tenperature tunnel Hnhd sAFFOuntt?f ardas SonPYiTet bf eftAfeseduchfas 48

WO 2004/ 00137320 1/e2 G0 Hmbs|/S20003/Rh2383<801¢ hest hedoand pabthe snakes
can see this LYRe of _.radiation, but not humans. The infrared inmages make
the invisibl iM% VI fudasengebietrPsshitei 38 BPSEhEOMRORNel can

be better quaii ifHeedioséhe color plot of the 5 isothermal |ines show the |
peri pherajrﬂiar ea othhe tunnel_ . in red and the central area in yellowwhite
with the hhin ent?F pYiTROURAIPGe RETdO6HL2Fe ABFT |9k atbe iypPmehe auber o-

medi al aspectlodert heyedTRdisal (seaft R M:89 ahovieots Blidlse canthaly, t endon.
10 The main entry point is the area of nost optinmal signal acquisition.
The i nmage al st S%’&%l?ﬁ‘él%’yrﬂ%it tReoreduped nprowte afy addpreentiseue wo BTT

sites. Since fehekinahf@sridhlehade,be; dor ghead deaqt gﬂg¥$oé£'%

af orenmenti oned six characteristics needed to define a 1 3ald areas
have | ower t&@YE A4dPase bismme sdshens Howgpr ardiedatkeyr condifinrs t he

forehead iss RakcesUhtAPLE de@iABASUraliY Yerdlla@beP Whhe:1 TIGMR)e NOSE
as very

i
4

present in this area.

The BTT requirements also include the presence of a

terminal branch to deliver the total amount of heat, a
terminal branch that is a direct branch from a vessel
20 from the brain, a terminal branch that is superficially
located to avoid far-infrared raaiation absorption by
other structures, and no therm_oregulatory ‘arteriovenous
shunts. Thus, the BTT, i.e.; the skin area in the medial
-corner ©of the eye and upper eyelid; is the unigue

_25 location that can access a brain temperature tunnel. The )

skin around the eyelids delivers undisturbed signals for

- chemical measurements using spectroscopy and is defined

~ as a metabolic tunnel with optimal acquisitibn-' of signals

- for chemical evaluation, but not for evaluation of the

30 total radiant poﬁrer of the brain. _ '

' FIG. 1B is a computer generated thermal infrared.

‘lcolor plot image of the human face showing. in detail the.
geometry and different areas of the brain temperature

tunnel and surrounding areas. Only few creatures such as
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little radi ant power seen as blue and purple areas, and the tip of the
nose seen 4% Ao as the |owest 20 tenperature of the face. Thup/10W@006
nose area i s not Mﬁ%ﬁl tabl e for neasuring biol ogi cal par aPeV/BP203/ALE2 2A s

a schematic di aﬂr arlrjl of _a physiologic tunnel, nore particularly a Brain
Tenper at ur e Tunhel PESELEM &7Fhyedicdie seamieifi ARN tdre BIIFL$ s tapbr aif t her nal
25 ener gy tunnediLOhiaigC bk m-%ﬂ@nglgﬁhéoﬁﬂ!ﬁréfgﬁfm%@@ haxc2nd i gh heat

fl ow and can pe characterized as a Brain Therma ner unnel . e tunnel -
stores ther mat" ity 18RE Bro\Rlfes Thrs ublde syeaissdypanh Bore cohvgyd ng :

.thermal energynddioneahenengdeof et hg 4 4N36L 41 N e ernqus sin 30 inside
of the ,brgg’ n to the opposite ened gﬁlthe s%?h v'I\‘AhtghC%t%ég tpﬁé:’r%rrﬁlf ener gy
d

transferred tPINErTaLt ddeedf shae Ek¢ npentphdmlendreaf dfhechainnelndin t he
form of far-isf raiedngr adi atd o5 1H. g0, heat flow occurs at. the end of tunnel
which is characterized by a thin int E?fg%e?‘ilalr?d" VRE R dE TR 4R\ B804/ 001373
20/ 10/ 2006 REFFYUSPOHBE 0338 fensly dfs tihey @TTellpcprepoth i einal superiche.

t hi ckness of wdiRali BEeLd@cs Jhe : hat.ed power (P) _.at the end of the
‘tunnel is defined by % = o* e*tA*TETea\%\%ieréﬁgUh?atsl taﬁeas?%?‘(éﬁ‘l-t%e Qlﬁ%tl?ﬁan '
constant wit F3&thalueenden.5 67 x 10-8 WnR. K'4 and e is the emissivity of
the area.;gSi nce thg.epd. of nnel .pravi des_an optinal area for

radi ation, the tot al H‘géﬁef'&?g i%ﬁéﬁggrlgmg&?eapffﬁ@ 25 MRELt dhpefature of
the brain i féPeabescheisitsonof Thheifdge ealsd reiidwes agiatd@met As &9

denonstrat ed¢ 0.4 iments in the present invention, nentioned, the
radi ated power fn@hgé%%yg‘éghw% égea%wPasqqgr PREE® t hah"Fhe OFRET at ed
power in theareadgue iawdudinal odestyfoddieeT Gote APt haski n g a very

smal | area 1P p@@gur.i ng.only |l ess than .0.5% of the body surface area.
However, this very sr%é’flfgdskgilryf r 8GO O e CBoRFS5ISSVi Bes dafi8ear®a for the

opti mal &} gnBTTacgaidi tirems f DavereBSWdd NGotal radiant power seen as

' light and dark green. Thus the forehead is not suitable

to measure total radiant power. The whole nose has very

‘little radiant power seen as blue and purple areas, and

the tip of the nose seen as broﬁn- has the lowest

20 temperature of the face. Thus, the ncse area is not
suitable for measuring biological parameters.'

FIG. 2A is a schematic diagram of.'a physiologic

tunnel, more particularly a Brain Temperature Tunnel.

‘ From a physical standpoint, the BTT is a brain thermal

im) | 25 energy. tunnel characterized by a high total radiant power

and high heat flow and can be characterized as a Brain

Thermal Energy tunnel. The tunnel stores thermal energy -

- and provides an undisturbed path for conveying thermal

_ eﬁergy from one end of the tunnel in the cavernous sinus
.30  inside of the brain to‘the opposite end on the skin with
the thermal energy trahsferred'to the surface of the skin

~at the end of the tunnel in the form of far-infrared

radiation. High heat flow occurs at the end of tunnel

which is characterized by a thin interface, and the heat
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- bot'h*physi cal and cheni cal par aneters. FIG 2A shows the brain 10 with the

"t her mal 2 stored in its body. The BTT 20 include the@fao7 206
t he thermﬁ’o%égy@? 7étored in the brain 12, the thermal BREUSEPEERI in

the tunnel 14 and the thernal energy 16 transferred to the exterior at the
end of the tuhhey. i¥hdnveneehml pereictal Ik difei shicpresensedthy dark
~arrows 25 of sape.size and shape. The arrows have the sane size /
i ndi cating undi sturbed thermal energy fromone end of the tunnel to the
ot her and char act efrliezedotaayl eqadvateﬂht powerpe{mt uae vuhtehr anfl heft urinel . :
Thermal ener gy, m t I, Vernous t he brain i ransferred .
to the end ofﬁltrﬁrr((aeq% dhne <t gg a rapi c?*Aagte e Hedt o 5‘3? éie%ﬁ%‘urs :
t hrough t he uPeFpaded ccarsrtebtahwbnausrabheods path.6The torfned.mal g0 has a

scul ature storing t t her mal

\gﬁelrgi/BV\n {ﬁp;ﬁf\r}tar e%ttﬁ.‘[]eﬁ%e?%ﬁvué' & d\éggr@f‘?ﬁ; e ?Bgi?ﬁoﬁhﬁS nn/ /
0f 2006 PCT/ | h82RA3¢r2Fridea smndplt:’[maf]r GBezh & drSiadie a0f oh et hodyodf) to the

exterior l%cﬂ” surfa %)ﬁéQ h_ends.as a termnal vessel 17
transferring the to’faa 4 r?trOB’F et fal Efer'dyf t CRETE TR PI1ES The

skin 19 is vdmpaibhincasgsed I@ewaubBegds haad | osdm iHhe Hehiegkhessn Ofasskin 19
is negli glrobl e co red %o th skin 39, 49 in non-tunnel areas 30 and 40
respectively. fCStT' in W PRGBS S ofi Bs kPR PYeSRRGhiRRT 0w

occurs and tlmmrmbnequr thbr refl dSe@chbedredif aphdl BriheRcRr83SeRSQr is o
pl aced on theE skr n 19 at the end of the BTT 20. 1In other areas of skin in

the face and P "Bhe B8y tHoR Jetferardiafird iRPYste txefBRartPngus- talsnel areas

30 and 40 obrklGeadisgveral interfering phenomena occur besides the Iaclg

of direct vascul ature connection to the brain, 15 and incl udes

sel f-absorption afaet FEINeFitf adRenthe 1skimelis ahsgrami osmaThi el ates to

the phenesenachbatigtPesn1y adiss Hard icS4e ool O IN&ly ARsR vaygl engths of
' However, this very small skin region of the body provides
the area for the optimal signal acquisition for measuring
both physical and chemical.parameters.
FIG. 2A shows the brain 10 with the thermal energy
. 20 12 stored in its body. The BTT 20 include the brain iO,

the thermal. energy stored in the brain 12, the thermal

energy stored in the tuhnel-14_and the thermal energy 16

transferred to the exterior at the end of the tunnel. The
. thermal energy 12, 14, 16 is represented by dark arrows
25 of same size and shape. The arrows have the same size Ew)

1nd1cat1ng undlsturbed thermal energy from one end of the

tunnel to the other and characterized by equivalent
temperature within the tunnel.

Thermal energy from the sinus cavernoﬁs in the brain

30 10 is transferred to the end of the tunnel 16 and a rapid

.~ rate of heat ' transfer occurs through the unimpeded

cerebral venous blood path. The tunnel also has a wall 18

representing the wall of the wvasculature storing the

thermal energy with equivalent_temperatﬁre and serving as
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infrared energy prior to em ssion at the surface. The ampunt and type of

infrared e -absorbed is 20 unknown. At the surface tho ef/erg el
em ssi ons gﬁfeﬂ)&l&ﬁi%due to self-absorption by the other F%VE?@U@ﬂ@?i ng

di sordered thernal- em’-sgi on and insignificant spectral characteristic of

the subst ance b&PRG Ehaf Y dHeiing1f| phisthathadr y1 & iy edeneatebyor he
various size, (shapesuzbsaadd qni sl f,arro 50 384 nd, 44a to
46gof ~FIG 2. Sel f-absor pt?o’n [ ﬁnﬁ%ﬁ %&ﬁjnsg-l a%r ga\é\@?lﬁnﬂigl?r%at uraelﬁy JLfplrevent S
usef ul t her malF BTSN GR Fhendad @l e @BRUNE 0obe thgbhaeererat thessid face. 2. -
.Thernmal gradierin tdere is a thernmal gradient with the deeper |ayers being
warmer thap 30 the superficial layers, illustratively represented by

thi cker arTows 36dh¢kiBd 1i%n ishweteepin |anferas loowpauigh heat tfilawer arrows

-36e and 46e | orat edi UL SUPET LGl afd vy |51 £Xes55l,e qnd highly
vari abl e scattering of photons l&:Len pésssgggif%ir%lueghg%%ﬁrgﬁs °aytgjreg such as
fat 51 010 /Skimp 36 4NOR0OPAO0NBES 2rPEF/ BS2008/ @ 382peantvelsher

ti ssues such gg nusckes | gading ner sigContrary to that, the

tunnel area 20 is hompbgeneous gﬁ?#%% ar%éso?if)}f)l on” bf q-lllﬁ ré'?eé?‘g gy and

t he bl ood 5 B%El endr thevoat edigd ibheus urd aothieTleids rapl ows whedi st ur bed

delivery gof ifff-ared e t rface. of .the skin 19 and to a

‘tenperature det ectorssﬁgi('g%% OglnEH?n%?lanrg agt lélé of" Ioati:]e%lei ﬁlﬂgp bsition to

said skin 19. | nIrhetBesr areastdlrskims o tHerimde grailiantthed eyt here 10
bl ood vessel 17 directly

is only a thiyn | f tissue 19 with term nal
under neat h sa]iq}d Q%ﬁlg'%a?ht éirl a(kzl% SKT N Hafﬁen?ﬁéFWe TGy £8 §8Her ated by

the term nal 49 odd FIgesSelsetéreXi intmy fleaihbephunbnesa skidurl Hegaegsponds to
the undi sturhed q%@?(n Set rHe core te%e# ature of the 15 body. The preferred
path for achieving therna ggw PEFT U tSP RO SoudbeBéitture is
t hrough tlle and includes self-absorption and thermal gradient. 1. '
Self-absorption: This relates to the phenomena that deep
layers of tissue selectively absorb wavelengths of
infrared energy prior to emission at the surface. The
amount and type of infrared energy self-absorbed is
20  unknown. At the surface those preferred emissions are
weak due to self-absorption by the othér layers deriving
disordered thermal emission and insignificant Spectral
characteristic- of ‘..the substance being analyzed being
illustratively represented by the vérious size, rshapes
\) 25 and orientations of arrows 34a to 36g and 44a to 46g of
- FIG.z2. 'Self—absorption in non-tunnel areas thus naturally
prevents useful thermal emission for measurement to be.
delivered at the surface. 2. Thermal gradient: there is a
thermal gradient with the deeper layers being warmer than
30 the superficial - layers, illustratively represented by
- thicker arrows .36d and 46d in the deeper layei‘s compared
to thinner arrows 36e and 46e l_ocated more superficially. |
There 1is excessive 'rand. highly wvariable scattering of

photons when passing through various layers such as. fat

51




central venous systemwhich exits the brain and enters the orbit as the

superior oght vein. The arterial blood is 0.2 to 0.3 degraesl 6¢290s
| ower V\hen%o%gié@é%ﬁo to the central venous bl ood, and BaI/HSHP#/8%] bl ood

is not the actual- equival ent of the brain tenperature. Thus although
arterial bl oo@2flayPtherof t1§fuEFestusin aar tiisslesccheddims, the themovat system

is the preferggdscarrier of . thermal energy for neasurenent of brain
tenperature. 25 Arterial bl ood tenperature nmay be of interest to determne
possi bl e brain codfagFapy tRethprter Fag Blmrrl iareadh disn simogenstasces. :
Non-tunnel  ar gaen 3Qoangdnddgt@nchat actathzed b senge. gf ,heat :
absorbing el emrents. The nonl?dt’lur?nel areasa%gg %né%? gﬁgrgﬂl eflg%cédgb o
broken |ines EREFelE erdizd ngle¢atadul et abthet y sokfane erf@heslceafb;/odwat

absor bi ng coumiggﬁ%% and; by, pized transferring.of heat in .
sai d non-tunnel areas gnclj 418; h%a(rilnggég a eSS 3:% tt%h gg‘?ﬁ%?l?uents in
non-tunnel arfeks 8®i1and94(ﬂnc52ta/\oa20®a@@®a8i3e2@/et6b26f)6suEﬁ:T/aLd82a0{)3/012382 '

sel ectively apsarh.iynf t by. the deeper ers efore
sai d energy reaches?ldt ﬁirg%sur giggeggll% Spgo%”f’hong‘? ’é?’]e%t riel ener gy
and the diff efrerthearBdgs ar&laethepeesernmdtlb@arntahe gﬂ:afdflehentslﬁhapﬂseﬁld si zes
of 5 arr d, o] ad unnel ar & 30, can representative of
measur i ngmtl\in%gralt§l£ ¥\Bt?‘§n ﬁa nsorotf 6 of a%h‘%lék Fler'ﬁjrﬁ‘fﬁo qa :
| ocat ed abovefmelhéé?rtdﬁﬁect\w tmdﬂme\a/sh&balﬁeptfla&eninﬁélﬁfatdéeré}ﬁn energy .

in the heart 10 are 30 includ the heart 32 and the
various bl oo&%zvessef: % |etr§er§P’a h%%n%’%aateé%d t%‘@ texginal H9Rg t her mal
energy. Di fferreeBEIammueb:atﬁ)ﬁg heﬁt tBé eshipaed skl andcositd SRRt to ()

t enper at ures t:\%rleasu d %f% g on the |location 15 and anatony of bl ood
vessel s 36a, 36b," &% iy edEBIR 15°%fch bePesataRs vef y theom t he
main trurlf body. The preferred path for achieving thermal
equilibrium with brain tissue temperature is through the
central venous system which exits the brain and enters
the orbit as the superior ophthalmic vein. The arterial
blood is 0.2 to 0.3 degrees Celsius lower when compared
20 to the central venous blood, and said arterial blood is
not the actual equivalent of the brain temperature. Thus
.although arterial blood rriay be of interest in certain
occasions, the venous system is the preferred carrier of
" thermal energy for measurement of .brain temperature.

25 Arterial blood temperature may be -of interest to {¢)

- determine possible brain éooling by the arterial blood in
certain circumstances. -

Non-tunnel areas 30 and 40 are characterized by the

presence of heat absorbing elements. The non-tunnel areas

30 30 and 40 are defined by broken lines characterizing the .

vulnerability of interferendg '-by _ heat  absorbing

constituents and by the disorganized transferring of heat

in said non-tunnel areas 30 and 40. Various layérs and

other - constituents in non—tunnel areags 220 and 40
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34a. The non-tunnel area 30 al so includes heat absorbing structures 37 such

as bone an whi ch thermal energy -34 fromthe heart 32 2ateedoyQ 0irs
traver sed ﬁlgqﬁgg@ﬁﬁfo the skin 39. The non-tunnel area RCBUVEEFHEBAdes a

variable layer of fat tissue 38 which further absorbs thermal energy. The
reduced amounfebCtEivarPerEr ginf¥aeashi snpndye egithed ubfathe 3@eepmr t 0 t he

presence of fabydds SBeisrd P CUELDY: LA TS ABAAN Fbeq ) which
e.

25: arrow 36d has higher tenperature than arrow n- tunnéé]fmdrea 30
al so i ncl udes®2d t Hi¢ kdiifieresd whetmibvendmmat sridowheepriésentrd dyesayr r ows

.36f. The thickrsKi-By39: &L SPONAS .t 041 kin.in the chest areg and fat
| ayer 38 correspondg to the v]gfi g‘%lee dﬁ%eegﬁ%ﬁnts% efgatalﬁ)‘gesséﬁf?si r?aft he chest
area. Ar 1 oS o wee présaxtowshdediisor der ed and reduced total radiant power

-delivered after sg.d-t I gy.hraverses the_ _interfering constituents
in the non-tunnel ar ea{?ﬁ\c ud?ﬁ%{ aa%hi ck ntSDeerfaE%plé‘?PcF%gﬁt"v bs&¥bi ng

structures. |TasuTing 2e0p¢OON8E3 2H 04 2866scPChh USBH03E0 1238 A xaadi ti on,
BTT 20 has nqfatmkayef d_in non:tupnel —areas 30 and 40. Lack of a
thick interface such as t ?%al%lé%sl?ib%vgnéhfea ?a?’éc%b?ﬁ?h%er MBS Pi*ers such

as fat, and Yshegksefhthbhe ol rpeehenent sheubbafs BRSCHES- Aldnews 5
e BTT. . Lack of .a thick

undi st ur bhed 1.SSI iation at the d of t

interfacte]%su%kr?egs %ﬂi g&% |éns aﬁgefgﬁaﬂl- ag 8P hetSmlV2bLPEF el o88ch as

fat, and | ackesbeheatandabsos bitngneheserian sugbbas 3pdscl e6q aldramadg

undi sturbed .emssion of radiation at the end of the BTT. 10 Yet referring

to FIG 2, non- unnel arda 40 can be representative of neasuring

tefperature with BifEnsar oamotAPs of of hehskd N i¥e t ha-B{dFed2ea Thenheat

transfer in gﬁg-e}gncnetle area 40 has sone simlarjty with non-tunnel area
P

30 in which the hd T eSTPELR EUEeYi hsrdedd IGRENMRILEY s doratieadi ant
power notSrepnésentatiyeodfl Hibedt emRekakur®a,atzdhie fPostie ghdog
internally. The hl ood vessels branch '
vessels ranch out extensively from the main trunk
34a.The non-tunnel area 30 also includes heat absorbing
structures 37 such as bone and muscles which thérﬁal
"energyraé from the heart 32 need to be traversed to reach
20 the skin 329. The non-tunnel area 30 also includes a
~variable layer of fat tissue 38 which further absorbs.
thermal energy. The reduced amount of thermal energy
reaching the skin surface 39 due to the presence of fat
. 38 is represented by]the-arrows'36d and 36e, in which
i>) 25: arrow 36d has higﬁer temperature than arrow 36e. Non-
tunnel area 30 also includes a thick skin 39 with low
‘heat flow represented by arrows 36f.
The thick skin 39 corresponds to the skin in the
chest area andrfat layer 38 corresponds to the variable
.30 amount of fat present in the chest area. Arrows 36g
represent the disordered and reduced total radiant power
‘delivered -after said thermal energy traverses the
-énterfering constituents in the non—tunnel.area including‘

~ @ thick interface and heat absorbing structures. In
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out extensively fromthe main trunk 44a. Thermal energy and tenperature in
bl ood vessels 46a, 46b, 46c is different than in areas 36a, 36l 866/ 200%
struct ur esWOFH U3 B her mal - energy 44 needs to traverse tBCHESWASAMEE2 skin
are also different- conmpared to non-tunnel 30. The anount of heat absorbing
struct ures 47afgditdhidd.eB8Tt 28ndiast hasféhelaner tenphratdirie atonrenahehnel 40
is also diff e onpared,to_non-{unnel ar 30. The_a nt. 25 of
fat 48 al so v§%§£% %iagh cqheiné'%gkt RE %nié]%‘bé}ci%n% r?gsces Sug eﬁszggl%]ﬁd 46e,
wherei n 46d iskimepsi fdtan bada of6ehelimatk bakiredd ahislh asedpses deat fl ow

and the tenpe r f the,area. 46f.. Reduction of radiant po i ndi cat ed

by arrow 469{%}&3%0%5%% e%b?8g?laréﬁ aPtSFothEr S 8® u@ﬁﬁ?#@‘g;é\?gﬁﬁ e

di fferent,5 sounifftemrentl shiasienpss atafiatisn Aeasheedndependhegron. t he area
with the .

‘of the body. Thi,s appli . to.the ol e skin surface of the body,
exception of"iHe %gi i ?‘lfhe lélﬁ&rggc‘? hﬁuéTT?SSZFhﬁCiG ski@ v@dzo%%‘? 001373
PCT/ US2003/ 01123822 tieasilr esmittisrel suBherRalfdtenpaiaat i@ sechhas: rectal
do not have t egzpe cliinical rel evance as neasurepment in the brain.

Sel ective brdt SPEnGHIEhE e FUGENTHS t FURRLES | ALACKERDARASFL WERRAI i an

speci es - underenizgabat 6f Yradieaidht bONshanthd B¢ sageppProcess could occur in
~humans. For instance the tenperature in bladder and rectummmay be quite

di f ferent!% han t hé®br APRASTHSh Gt Tifv tenpeeaiieeli mxese 49 9% Ry not be

reflected inrdigebenpel Btdrsr mBatiad kBmetisrutdt@idiala adgans o0 FIG 2B
is a cross-sectional schepmatic diagramof ~the human head 9 showi ng the
brain 10, spi'®R °€ofbe18Kir imethumid 420 T8Fr 8saht bHaARFLRNelns I8 or

ophthal mic vehRelt Bec£augr RAYS sSMAUSihi 1Y GP §Scd NEod NELIRN eIy 7 )
storage conpartnent for the brain, and the various 15 insulating barriers "~

2, 2a, 3, 4,32a}n4wmy§htmge|@g§;qQﬁylt is a disordered and reduced
I5 total radiant power not representative of the temperature

at the opposite end internally. The blood vessels branch
out extensively from the main trunk 44a. Thermal energy
and temperature in blood vessels 46a, 46b, 46c is
different than in areas 36a, 36b, 36c¢c. The structures
20 that thermal energy 44 needs to traverse to reach the
skin are also different compared to nbn-tunnel 30. The

amount of heat absorbing structures 47 ig different and

thus the end temperature at non-tunnel. 40 is also
different when compared to non~tunn€1_érea 30. The amount
25 of fat 48 also varies which changes the energy in areas iu)
area 46d and 46e, wherein 46d is deeper than area 46e.
Thick skin 49 also reduces heat flow and the temperature
of the area 46f. Redudtion'of radiant power indicated by
arrow 46g when compared to radiant power 36g is usually
30 guite Qdifferent, so different‘ skin_ temperature is
measured depending on the area of the body. This applies
to the whole skin surface of the body, with the exception

of the skin at the end of the BTT.
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brain as a conpletely thermally insulated structure. Insulating barriers

i ncl ude skigh 20! sponding to the scalp, skin 2a correspondi 1o0VIP006
skin cover%g%oﬁg&g%ace, fat 3 covering the whole surfacBC'B(ﬂS%"l%%Il)@kﬁ}ll and

20 face, skull boné 4, spinal bone 4a surrounding spinal cord 10a, facial
bone 4b covering tFRATEHEIENERdCEciebrEra] spinmarattiuged sQEBFprs5 reThel conbi ned

thickness of BaraberBave chet sAnkNeHlALN0 Jhev DAL N £ANIEACNA: Syem L0 2.0

cm which is a notable thickness and t I'argest single arrier against
t he envi ronmefifei hrahe. wlastivdy brpie tooling shanrijdest algnonshianst
environnment thg bgai f,gannot s reyg begt gfficiently. and heat |]oss occurs
at a very _|lower rat el.1 Skin O2 corregégﬁgs ?e?:'h%s scuadﬁrvmﬂg OII%L?We skin
and associ at eBoR3ticingr eensbvidrd ngpehepshasds anocuB) odwh hashiesnd her nal

conductivity pagd wmor as ah 'H%‘I r..Fai tissue absorbs the majority
of the far- infrare vvé:veltengtt:% ang%\n/\lgskénaél%é(? erar?él rﬁﬁ??‘@r@’é |” bone
4 has | ow t hedwele cdridiarenyi tthaandhehbr&sl. WwHils as lawphyspesht e f er and
has zero heat;preducti,Q 0 2004/,001373 2 PCT/ US2003/ A 3812
The heat generat eg by rrg%iabo Yioc%%t ggi nrve\?%éac Fdi in c'g}?? eSBBREEATH 220% of
the total hedtegpuggdcéd byhdrhenbedyal amchars.s enor nous anobunt of heat is
kept. in ggonfine and, thermal |y seal ed space. Brain tissue is the nost 5
suscept i b1 e ti ssugItG() %ﬁerlnsal aer%rofﬁ f%cgrulcdg’& d L6t IF1a97GR &hd | ow
| evel s- of therhealhuener geadBocaheeing the bidbd mpd, | asidat i @sra@nbaphysi cal

inability of the brain t ai n hea r lose heat, both hypothernmic (cold)
and hypert hetrh%‘i Cg%%%etrh) 29 a't%éesprc?gﬁnfig'ad o BR§i rPURETEGE bt ISt h can
riapi dl y ensueeias obeurateridinusands of heathhys propieeannualdergbesi des

sei zures andsq%ggh due to hi gh fever in sick people. Unless appropriate
and tinely warning i SPGVFEEH b§°’60n"t1fer1u6’ti’§ll§‘"rroﬂ’i“flor¥% pregiiqus

tenper at Ube dnypohet iid asdadely €0l daprahol, disf wWbanceg e keep the -
brain as a completely thérmally insulated structure.
Insulating barriers include skin 2 corresponding to the
scalp, skin 2a corresponding- to the skin covering the .
. face, fat 3 covering the whole Surface of the skull and
20:_ face, skull bone 4, spinal boné 4a éurrounding' spinal
cord 10a, facial bone 4b covering the face, and cerebral
- spinal fluid (CSF) 5. The combined thickness of barriers
2,3,4,5 insu;ating the brain can reach 1.5 cm to 2.0 ém,
B which "is a notable thickness and the largest single
?L) | 25 barrier against the enviromment in the whole body. Due to
this coypletely confined .envircgment the brain cannot
reﬁove heat efficiently and heat loss occurs at a véry '
lower rate. Skin 2 corresponds to the scélp which is the |
skin and asgsociated structure covering -the skull and
30 which has low thermal conductivity and works as an
 insulator. Fat tissue 3 absorbs the majority of the far-
_infrared waﬁelength and works as a thermal buffer. Skﬁll
bone 4 has low thermal conductivity and the CSF works as

a physical buffer and has .zero heat preduction.
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15 is at risk of thermal induced damage to the brain. FIG 2B al so shows a
notably sngll entry point 20a measuring |ess than 0.5% of the' Jdiptyo/2006
~surface wh ,((,)hm&rc)%’#?ésponds to the end of the tunnel 20 oRCI/H8208%P13382h. The

skin 2b is extremely thin with a thickness of 1 nmor 20 | ess conpared to
the skin 2 and 2a T cleatr egdriepatied dyormetaird,ict hiagleerin htne skiraizb. The
tunnel 20 stagds,atb. by VeENQ ' ich _is.a conduit for . venous
dr ai nagef or f?t}lél_e brain gn gfgéghgté%épgﬁg%émg pt%reOdeur‘f&%gfbyt ﬁ'ielet%ﬁ%l 20 as
a radiant |1 ab ehis gynorfowselamR@ngr ofi destaniobisé¢prucimdapassédieed o t he

cavernous sinuss1 t | oca inthe mddle of, t brain, and
which is in'g#?%cfhggﬁéiag gmégﬁefhesb?\%%' 's%‘pual}gestloﬁsuﬁea%st(I‘)l%ehem%?%i n: 1)

t hermal erfer (guggapdiibéd tismid cargthairokil cenatgy hndikedbramagandbssi ri ed by
the 30 venous syste nd - t hermal ener delivered by the arterial
supply from tHhe re%rr&oio‘f’hiéﬁggﬁ £6 t eerﬁlg iﬁ"'.]‘_“er“i'-'Pﬁ‘_s.%(ﬁﬁ%é‘c?fa &nt RS
arrangenent. itheshalednsnlaetai landn phkGea2Gnagiilchyi 8fackher baain secti on of
PCT] U203/ 0E5382 FPCE S | 498° cOFanal Gedt | GYPCRRSUBF t HE N8 eribls i nus
1 which is ahmerthetinke $hotict stetad t Banubbkpl @0 IpAGES danddel |8tk Wi th

venous bllgod fr%%] the veins 9 and fromthe superior gphthalnmc vein 6.
Caver nous “si NUs I 5%oft REFfral 2BnBF Y frOrmoMsPRAE eSukedl thyy om

arterial bl opeopliet hemubyly Badi&es t sknb@rdal ag@r abheh ankeriesi®a sb, and
from venous %I ood fromvein 9. Al of the structures 7, 8a, Sb, 9 are
di sposed al on§VERd 15K nBeePtont et PRINECRIPELN 08B s| FRelY, A

particul ar 1Garaahyreid Nabolaes Whe CRUECLAOMSIY NwenicBiihde funnel a ()
very usef ul gauge for tenperature disturbances i's the intihate association
with the car 6FHSER WS AeRe S fectge &ar qld At rdtesdiakysbaneeshl ood

fromtheipodys apdridi@®rabREAha P i JdiRIPLaRASE Bo d9ld ¥eLed to the brain by
FIG. 2B also shows a notably small entry point 20a
measuring less than 0.5% of the body surface which
corresponds to the end of the tunnel 20 on the skin 2b.l
The skin 2b is extremely thin with a thickness of 1 mm or
20 less compared to the skin 2 and 2a which are five fold or
"more, thicker than skin 2b.
The tunnel 20 starts at the cavernous sinus 1 which
is a conduit for wvenous dréinage - for the brain and for
heat transfer at the end of the tuﬁnel 20 as a radiant

.25 energy. Tumnnel 20 provides an obstructed passage to the )

cavernous sinus 1, a structure located in the middle of
the brain, and which is in direct contact with the two
. sources of heat to the brain: 1) thermal energy produc-ed'
due to metabolic. rate by the brain and carried by the
30 venous system; and 2) thermal energy deliveréd by the |
‘arterial supply from the rest of the body to the brain.
- This direct contact arrangement :-is showed in detail in
. FIG. 2C, 'which is a coronal section of FIG. 2B

corresponding to the line marked “aA".
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15 said vessels can.lead to a state of hypothermi a or hypertherm a. For

i nstance dyrd ng. sure to cold, the body is cold and col d bl g/ f ogmode
body is cawdliebgyﬁ%ggt he brain by internal carotid arteriBST/BR003H238Nnd t he

cavernous sinus 1 is the entry point of those vessels 8a, 20 8b to the
brain. As soon as TEfd #f od8 re&eReBal heeetimsy ndusugihnudel cavkenous

correspondi ngsthgs Ml BNeHIY: StAt 854 e f.F ferr ‘ t l_and to the
skin surface at the end of the tuarlln%}}, %?gviesr&ir%gt%lﬁgré@gkrle%gggf%needi ate
al ert even 255B2F®7 el? helttd witdodranoudi bppBufedmt hheugbind 4 hend br ai n.
.The sanme appl Egsnt @nhoL,BLEOGL f QK ce _.generated during exercise which
can lead to a 20mfol d ﬁgat prod%%%@hﬁgo%peé'r%ed"et OE aseld e, S heat
carried by veskl#arsa tigmad t enewsdier riawnt 0 Hradncavdenods $j nusrdm 30 and

.can be nmeasur gg t; fHhe, £0g; of ¢ t t . 1n. additiop, the thernml energy
generat ed by the b‘lr ainis cét?ritaga t)y;}’gggrenrdal f?/g%oﬂigpﬁ%%d -8?1’&"%%
caver nous si n¥steriiess 82 stdbuctande firiolhl ednois hbVesdusrdh oashin 57, 20110/ 2006

WO 2004/ 001373 -+12CT. £012382_ FI IS, thernal . infrared i mage of
the human face i vd#cﬁgfgtg%ggggbn%?’r y&df %ﬁgeeﬁﬁs&os?ﬁga%%eqndoﬁn the skin
can be vi sualitdgatEheonhite wirtighthes pavertafd neimisha .canpaatiarea of the
tunnel. H i.S.a e i C di agram of an _exenpl ary geonetry on the
skin surfaocczie %’lt%th?ﬁe tgl% %a}t(?%eéf%n%ag’le?n?ﬁﬁ =30 =\ 1a?;€e'ée 538 Re t unnel
50 has a roumnttrghapeefullheghager dbr aspepbr2duber deesuirbBencdippes |dnd margin

58 and car un%k’%i%g gf thgce%g. 60. The tunnel extends fromthe nedi al
canthal area "AES ARECCID-1Pber it eF P8 63XPR14 RECRTEFRe BPr ojf€ction. The

iinternal ar edfeofcatrbeiuanetr 56k | Adyde Hehe1 GRNEHAIm AHRA JRly, t Raamai n

entry point d the main_entr oint _as shown in FIGS. 4A to 5D. FIG 4A
is a thermal %%analmglugg ioﬁ&é%ﬁa hEUETaE OFlivereinhA FhEebsAdM RY a 15

general \Jbewsefidt hesgmils ebiry 1R@iaNt t&f ot harhE@i of  hypothermia or
'hYperthermia; For instance during exposure to cold, the
bedy is cold and cold blood from the body is carried to
the brain by internal carotid arteries 8a, 8b, and the
cavernous sinus 1 is the entry point of those vessels 8a,
20 Bb to the brain. ' | -

. Asrsoon as cold blocd réaghes the cavernous sinus 1
the corresponding thermal energy state is transferred to
the tunnel and to the skin surface at the end of the

B tunnel, providing therefore an immediate alert even
5h) 25 Dbefore the cold blood is distributed throughout the
brain. The same applies to hot blood for instance
generated during exercise which can lead to a 20 fold

hgét production compared to baseline. Thié heat carried
by vessels B8a, 8b is transferred to the cavernous.sinus 1
30 and can be measuréd at the end 6f “the tunnel. 1In
addition, the thermal energy generated by the brain is
carried by cerebral venous blood and the cavernous sinus

1 is a structure filled with venous blood.
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terrp'erature tunnel, seen as white bright points |ocated nedial and above
the nedial _canthal corner. FIG 4B is a diagramshowi ng the genegal 02306
70 of the WWWIFHY point and its relationship to the @EENBGEIMEEERI

cant hal 20 corner 61, eyebrow 64, and nose 66. The general area 70 of the
main entry point progsd des ame, ar egharidl nbfradaid hindge r epr aducthiuveanof t he

brain tenperature since.the area 70 has less interfering el ements than the
peri pheral ar %%E%f T Hgllf:%nﬁe?. I58MEr Y Y FR© aePﬁePﬁﬁlt?’i%nftPEPg Phage of
the front of théeskinmetarf deevistiblihed riTgat whjeeChboseh: SN Geithfe Mai N e

entry point oéhthe Ill)raj%P t enper tu%e tunnel] seen as_white . bright spots
above and nedt3T TETHY nBtial CtahbhaF Rot nef ICwW R dPodeFRFRELEE is easy
to observesSt hatagden H¥ radi edmplRewegachetdl BE $0kelskihr @m-khgeskin at the

end of BTT. FIG 5B is di agram showi ng .the main entry point 80 _and its
rel ati onshi p Y% tar{’éPr‘f’Editg‘F tY ’P%]ai 5 r‘ﬂ?%lB.lL BFrect ey diseGURERY eyel i ds
62. The mai n ®=ntkys poi ﬂbuﬁ@-ﬂﬁape’is e a%@@l%éﬁeggl 0/ 2098ers the

PCT/ US2003/ 012382 the tunnel provides the area wth the nmost faithful
reproduct i on ‘GPThe 5 dMFF & pE AN LR URCE St E HleatBD evasé? heTreast

amount of i nt@rdieni Rk teheEeRtsmaRtel heqtsl VELSBhY REESEDS ALl fhduman
bei ngs at_an equival ent 5 anatom cal gpsi tion. The main entry point 80 has
the high¥st YRR SYgdidnt2 dower harB hike PrsUecEEenwi th high emissivity.

The main entry poirAk 8fhdesnk@CalehONot NeneSkifnidy t B Syperj@r aspect of
the nedial canthal area 63, in the supero-nedial aspect of the nedial :
canthal 10 &SPRERleares| Bpr 5the snain RG] Doditaped thageabh enmersi de of

‘the human fageihp ELGerRfaWith e | aht ye £l gsed LPOM NG ghsldle View of )

the main entry point of the brain "tenperature turnel, 'Seen as bright white
spots. It cadnfearsd apsgeved whehsdhesed dhes Wiwmmn tfrca ashavingpaner s

15 general view of the main entry point of the brain
temperature tunpel, seen as white briéht points located
medial and above the medial canthal corner. FIG. 4B is a
diagram showing the géneral area 70 of the main entry
point and its relationship to the eye 60, medial canthal

20 corner 61, eyebrow 64, and nose 66.The general area 70 of
the main entry point provides an area with more faithful
reproduction of the brain temperature since the area 70

-Vhas legs interfering elements than the peripheral area of
the tunﬁei. _

25 FIG. SA is a thermal infrared image of the front of fu)
ﬁhe'human face with'the right eyé closed showing the main
entry point of the brain temperaturé tunnel seen as white
-bright 'spots' above and medial to the medial canthal
corner. With closed eyes it iz easy to observe that the

30 radiant_powe; is coming solely from the skin at the end
of BTT. | |

FIG. 5B is a diagram showing the main entry point 80
and its relationship to the medial canthal corner 61 of

- closed eye 60 and eyelids 62. The main entry point 80 of
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coming solely fromthe skin at the end of STT. FIG SD shows the nmain entry
point 80 in the. superior aspect of the nedial canthal area aboxge/19¢2006
medi al cant™MPA0¥YHBr 61, and al so shows the position of PCDUSHIBOEBSN Y
point 80 in relation to the eye 60, eyebrow 64 and nose 66. Support
structures cafhprepimselly posridean tBenSHred Neofls @het opodd tlAecHBLD entry
poi nt of the Lunne hecause the main entry point is conpletely demarcated

|
ARanar Ke 1 %n %e LaPHHE stﬁﬁ’?&FgE‘Sr‘? sSHOST t FoRed Eh Bhe nedi al

by anatom c | an ha
cant hal skin haea wlkovkeddre amedhal smnthabredringy andmesiscemy tpsthe eye.
Al t hough indicators _can be gl aced on support structures to better guide

‘the positioni Rg* G- PHEYsEAESTRE (He ¥ht VW3l bejrgserte 25f aéVakePous

per manent ana&naldnilcand pekisida. al Tiwswh g REGE,Se IR t BONIHAG bynany-
‘hon-technical, . person. The main entry point is the preferred |ocation for
the positi oni RFBIST HeteendGAIBYE t ReVelippBRt hat r acBUFEace huith haigh acenent

of a sensor iemdyivpayt ahet heiendeafry 59MR 209419040373 29/ 10/ 2006
PCTI US2003/ 012382 t he tunnel including the general entry point area and
peri pheral ar&&Throbi tS EPPRFICH | JSRART LPL Nt ureRint sCaredpEndR¥RR on t he

application. &e gegree cg‘ugé&s%éhm nepded ber die pEASH egBQty i |

determ ne,  t he positioning of the sensor. In cases of neuraosurgery,
car di ovastul & u&gr §try, or other surgical procedure in which the patient

s at high risk obzbypethebmbacheriigl | SRAM: O BAIRCIIE dne LIGPId or fed
position of the sensor is at the main entry point. For recreational or
pr of essi onal orkamany Erear yin 181Gor I6ér switleyvéhedelelt | eyeatchmm®, wrinkl e
gj_][_,ot ect 'e on i()][é.htoﬁrgﬂ Lﬂgéelinggiaévheoﬂ iééq%, m%}g%i ghQP;'(“goiﬁé‘eofseaf‘eorbﬂ'aflan. part
provi des the preciston needed for Clinical
usef ul ness. PEMPATABES dameelw shern hes pgroightt whavenspons. FItG.caf bies
15 observed with closed' eyes that the radiant power is
coming solely from the skin at the end of BTT.
FIG. 5D shows the wmain entry rpoint 80 in the.
superior aspect of the medial canthal area above the
medial canthal corner 61, and also shows the position of
20 main‘entry point 80 in relation to the eye 60, eyebrow 64
and nose 66. Support-structures can precisely position_
sensing means on top of the main entry point of the
tunnel because the main entry point is completely
7 demarcated by anatbmic-landmarks.'ln general the sensor
3») 25 is positioned on the medial canthal skin area above the.
medial canthal corner and adjacent to .the eye. Although
indicators can be placed on support structures to better
‘guide the positioning of the sensor, the universal
presence of the various permanent anatomic landmarks
30 allows the precise positioning by any non-technical
| person. ' o
The main entry point is the preferred 1§cation for
the positioning of the sensor by the support structure,

but the placement of a sensor in any part of the end of
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15 a schematic view of the face show ng the general area of the main entry

poi nt of the tunnel 90 and the overall area of the end of the tagngh/ 6
its rel atiWesHP40083t he - nedi al canthal tendon 67. The erdrak2dobeizzsmnne

includes the general main entry point area 90 and the upper eyelid 20 area

94. The area f0ehasinaeperidienahgPehbi Aerida1Baidt ry1egbale capthaknar eas
have a nedial capthal tendon and the Ileft eye is used to facilitate the
i 1l ustration. PYhEPPed af* CanPRaY e dehi Bicddivs desefiul trRasHE@mERteant hal

corner 61 of @ypelingThen! afie MBsfimlcacanhhalrendon &7 b 25<diagBhrical ly
opposed to the right_nedial canthal tendon as shown by broken |ines 6la
whi ch begi ns BEe¥9ft fR¥ithe "CHPREFTHIC tHd lePeteIMing t Heri IPIIFEORANE entry

point is sboye the wediat.cant bakel eBEORHE0s3LHE-Pf é%i&%hﬁ?ﬁfa' _area
92 of the tunnel is located bel ow tendon 30 67.”Fi'g. 6A 1s a schematic

di agr am showi ISR« By SitbesgFerdinadelpyocklargpperviiigurtbesboidente area
correspondi ngi$ ot R BT 11 oFNE b ONRS (- il0 k€ cespondi ng
-to a netabol i:(L: tunnelgﬁll-?%lmhi (C:%_ ﬁ%% V\Drﬁd&4%80?§;g&§%ﬂ(}}gﬁgghg%£g' _
PCT/ US2003/ 01938 Phaferygdspreptt ipppaf ¢yel sdnapeaid 3 diiek mever eayeyi d area

L3b seen as | pai Dl 3Leasal Mol Corl U QL IEASIT G NR00DEEPL T2l O

of cheni cal substances the tofa ower 1 ory.y‘The key
aspect foll 5 wrkeireal figyefuldespettrnssbphonrrasuiekibat prosestigpmal in coni ng

fromthe cerebrals ea ction.pr__elimmpatiagn _of i.nterfering
Fhe i 8 PR bR Bler e, chie] e¥Bhodd MLl %,

constituents, andthe maih “1ht
renovi ng adigsageoffi $5ueenddof eted \ﬁu@@eip&pé;a;brévn‘fctersrmhbopreaisicﬁd 10 by a
o S D b B USSR CR, TR ST Cn e e )
field of view thah matohésnde) widthalther priespatt ihbkentbémbaiia, tainel 13
for Captqgin%_%@%%ggLiéag£g$i8 .gﬂéngégg(gﬂgﬂlgglt%g'general area of
the main entry point of the tunnel 90 and the overall
area of the énd of the tunnel and‘its reiationship to the
medial canthal tendon 67. The end of the tunnel includes
the general main entry point area 90 and the upper eyelid
20 area 94. The area 90 has a peripheral portion 92. Both
- medial canthal areas have a medial canthal tendon and the
left eye is used ‘to facilitate the illustration. The
‘medial canthal tendon 67 arises at the medial canthal
corner 61 of eye 60. The left medial canthal tendon 67 is =
25 diametrically opposed to the right medial canthal téndon fg)
as shown by broken lines éla which begins at the medial
corner of the eye 61. Although the main entry point is
above: the medial ~canthal tendon 67, some of the

peripheral area 92 6f.the tunnel is located below tendon -

30 e7.
Fig. €A is a schematic diagram showing two
physiologic tunnels. The upper figure shows the area
correspondiﬁg to the BTT 10. The lower figure shows an

.area corresponding to a metabolic tunnel 13 which
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15 To determine the thermal stability of the tunnel area in relation to

envi ronnmen . s, cold and heat challenge tests were perfagedy /Bdde
7A and 7B g@emﬁp@g%m infrared i mages of an exenpl ary eRGEFFW8HII238how ng

the human face before and after cold challenge. 20 In FIG 7A the face has
a lighter appeBFanées v urRRSFparvedidoarss, 1 7B ap cloveg daekéd aneicating a

| ower tenperatyr 8eed Ngs n@%ﬂérbj;llgeev%%%ﬁhaﬁ grcoveral | pahi ¢ gurg{l;%ear ance

as conpared to the nose in F has “an overal'| “darker™ appear ance.
Since the are&8¢oufenerRntnesios t gAnekhémieal hevulmtegakat otear tetabvenous

.shunts and i pLerd.ariBg,cpnsisit ts. i ing fat he changes pn_the
tenperature of the engi‘ronment IIz![iltlf%e" ?‘8??%%#&1 in @?iél dkegr 4T " Thus®™
measur enent s Fhikimsde mesfubnnspectmasoplct heeadaomments| edt t hegeslvi r onnment

instead of thgspgidale pady, t ure. The pon-tunnel. areas of the skin
in the face and 'bd;dyrcan clﬁegné:%g{%g%ﬁ t B Ehaffs T amfTE PerPerat ure. -
The radi ant p®hetingftiphe ¢finAstenfea remabnstitsteallse amodt hdee msimo change

in the anmount;of . gl empnstrating the stability of the thernal
61 207 10/ 2006 VB B500R 0675 Her Db oAt IS A L ot YeRer iba.
Changes of thedingiser 4dpaté cmmditreddigihgnapbctaraa floymaecon vhen ddhe brain
t enper at uy, ang iLch provides,the nost reliagble neasurenent of the
t her mal stdealtu o? S’%Sc\ﬁg%‘g‘f“g ?—'Ff% %Bﬁ #18p HELHE fHIC | At IBd i nages
of the humamdesueevénts f tenebe adbjends. Shomé ngetidsrd UnRSIorFREN byas bri ght

white spots i he,nmedi al canthal area. The physiologic_tunnel is

uni versal |y psrr?'lgégﬁ{: is??rgf:f:ur? ndfGi §FaP5°dedhi e VEn A ofteldarfatiisis and
éthnic 10 di fthetenaeshed| GB. t&Aland 3B paect BaembriwéT 8¢ ediig@gg s show ng
that the tunr}%lr seen as brtih(%%tn ite spots are equally present in animals,

illustrated Her e“BY E Hjiatieratagy FGtwBEl Apreferred
~enmbodi mert includes @etepperat ghe SRIHal stability of the tunnel

area in relation to environmental changes, cold and heat

challenge tests were performed. FIGS. 7A and 7B are

thermal infrared images of an exemplary  experiment
showing the human face before and after cold challenge.

20 In FIG. 7A the face has a lighter” appearance ﬁhen
compared to FIG. 7B which is darker indicating a lower
temperature. The nose in FIG. 7A has an overall whitish
appearance as compared to the.nose in FIG. 7B which hés
. an overall darker appearance. Since the areas outside the
{m) 25 tunnel have thermoregulatory Aarteriovenous shunts and
- interfering constituents including 'fat, the changes in

the temperature of ;he.environment are reflected in said
areas. Thus measurements in those non-tunnel areas of the

face reflect the environment instead of the actual body

30, temperature. The non-tunnel areas of the skin in the face.
-,‘and body can change with the ‘changes in ambient
temperature.‘The radiant power of the tunnel area remains
stable and there is no change. in the amount of thermal

- enerqgy demonstrating_ the stability of the thermal
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15 with nmeasurenent processing electronics housed in a patch-1like support

structure which positions a passive sensor directly in contact gzt
skin over Wﬁ’emW‘g'ilW* temperature tunnel site. Accordi nngCT/Bsmos%;s?zgwam)OG
perspective view of a preferred enbodi nent showing a 20 person 100 weari ng

a support strectastorconprisedabbaa [EAaGHed2 ofi (thedmpads Haiga8eBs0kt 74

posi tioned on kget%%innl at, t he nﬁnd of the %unneg. Person 100 is |laying on a
mattress 76 which "E8AFhI AECEnt R Ha &I VeS82 takt G (T YREEAREERRa 78 to
control | er unchaBdfem tdhishi @pradvicesat ebél absB84rDIABIN Gaidsgewehb device 88

by 9 cormu‘nig éi n Iige 86. Exe Iar% devi ce 88 includes a decoding and N
display unit atetHeEHedsPua-dt e °R¥irsing station. It is understood -

that contr®ller. uriics84 sabesidda® COEMUNGHING B 288! em8§es C8A 8hsO
contain 30 vvil[lel ess_transm ssion neans to wirelessly transmt _the signal

acquired to a Vet &N SHITERFEL| ABDEETVR FHRIGY frheqienasl psaer ed

tel emetry sysienmbregi UsRitHCspaEE iant@MNand®id10 t4dnaier agaer gypénd to
recei ve the signal. 62 WO 2004/ 001373 PCT/ US2003T 10238 O 2 0 0 6 The

antenna 78 c degifed HHHRE! ndt r S4RLVEHNAIAY, ARAREDST aitbedalhnd t he

like in a remua@ibli@uals PeEeBpent BRABSHic TheaPigf f5{Ld gaROdLpRRAL. i ncl udes
athin flat antenna encapsulated by a flexible polyner that is 5 secured -

to a matttessHf@reacadt §I€Fnl 8t 8nfh&Bugee. tharmat narfyeryd aimagr enna can

be placed in awidgeanadUHRUNANRR 1t N patd LNty i SHCNIRS ONs @i Ol St and.
The antenna 78 and controller unit 84 works as & receiver/interrogator. A
recei ver/ i nt¥RP3GHt Freapnbnid 78ningl caubkluREagedr gieneo badieateatt o the

mcrocircuit ptgt heapatfh ol dog  REsceng0y woul d be stored and converted faor
use in the tenperature msasurgrrent process and in the transm ssion of t he

data fromthe paté&hpydemrahemodénaat 78:1@kce as tfehiperehtirensemgorhas been
transterrgd, \n;iQﬁ. 1Re .lﬁ;eqrfénrtcu. %o Eg s} hee e RENt c‘%&‘éjeéraﬂ?mé s that
data to the recei VGI’?AI nt errog? or an? na ]%%WI PF‘IL Salta
- patch-like support structure which positions a passive '
gensor directly in contact with the skin over the brain
temperature tunnel site. Accordingly, FIG. 10 is a
7 perspective view of a preferred embodiment showing a
20 person 100 weafing a support structure- comprised of a
patch 72 with a passive sensor 74 positioned on the skin
at. the end of the tunnel. Person 100 is laying on a
mattress 76 which contains antenna 78. Wire B82 extends

from antenna 78 to controller wunit B84 with said

25 controller 84 - communicating with device 88 ° by ?w>

communication 1ine‘ 86. Exemplary device 88 includes a -
decoding and display unit at the bedside or at the
nursing station. It is understood that controller unit 84
begsides communicating by <c¢able 86, <can also contain
30 . wireless transmission means to wirelessly transmit the

'signal acquired to a remote station. This inductive radio

. Erequency powered telemetry system. can use the same.

-antenna 78 to transfer energy and to receive the signal,
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~data being processed at controller 84 and further comunicated to device
88 for dis rther transm ssion. The switching el enents dgypl 08
t he 20 acqﬁ!@?ﬁ@%géf t he sensor data (neasurenent of thBCT/BFagy )23&25\"%){}%
in a sequence so that the quantized answer is available and stored prior
to the activation Dt® &HEMMGi 8- ¢arrba reamwiedsitonasingttatess, Thuslohe two

i nherently i ngeapatobl £ BuPCOTES HEUEEESSEY! LY [Sle_ ox3pRnbegause they
are not active simultaneously. The -capggi H{t%/ ggrgﬁéebﬁlsFolri érrtn%n%%tmmni cate
in the presefit®%F- nélse Hrsigrrehpenbhdingyt " dpréadengs tiien spect r al
content of thentd@sMdd8laENEr QY R a_way;Lh woul.d_i nhepently. add
redundancy_to the transm ggi on whil 2' 30 réé%’é?}%bet IPeOlB’rmSBabH‘?tiy that the
transmi ssidn T&FHISFertoba Mmatbreset @ud byst hotr eceiibde/ itht etHegadar. 78 as
anot her  transid 81902+ Noise cause_the _receiver/interrogator
78 to transmt and adi_spl Ty r|§n(‘:EJ(I’:}?rg}é%étivoiLgnafq"or mat i 8?\?03‘% sPni FBY edtFea

transm ssi on ¥EFENEAisg, thP REG4100187 RET/AS2003gR23820:d. 2 0 0 6 can be
implemented with wgry g tiwe nts, .the modul ation purposely
spreads the transm ssi on\gg?llgr (5173\? aagﬁggo?%re°1 ﬁéct‘l“tf(rjﬁ ant R pgﬁviades- noi se
i Mmunity and radedveyéierecamaiorul Ai matel yehbi mreadugatoy i andaaingh 785

processi ng ang S y .low cast. Since the, energy to operate sensor
74 in patch 72urs?:(%rre@t feﬁlg\r%% hetoarﬁagﬁﬁgﬁ ©t rﬂ”c‘?liﬁﬁlgEHFF iR &&Fd patch
72 can be vemptshal’R.aftial enarghi woulsl zZise obtdhed paid hediR-ertRll dole furt her
mnimzed to tr smal | dinensions 10 by the design approach that
“places all tﬁg)épr%ggél)s(?né:em BT en 'B‘T’ast‘ﬁéa"%tl i PICSETSt R C ot r PPer uni t
84 )working 4&samsmiéseiaerof RRemassagi fgn e @aekhang tdeonkahnaf the
sensor 74 reggdesqriln tge %ecei ver/interrgogator } controller 84 powered by
commerci al |y avai 1Tabl e SBAEtE1Ts $B°%9Y b{i2AC Ref% efranthestete RFemessagi ng

protocol landmibeociontintol maked hehsenssuttmene di £HRET k¥asopidP! Led: bY the

MCU of contrgléer 84. .The circuit resident in the patch
gata to the receiver/interrogator antenna 78 with said

- data Dbeing processed at . controller B84 and further
communicated to device 88 for display or further
transmission. The switching elements involved in the

20 acquisition of the sensor data (measurement of the
enexrgy) -is done in a sequence so that the quantized

" answer is available and'stored‘prior to the activation of
the noise-rich transmission signal. Thus the two

| inherently incompatible processes succesgsfully coexist
?£) 25 Dbecause they are not active simultaneously.

The capability of the RF link to communicate in the
presence oOf noise is accomplished by ‘"spreading" the
spectral content of the transmitted énérgy in a‘way,that
would inherently add redundancy to the transmission while

30 reducing the probability that the transmission can evér
be interpreted by the receiver/interrogator 78 as another-

-transmission or noise that  would - cause the
receiver/interrogator 78 to - transmit - and display

incorrect information. This wireless transmission scheme
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72 is preferably conpletely self-contained. The sensing system 74 in the

patch 72 i ferably a silicon 20 microcircuit containing the o /tgi/9906
needed to @' (g"rmtm 3%he sensor, quantatize the data from ?%EU%HQ@Z”S%nCOde

the data for radl o frequency transm ssion, and transmt the data, besides
power condi ti éﬁiln@ewlrﬂ@&emsmaﬁ?m mghltaery sfatveacomw oklefemsor , S‘hpport

circuitry, RF d aI 05|ted on nm cro-chip
i ik %It to, be %{'Jlﬁoat%l n ‘EIQSQ i%es ana at very

die/ allowng the circ rge quan i
| ow cost. Thi &cxedrenthe sﬁﬂﬂc@ﬁ-‘emabhyl tsed poovidish n@passiiwauanty aghdve

devi . Th I f
Ut ot IR ragr?}etcy(]ﬁl Bt 5 1%9?31@ e tp\zggd‘éc?]urseaacf)gg‘g#es t he

automated. Int nual node,” an opera suCh

syst em and® RFPmra'wmgadndtelmst &t Bheenyclocigaati.t in the patch 72 woul d be

stored and converste heUSE in_the tenperature mea rerren roc,f: and
e 01373

in the transnission OF S dara®r o tTREAIF %8
PCT/ US2003/ 012638 Xir 6y EﬁQGaBﬂ-a_nﬂEO tehe talt &ﬁlﬁﬂoaﬁrcﬁmﬁns uﬁﬁ&cpﬁfl&hener ay

has b f d (| t 1 d d ke th
moasur onent | o) CPRREn E PREVHEY 1% ARG AR ERne L 70 HebdrVBR TR

controller 84vaxﬂdae>sd|ﬁnita¢edmﬁﬁnmex@:npw ExOren 19 hmal L t dh@lﬁli&m ay ‘at

t he nur si ta audi o "beep" Wi ll signal that the data had been
recei ved ﬂg 3:’ Lﬁ%aﬁésf‘%? FPERPAFR fhatad e odeh® t RECRPHREE i s

done automatIﬂlﬁ:lclt)ioﬁndfCt)hlélKFJqLi&lky iBYy chat esh0gatliean undt BL es@tkfdgLquency
and an al arm bei ng activated when the 10 reading is_outside the specified
range. A tri-fi fersSSHAET - akFeMessegingl BEOBRCs dptiniehs heentidiatr Af er 84

set up to seakChdeh@obhreg diaBNgioHNsiOf ¢he AULNRRLLYInRSSHE Ac_fatdiontl nued )
and proper connection between antenna 78 and senS|n? nmeans is also:

under st ood t FREEFRLISE D rPoMSTEegn bifp gamaeec Fallve @ved IRPLl e neryeries
Accor di ngly, orhgy areayr¥hi!| FHid98fe tHie r&é@sraﬁtxﬂgaﬁﬂ':’ﬁcg&ala drfi g/t ure

measurenent, and then the unit w il nodul ate

control of the sensor 74 is directly controlled by the
MCU of controller 84. The circuit resident in the patch
72 is preferably completely self-contained. The sensing
system 74 in the patch 72 is preferably a silicon

20 microcircuit containing the circuits needed to support
‘the sensor, guantatize the data from the sensor, encode
the data for radio frequency transmission, and transmit
the data, besides power conditioning circuits and digital
‘state control. Sensor, support circuitry, RF power and_'

25 communications are all deposited -on a micro-chip <die )

dllowing the circuit to be built in large ¢uantities and

at very low cost. This scheme is preferably' used for both
passive and active devices.

_ . The operational process can consist of two modes,

30  manual or aﬁtorﬁated. In the manual mode, .an operator such

as a nurse activates the system and RF energy radiated to

the microcircuit in the patéh 72 would be stored and

ﬂconvertred for use in the temperature measurement process

and :in the transmission of the data from the end of the
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reflected energy. This reflected energy and information wll ‘be received
at the intg ator..and displayed as 20 above. The present inverygpp /3o
provi des awﬁ%@ﬂ% 1% nmonitor] ng bi ol ogi cal paraneter s,PWH&WOQ!@n}ﬁ&li ses
the steps of: securing -a passive sensor to the body; Il generating

el ect romagnet P&Tr &@i diieorpitesra "@eviCoee FufFiséconr ednengat hazwabeeomne of a

mattress, a pklbayt ANtd o edd MR & hetia) IS ALidG.2 8l gnal frem sai d
passive sensor; receiving said signal by a 'device SECGFHEG o 4P east one
of a mattresshake pil¢ gieasmgentet famhe rehsaibedhe duich det ehei ahtgnide val ue
.of the biol oghgal.payaneter ed an said signal. - It is_understood
that a variety of externa dpg\%giflb&:l&fr ggsigugﬁ ggsgﬂraé'cetq' 5ﬁﬁgﬁ§?‘?11£&ecoupl i ng
can be usedl PRclaudbagk-dntul LCm- dappiciyt oat C haregashiesingr neddtyicnhr augh

.el ectromagnet [ ¢q4j ndygt i qn plin nd cells that can be 65 W) 2004/001373
20/ 10/ 2006 PCI1 Ligzg?c)‘%é/poﬁ@gg Fé ﬁ%\fg%batbyt%% Jé&aeﬁlﬁ‘gl 688 FEGEHYed 1t is

al so under st@ed ishateaglye fsensiewy. SyStem aanchers®mide),y tHei yedceddy
ultrasonic S 1 is a.perspective view of another preferred 5
enbodi nent Shim ﬁ%ll‘:‘ié Sa‘é%%‘%aetr“ ai% 1= pcé%"gd-ﬁmfﬁﬁg}é\eg?’i MG e LT R
structure congr irsesetf fpatednd? atd hnaa3ensobeindl addi@nsait figdn the and

digital cgpverter. and control 7 posi tiponed on the skin at the end of the
t unnel . P@so%ead’fﬁg i§ ﬁ%é\??%egtg‘enéE’EFéEéeghTW%lAké:r&édé‘H?‘é?ﬁ%Pa% and a
10 pendant i rarthanaeckhaakseopdk Suhsi tdiR GoRt cehkep1 Lkh tgankke ARSI t i ng

unit 79. Sol ar..Ge I S, and/gr specialized batteries power unit 79. Patients
are used to CAFFYINg Hol EBFe R PERFHPanicatis AREERRDI HS HIGUNE t hei r

egks J and dohitineabodindeRiroper fdohnwetkomi barlbaseaguesept by Lagused
systens. It is understood that,_ besides a necklace, a variety of articles

i ncl uding cl SEACAGTaREPRY ettri It deéviddee canlepatasdothar dhecanser/
i nterrogator cand wbiSlate reflected RF energy. Accordingly, the

energy will trigger the unit to acquire a temperature
measurement, and then the unit will modulate the
reflected energy. This reflected energy and informatioh
will be received at the interrogator and displayed aé

20 above.
The present invention also provides a method for
monitoring biclogical parameters, which comprises. the

steps of: securing -a passive =sensor to the body;

- generating electromagnetic - radiation . from a device
" ) . 25 secured to at least one of a mattress, a piliow and the
~ frame of a bed; generating a signal from said passive
sensor; receiving said signal by"‘a device secured to at
least one of a mattress, a pil_low and the frame of a bed;
and‘ determining the value of the biological parameter
30 . based on said signal.
It is understood that a variety of external power
sources such as electromagnetic coupling can be used
‘including an ultra-capacitor charged externally through

- electromagnetic induction coupling and cells that can be
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capability can be easily incorporated into cell phones, note book -

conputers, hand held conputers, internet 20 appliances for connegj)g /t
the intern¥C204W1{He |ike, so a patient could use hi S/héTfUSB]OB/Op)l;SE’IéZ(?rOG

conputer neans to nonitor his/her brain tenperature. The preferred

enbodi nent s shewm¥ged-| G 18&nandxtérnzian peefErsahiry prowvi des coatssuous
moni toring of fe t erature spikes for any surgery, for any
patient adni t?edéllt?%to(%r%gégft g{@ FOr N ssig'r%eﬁoﬁ%n et i%?ﬂost%%%dréﬁﬁﬁl ances,

and to prevenbydeldtzlasenihavavdy. hospital infection. Hospital infection is
infection is the

an infection acqui uring a_hospital stay. spita
fourth 30 cause ofFr e'at]% i ?‘?}«EP?}?F%?%IWFI Ivslel"?‘ogg ﬁ‘?é’ﬁkiéo,l’éééerﬁ%@i ents
annual |y ahd eusuhisepti mhoiviyg die tDodackiafailear lpersdantiobi Gaki ory of fever

or tenperaturge i kes. The resent inpveption provides tinely
i denti fication %‘P °€S‘hesrt§ﬂs\9tg‘f’eaﬁ°‘“i°ﬁ$% i 8h Hg‘éc*to7224wh‘b‘hraaﬁ?’é%’fed 66

WO 2004/ 001378 ,20{xHW=AG@6er PCT/ US2H 031 £ik238 2 dmRirt 8F i 883 Okcherperaf ure. |f
there is a spioksel i.n ée ergt ure.an alarmcan- be activated. This wll allow
tinely identi®9°¢atP8R%AR FreaPhiht 2bf EhEnepds 8&t £BA HHBRel huBepi®vent

death or costiop denpkbehd NSk AcaSwEeSh i GoBshCkkbal,Ccop Qeew due t
delay in treati in-f,ect_hous processes. Besides, said preferred .

enbodi nent’s PIEOFRE 1fehRE REFRIARR MAIETs FFeef RORFTOH SRy Withomd

i ncluding dwrepgmstespd namfier 9ot h ghizkdr e 80d Agylts. sFLG12Ad S a

front perspective view of a preferred 10 enbodi ment show ng a person 100
wearing a su%ﬁ&F?rlé?rBE‘t’%’F eUBbhprPsedasfieatpaesh 1BAnitich ¢amiiydaudor |ines
111 and cont gbdi8g @b AGding 888S 951 ddQRe i Skidat the end;
of the tunnel. The pref erre_g en%ogiéﬁ%%%ﬂgﬁoé\ﬁmﬁigngﬁ@& rl]'gh%olr%\ﬂ%é% o
transm tti ng®Rearfdifosembofimgpncess nfi theansl 108 thADhosey eswsrentdy and

sensi ng neangsd@2s¢enaect ed by Blrﬁgzléltgoﬁi Eﬁg%"t é%@i&e% ROVl . SQurce 108.
For exanplethetr_ansmttlngm)uecanlncue ) '
a variety of articles including clothing and electric
devices can be used as a receiver/interrogator and this
capability can be easily incorpofated into cell phones,
note book computers[ hand held computers, internet
20 appliances for connecting to the internet, and the like,
so a patient could use his/her cell phone or computer
means to monitor his/her brain temperature;
| The preferred embodiments shown in FIGS. 16 and 11
can preferably provide continuous mbﬁitoring of fever or
25 .temperature spikeé for any surgery, for any patient i;)
gdmitted to a hospital, for nursing home paltients, in
ambulances, and to prevent death or harm by hospital
infection. Hosbital 'infection isr an infection acéuired
during a hospital stay. Hospital_infection is the fourth
- 30 cause of death in the US and kills more than 100,600
patients aﬁnually_ and occurs primarily due to lack of
-early identification of fever or temperature spikes. The
‘present invention provides timely identification and

therapy of .an ‘infection due -to 24 hour automated
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sound or light. FIG 12B is a side schematic view showng the flexible

nature of fhe support structure in FIG 12A 20 with flexible cimnguigtd®os
connect i ng‘% @Pﬂ@ﬁg@t roni'c = package 103 whi ch contai ns t PERERINIANE2eANS,:

processing neans and sensing- means in the right side of the patch 109 to
‘the power soufM@81tQ8inc tdfe kefmpesatherenf g€ dthpatchid0% Bedrpl aiy

enbodi ment s wick| be, dgscribe |.n_accordance with_this e r
enbodi ment for Fenper at uArrg gnle%léﬁrce:%%n ¢ N Wﬁ'é%%ml Téh%r&;’/i(iggﬁg% by the
BTT i s sensedtbyeineidempdiabtionsangonrrtPmsnehofs an imifeical sk eahder mi st or

t he t hernal . ener sensed. The signal

whi ch producesg Sj |_.representin _
is then. cohvgpﬁzdﬁ%%ﬁ%ng %lgaﬁa?ri ‘?%?%tciogﬁﬁéﬁﬂtjp‘?rbsc 5y pPbtessor 106
usi ng st anélar dhplocessi nprf ecctet duri Bbngel e i efpeldidy e.nfhbrexesapl ary .
.soni c- based s r ain _tenperature_neasurenent conprises a

t enperature sé%é%%ge%i'ng%?mcdc?ﬁpl ."%%1‘?. PEﬁF??r%clfJgﬁE‘POﬁ?"B%‘é%%i R§°¥id2ui t,

out put = 67 i wn@@hsl 0f @006ontABR0R4/RAER7 WRCTLHHEZP03L 053382 ieeupkimng Circuit

" a paton 1087 EeHPY O B BCERGI T 06 ACHIThe meqi Al canthal
area responds to VaIG.atkanssi & Brahe ﬁ?f%&t&ti%ngehfbg 8 &ﬁgﬂé@ﬂg? as
ed to a Signal Processor circui

a DC vol t gge si |'”. _This_signal, cou |
via an | n%t %%%Jpqﬁimﬁﬁtﬁ F}Eﬁ‘?”tq"q s UsFTE noddPat ¥SRREPS ouR pubERFCO%N »

oscillator, estguctargukbinyiided O6f Chr pHEER 10b €%9eh €¢hil Ca SYSt BITR.operati ng
in or just abfve tge 10 audi o frequency range. The oscillator is a primary.
conponent of e 2&CRATEPIHRG S& 2CELERI FenaMe 193 pesibioneheormadid | ator is

- i{nput to an amih fdterheWdingh J£s dRe c158e0Nd TRk B@E)‘:‘eEPQ@OQﬁ]B'&dﬂ 4che St gnal
_Processor. The anplifier increases the output |evel fromthe 15 oscillator
so that the C?g’toﬁ’ﬂt oF tRECSi ghtll PF¥eteiesor trgnsmitting means 104,

15 processing means 106, AD converter 107 and sensing means
102 connected by flexible circuit 110 to power source
108. For. example the transmitting module can include RF,
sound or light. FIG. 12B is a side schematic view showing
_ the flexible nature of the support structure- in FIG. 12A
20 - with flexible circuit 110 connecting microelectronic
package 103 which contains transmitting means, ' processing
means and sensing- means in the right side of the patch
109 to the power source 108 in the left side of 'said
o patch 109. Exemplary embodiments will be described.
ﬂ_) 25 - In accordance with this exemplary embodiment for
temperature measurement, the thermal energy emitted by
the BTT is sensed by the temperature sensor 102 such as a
miniature thermistor which produces a signal representing
_ the thermal energy sensed. The signal is then. converted
30 to digital information and processed by processor 106
using standard prdcessing for determining - the
temperature. An exemplary sonic-based system for brain
temperatiure measurement comprises a temperature sensor,

input coupling circuit, .signal processing circuit, output
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sufficient to drive an Qutput Display Crcuit. Depending on the nature of
the Qutput Display GCrcuit, e.g., an audio speaker, a visual L 1 §p!

or other p\:’f%ﬁ“&’@”@i splray enbodi ment, an Qut put Coupl i_ngcmsmgbg?zﬁgigggqyoes-
utilized to match the signal fromthe Signal Processor GCircuit. to the

Cut put Di spl ago@pliow t . cEoeudn Quingut obisyd ay Qispeeit tditcdiequi rgs a
digital input_signal, the Qut pubJ C?upl ing Crcuit maght include an anal og

to digital (NDESHNE CEPSCFr Pt ¥ pC LSEQE D 3‘11_25 PREERI 199 s the
remai ni ng pripkreed apoentsudtadee o3 ghal skRhoGes o Meduke. cZhendC power
supply is reqéjired to upEort t he operation of the oscillator and the
anplifier . intHe "SSERRPS PFBcERSI AT BSr ¢ PraERbboMRAHAtSTsf Whheh DS power
supply cars | nednidestltr as i mauneaBE bayidri es, a 30 light sensitive DC
power source, or sone cqnbinpation o the two. The m cro transducers, .
signal processing TPePeltPBAt cs COPPRRR nt Pt 8r $14Ral pdReFeseey cEitanithe -

preferably consi ragt edpas @auﬁm&%@&ke@i@p%i hdsea 1Y aEaiRE O fygi t or as
a hybrid circuit alone or in 68 2004/ 001373 01373 PCT/ US2003/ 012382

conbi nati on AYRUNVEMS AR P EECET c - Imec RafildlivibystensFireehnol ogy.

The therm st ¢iekeblageris ishBYUEmb O HePathiRGOMY Olher judii bpole® pnd Singl e
chip mcrﬁproces_sor which is pre- programmed to process the thermstor
vol t age i toaélddPgif’é?quseln&h’al T#ETh coffesmitdd lagor helpari eprtimaryreasur ed

tenperat ure iRndeHERESCE 14 SERMLLSI)oesBbrt BereBld. lsz’i'ﬁg'odtf%{ts agnder st ood
that different programmi ng and ~ schenmes can be used. For eXxarple, the

sensor vol t a§8ec&FCidlpeodi Aectinputedtd new eoplhéied cr wboolr okl aef or

- conversi on t @eoh&NPEhR N od] screen as a iR
tenperature vgl ae , . €. gTrl,f’r gg}ﬁggg&%@% tﬁ-’reﬁ%otsﬁgirwi ﬁ%ﬁ"g"%%r%é’%vor tage can be - A
processed throughthm ampl bliaw iniygdsds cormyeoteput ADEyebeffoom ithei s i nput

Lo nne 15 MheEPANOIdTenal el GLOERE! B! LAL LR 2 Ald L3 YLt onal
' suf_ficient to drive an Output Di’splay‘-circuit. Depending
on the nature of the- Output Display Circuit, e.g., an
audio speaker, a visual LED display, or other possible
display embodiment, ‘an Output Coupling Circuit is
+ 20 utilized to match the signal from the Signal Processor
Circuit . to the Output Display Circuit. For an Output
Display Circuit that requires a digital input signal, the
Qutput Coupliﬁg Circuit‘ might include an analog .to

digital (A/D) converter circuit. A DC power supply

25 ci_rcuit is the -remaining primary component- in the Signal ‘)
Processor Module. The DC power supply is required to
support the operation of the oscillator and the amplifier
in the ‘Signal Processing Circuit. - Embodiments of the DC
~power supply can include ultra miniature DC batterieé, a
30 light sensitive DC power source, or some combination of

the " two. The micro transducers, signal processing

electronics, transmitters and power source can be
‘preferably constructed as an Application = Specific

Integrated Circuit or as a hybrid circuit alone or in
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condi tioning, serves as the driver for a piezoelectric audio frequency
(ultrasonig) transmtter. The piezoelectric transmtter wrelesgy 899406
digital puPE¥%9H1Hat can be recognized by software in BCTAUSIR3/0REE20 Si zed

recei ver nodul e consisting of a mcrophone, |owpass audio filter,

anplifier, niepveomiyis erwinhi t ,MENS al (mienperatataidiadpl ajecandical
processi ng

pre-sel ected E%rg%[@t %‘?:hkSi’gé;{.na' ert mechanism The si 82:’1![ proges

software is prée pr ogramme to the mcrocontroller

receiver. Althoudthe heprnésent tolMenis a8 phpvt des deaintsdcontRElier

~transm ssion jn.the, pr eseépcgizgf enoihs.e, this garti cul ar _enbodi nent using a
m crophone as the receivihg UMt nayP JHHPPEGarEToal WatamBge%e i n t he
hospi tal skt tiregsimmed 36ot haredss zene Rbdratietber ensia a4 hihhe nany ot her

‘RFdevices ugually presen in sa'hd setting. The mcrocontroller unit
drives a tenperatire di'SPray orPealfrpss S petfg RBRI t BREEERESH

transnitter imedsaggdd tembthatise oM d&yreHIST ONS: I @RIy FIDQW & 1an be

used for 69 l;1%10/ 200& WD 2004/ 001373 PCT/ US2003/ 012382 vari ous patients.
A wat ch, cel |° phdie® anl the iR tondapbat dttiezent ereprareinamasl so wor k

as the recei \mlhenﬁﬁauhﬁ. bé et hetbreghRadbI@Nte H @ eAMbPUL 0 Pf add an®
to drjve a piezo-electric buzzer. The

m crocontyol l.er is. use C
fo | 155 o%[’iﬁﬁtqéfri V&L t YR eZR el B ri Bichesonriraldesl erfiort he user

m crocontro

of the heal t kcoheesieni iy a Yicmpakbofre | va il Sreshen bb diilon0h the
m crocontroller may be fed into a digital-to-analog 10 %%ir)\%};ertern DAC) that

transforns t HETEPYI 2ala derpesagnne v usm ehg. ni 28 0°0FtL r Oh| Ere tcxham
equi val ent apahag $90Ak « L 0hi is.u to_dri t he buzzer._ ln yet another-
efbodi nent t he Quttpht Q?’rl(t):a tth?D%E) sperl(!}sceﬁggg ;é%ra‘r‘? e%H £PaLeH g?nt hesi zer
chip programi@diital I®mgrper atfRbPpr dafcate audi dswaimputg e t BBeuser, for

i nstance ;gn Q&Q{.g(tz&tartolriie%[( of ‘ heat stroke. For a sensed
The microcontroller output, aftér additional signal
conditioning, serves as the driver for a piezoelectric
agdio : frequendy (ultrasonic) transmitter. The
piezoelectric transmitter wirelessly sends digital pulses
207 that can be recognized by software in a clock radio sized
receiver module consisting of a micfophone, low-pass
audio filter, amplifier, microcontroller unit, local
temperature display and pre-selected temperature level
_ _ alert mechanism. The signal processing software is bre—
; ) 25 programmed into the'microcohtroller'unit-of the receiver.
Although . the present invention provides means for RF
transmission in the presence of noise, this particulér
'embodimen; using a microphone as the receiving unit may
- offer additional advantages in the hospital setting since
30 there is zero RF intefferehce with the many other RF
devices usually present in said setting. - The
microcontroller unit drives a temperature - display for
each patient being monitored. Each transmitter is tagged

with its own ID. Thus one receiver module can be used for
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tenperature above 39 degrees Cel sius the nessage m ght be: "Your Body
temperature is H gh. Seek shade. Drink cold'liquid. Rest." For genpgyaigyes
bel ow 36 d¥§r28e002H3Cel si-us the nmessage m ght be: " Your BoOysengesature 1 s
Low. Seek shelter fromthe Cold.. Drink warm |iquid. Warm wup.. In another
enbodi nent t heaOigput phisisad t @ dwdneh,a cklyhtpHdn@)Smhhd erchePr ogkammed to
out put an apprg¥ri ate , 25 light signal. The_transmtter consists of an
infrared |ighR3Brad i thcd VHHTFAPRABR CAB PéRABelattr 85r £BENESCELIVRRBIt ai n

| evel . The |igbduisi.gnal will work as .a renote control unit that activates
a renote unit that sounds an alarm _This.enbodinment for instance can alert
the parents 30 durfng ERECRFHht SRePAYMFEtchi K8 s SPERPFng &hd hike a
tenperat ure spid@cofBreXesP! 88 uRedl BB 04 bhe:dlatderf Bhiztocal
reporting consists of three electronic nodules nechanically housed in a
fabric or plaStq c Hergepnsiehlers OPGPWD 200YY 99134 2WirGr2edectric

PCT/ US2003/ 012382 pat gh Q0. Weheh oDt aid arfeNSPLarhd? m%laa%%?g% on the

skin at the BTT site. The nodul es are: Tenperature Sensor Module,
M-crocontrol |EituRBdare, abd QRigg DAspiay Midid e Sugpaddi tobn- ttdh
battery. An glebbentfoitlerfinge k3 uged 5ihetveen Aanh.Aodyl e fQi the

- overall devi cé:L to prop%rl y function. The %:r(?%i gur at %oqnaof g?h?%g sygstem
‘consi sts & #ongerfersyBAChsthat chransfeumsactes] digitrl B¥ataaretonnl a

sel f-adhesi vg.pad..;1A i | ] n r.drj.wes an
audi o frequency pitezoe (;%(r:rtglrc?%g{i%f%&gngéjﬁ %I?ergqg?%{%@%%%%it% Il|oa\riovi des

| ocal report iwhgchotfs twrgsbrtat drévei tholuzgerecei ver. An audi o tone or |ight

wll alert the usep «?Uax%?{]ﬁeaf Lol %%%Q%gd&g%r SulBle J08, Eﬁr)regegfzgg work as
a chinme or reprodtctfon 'Oof  hAufan VOl ce.” Anot her enplary enbodiment for -
renote reportisngsedSteahsiet s Ofspeeuh symediasines whdpl psogGamsar thbdul e,
M cr ocont rsol I &r Mbdul_e, OJthut. ransmtter Mgdul e and '
1 otitput " an”’ appropriate audic warning to the user, for
instance an athlete at risk of heatstroke. For arsensed‘
temperature above 39 degrees Celsius the message might
be: ™“Your Body temperature is High. Seek shade. Drink
cold  liguid. Rest.” For temperature below 36 degrees
20 Celsius the message might be: “Your Body temperature is
. Low. Seek shelter from the Cold. Drink warm liquid. Warm
up'-u .
In another embodiment the output is used to drive a
light transmitter. programmed to output an appropriate
25 light signal. The transmitter consists of an infrared - 2u)

light that is activated when the temperature reaches a
certain level. The light signal will work as a remote
. contrel unit that activates a remote unit that sounds an
alarm. This.embodiment for instance can alert the parents
.30 during the night when the child is sleeping and has a
temperature spike. | | 7
' An'exemplary embodiment of the platform for "local
reporting consiéts of three.r electronic modules

mechaniéally housed in a fabric or ﬁlastic holder such as
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- Recei ver/ Monitor Mdule. Froma nechanical viewpoint the first three
modules arg virtually identical to the first enbodinment. El ectrgyeal/bnoes.
t he Terrper?ﬁwgﬂ@éﬁ?or and 20 M croprocessor Mdul es ar ePCHESDZGI23%20 t he
previ ous enbodinent. In this enbodinent an Qutput Transmitter Mdule

repl aces the pREFR0&E0} o¥hich GermhainDias Hensdvbdid2e. pos@uti pugéd Toanshé t t-er
Modul e is designgd. o it Ll wrelessly the t erature results

det er ni ned bylstgﬂlg a% tZ%é croS:)lF%ée&%rmﬁ\iugu e atrsza%g‘g?ﬁﬁaé:l‘vel geaPed
Recei ver / Moni ¥eguMdUliecrofeneteklewniccivilet, enhaceout sutseidp1het Mega1£ach

~nodul e for proepe ctiqn. .This, device can _be utilized by patients in a
hospital or hgﬁeg_%%ﬁll ng?"ra)d%t Egé%%rrﬁ'i rqﬂﬁlo eﬁ&é'fjgl?emf?ﬁ?eg?e%?% can be
obt ai ned by 3betieesssséach daedulpr ofidxlethdy ovbeaRecabvesd Modi bespdbrul e. A

‘ variety of te ture.sensing.elenments can . be used as a tenperature
sensor i ncl udlfq%gé%cﬁier m st or, 19?%%5?6‘061?&%’,150@}’[%?9‘“( RERFEIEhQF 2
Tenper at ure Detweigt os)ch pbapatehn W0 eat SaciagetHOYRLCBTFERTBES by a

sem conduct or g, ¢ 71, WD.2004/ 0%373 20/ 1Q/ 2006 PCT/ US2003/ 01238

t her moel ectri'c SysStUeims "whi chP®asurt sUrtSSCE stefper SPYPES ot ¢ 4 ber

whi ch fl uor estigsiodonrebalét cdbdevé€esn laudibd £2pRAS, 0 ideNE L&S:@Nd
change- of it agr%n%ev.i Ees, heg;t flux sensor, crystal thernonetry and

reversi bl € t enperaruré® s Fndi™Cat 6PE FHEFEHI RGOVLEET dleFykt BEPMHAIMI sheet s.
Two preferretd trempetatiure WRMALS 2aF8cé DL SrPlaumdet snETsyr 51%%11%”(1 104JT
avai l abl e from iem' tec of Japan. FIG 13 shows a bl ock diagram df a -
preferred efbddi fRECoFNENESHT AR SoFFEiN SHTERARI Gy aTamek-t le 10 120

tojrecei ver 13be Taanssik ty al2Rims G‘Jxerz@:?r)bdhEEkHﬁeéf umdhPydide . _
i icorporating a m crocontroller ( 114,  a radio frequency transmtter
(RF) 116 and-a A/ PPebhRfer expmphery | Arbedinen €oTra Jrowse strRncoding?,

anpl i fi ens(ArchgddstsSessorechdd, «and: A &NNG LB Rl € Y RUphk-in in the
15 chi p. Exenpl ary ?:hi ps incl udg: (tl) rfpl ClZFG?gF, E%%%% I gﬁ&e‘ll%t‘om
- Mcrochi p CoPp6Fa¢eBiroldsirzoMadulssA) Oukpyt Transmitter Module and

Receiver/Monitor Module. From a mechanical viewpoint the

first three modules are virtually identical to the first

- embodiment. Electronically the Temperature Sensor and

20 Microprocessor Modules are identical to the previous
embodiment. In this embodiment an cutput - Transmitter

Module replaces the previocus local. Output Display Module.

Output Transmitteﬁ Module is designed to transmit

‘ ‘wirelessly the temperature results determined by the
‘J) 25 Microprocessor Module to a remotely located
Receiver/Monitor Module. An electronic interface is used

. between each module for proper function. This device can

be utilized by patients in a hospital or home setting. On
a continuouS-basis'temperaturé levels can be obtained by
30 . accessing data provided by the Receiver/Mohitor Module.
A wvariety of temperature sensing elements can be
- used as a temperature sensoﬁ inecluding a thermistor,
"~ thermocouple, or RTD (Registance Temperature Deteétor),

platinum wire, surface mounted sensors, semiconductors,
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is a MU + ADC + 433Wnhz Transmitter (2) CCL010, available from Chipcon
Corporation of Norway. Receiver 130 preferably includes a chip B/28/2006
transcei vePOB¥0E3G. | ©C1000 avail abl e from Chi pcon CoP@bUai0anizsaa

m crocontroller unit (MCU) 134, anplifier -and filtering units (A/F) 136,

di spl ay 138, therkedUstrikegpates 2yhildiD rkddurepeakeicd Afemdaraaddefi on to a
power source 180.angd..i oyt put units (1£0O 148 and, 1. 25 associ ated
nodem 152, o.pt?c%ﬁa f}%%g%ell{lvéeﬁr @%é‘z?rSﬁae?/ {D%:Rd?r?éiﬁlilccatqegﬁcﬁﬁrt l%ﬁ& A

vari ety of neampamsivrbaenseds{ oand hehdngensifi-ssaben dschese beatdesuk he

commercially i lable RE transmtter _ chi previ oy menti oned. One
si npl e transmgélgél%r?f MERAE 30 CRET IO aﬁgar ﬁﬂ?rﬁgiga LSRGFBE¢Hannel

transmttef iindiderddb6. H8cIMdinbantidlial sepdsal hentlappeanaldtse reasings to
a bed side receiéler S .a freg%ency?gro ortional to the reading. The -

thermstor's ¥esiStance WEGFEEoht FOFSTTR 2FF e GHEFRISHAT dROH'S | ¥5t or
feedi ng the RF0Z raams ok Ieravad abe2 ®94h 0043it% PCE! HSRAY3TO0/ 8 0/ 2 0 0 6

data input. If th uty cycle is less_than 1% the 318 Miz band woul d be -
usabl e: Rat her th%ﬁ% reﬂ]gen%‘?wsa ape?i188krre§§%ﬁ’a'f‘bnt°ft e@hnPg8Ee¥&Rf be used.

The nodel usesnbcalisieAp! @fr alied freRGUeNGihveRditibar 1a8kihe krhashHBtisn 5
transport,_ and rBDduI ating that- _carrier with the brain tenperature

i nformation deY V& T5EHVESt rdfs dBERRYM ey il BasABrabhy émetifaty it s

el ectrical characiterist i Gcorgorar iHGCh @l cPhcboPROMALUI @1 312, a
thermstor). Either frequency or anplitude of the carrier would be
nodul at ed 10 T{iPhErEEnpeAatL tFaTmitseratRBh 336t pad a AéRergmventered to

that frequenqygces! daderndulal & &AJB%eEhQEM&Q LA iy Elif‘{' r goouey, t he .
slowy noving tenperature data: Another transm ssioh techni que suitable to-
transnit th&8FgRalt2fronPd Sehserai k2@ soppbrraldor Ustidteins ia the chirp
device. Thi scaRaNS thalypwhen act; mal ed,inwgﬂ/%ran_s(r{l)t t ei—ff”f'{:)ﬁ%ttes}.ﬁ carrier
that starts at a_|ower “fregquency in the I SMband and snoo y i'néreases

{available from Microchip Corporation, Arizona, USA) this

is a MCU + ADC + 433Mhz Transmitter (2) C€C1010, available

from Chipcon Corporation of Norway.

Receiver . 130 preferably includes a chip RF
20" transceiver 132 (e.g., CC1000 available from Chipcon

Corpqration); a microcontyoller unit (MCU) 134, amplifier

and filtering units- (A/F) 136, display 138, clock 140,

keypad 142, LED 144, speaker 146, in addition to a power

source 150 and- input/output units (I/0) 148 and

25 associated modem 152, optical transceiver 154 and fu)

communication ports 156.
' A variety of means can be used for the transmission
- scheme besides the commercially available RF transmitter
chips previously mentioned. One simplé transmissidn means
30. include an appaiéﬁus'with‘a single channel tranémitter in
the 916.48 MHz band. that sends the temperatﬁre readings

-to a bed side receiver as a frequency proportional to the

reading. The thermistor’s resistance would control the

frequency of an oscillator feeding the RF transmitter
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frequency with tine until- a maximum frequency is reached. The brain

t enper at ur ¢vd gz on i s used to nodify the 20 rate of change 10/2006
frequency of the chirp. The receiver is designed to neagﬁ?’gsﬁ'ﬂﬁ’%/ﬁ@rp

i nput very accuratéely by _Looking for two or nore specific frequencies.
When the firSt o8 lP\F/thfréﬁuEEEi ggtrsCa'é%%cﬁéd,lea%ltbek' hbasbhes318he

el apsed tinme wAEi |bidte seenndbbr aggney i s HReekvedha25¢AG épgl , a
third, fourth,_ etc., ‘frequencK could be added to aid in the ré€j'ection of
noi se. Since VEFEORAI TSASUReReRhet efiidues sqieReeuapd eadiispecdelmises
transmtters andsidfgrauenayoshom transyitisr S Jar e gpr ndoml y
t hr oughout thgi r part of the I‘Sng%ﬁd? t he probagi I i%y oﬁ%@gﬁﬁgﬁ%ct ual ly
produci ng' T he *#P "t sefdeMOEURL 1Rg ediisrici eaTnteexwthy tHve brght tine is
remte. Once thepemnsizect iRRASHECH Noadd a0 Balpeen, NG o Langel o,
frequenci es, %hat time is the value that would represent {'Rie Braih
tenperature. FFVife GR5Petetl seomraing A3 sWOl2002] G0 3%BuRLt20isRids 0 6

PCT/ US2003/ 012353 thicthordlorl QuibBAECALICNEY, | 5 (igesiyed by Lhe
receiver within a "known" tinme w ndow, the receiver "feJects it al .

i nputs as noi SEETERCY Sro¢rEbityde spfr etk spucticunweydtiehe byodsiagd Wi de
spect rum fgor t eROSPL LA NG pt-he ;i ion_while encoding the information
in a way that&i,s unl i keﬁtheuexpé&ét@ég‘ﬁﬂﬁiﬁ Swgﬂﬁ%t%e?eﬁ% i of' 1% 1SM
band. The chi%d rahsfiequencyi soudd despdahatsi npé echanditid deaantd drhe brain

tenperature '41{@%%9@ i Q9 w gcy actti ve elenents that controls 10 the
rate of change of frequency. gg%r prer1t rred erpodt for | ocal
feporting incl uddratkenseransmisepen atiechai qaepbifias  LdB5andvall abl e
source. 11 1 & Endbratood 1ars 1o ERe” OB 41 | SHBPOTp R FTIGIAECpiS Afp) can be
substitutléd Ispira Mevdewl. t HehilsEDneshst i thhed bieR PheZOAIRE!Ti ghe
Coﬁponent" transmitter outputs a carrier that starts at a lower
frequency in the ISM band and smoothly increases
frequency with time until a maximum frequency is reached.
_The brain temperature information is uSed.to modify the
20 rate of change of,freQuency of the chirxp. The receiver
_ is designed to measure the chirp input very accurately by
locking for two or more specific frequencies. When the
first of the frequencies is detected, a clock measures
7 7 the elapsed time until the second frequency is receiﬁed.
ib) - 25 Accdrd;ngly, a third, fourth, etc., frequency could be
added to aid in the rejection of noise. Since virtually
all the direct sequence spread spectrum transmitters and
frequency - hopping transmitters are spread \randomly
throughout their part of the ISM band, the probabilit? of
30  them actually producing the "fight“ sequence  of
frequencies at exactly the right time is remote.
" Once the receiver measured thé‘timing between the
target frequencies, that time is the ﬁalue that would

represent the brain temperature. If the expected second,
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FIG 14 is a schematic diagram showi ng the support structure 160 with a -
sensor 158, and MCU 164 controlling 20, and/or adjusting unit 10/2006
Communi cat VOFM&NEEn McU 164 and unit 162 i s achieved WW‘S@Q@%%{
wirelessly 166. By way of exanple, but not by limtation, exenplary units
162 include ckhiede cont folurthni fisequersar s ist haotostades,vedvebicl ehseat s,
furniture, ex ' chines, clqthing, 25, footwear, nedical deyices, drug
punps, and thgéﬁi‘g‘?ﬁgt‘fﬁtﬁbn éxanp gfvgNCLFiﬁ,iwénnggra d *WFERVET ansmi t
the tenperatuetedtevethé oineéckalvetinpois 262 ndidehe exarciseowmes ne. MCU in
the exercisin rreaaccpi ne upit 162 |s -Slgr oglr amed to adjust speed or other
settings in accordancE i CRSERR HgnEPig8ndt atddehy RAG B4, f9he
preferred %nbodimertt tdhbowst i eciiser paaictibani nghinf t heceansing appar at us

by the support%@truct.ur-e on the BTT site. The suggort structure_ is
desi gned to cCONfBTIANE™ tffei® M oGl 17 aMBidkkstBe exRe®Ied aReE%whi ch

assures 74 Va0 Od/ KM 37k rd0/cE0/3R06 s r 908, BhaCemBhh @hkahbgisensor at
all times. The cor ner of the eye is considered a permanent anatomnc
| andmark, .8 1% O§tprBLett™lf (e PRAAE PBE At PEai natEMRERAHITDei ngs.

The BTT area dfandldseed Qr reMRends apRd ONtEive | aNdndiks agnsenesststLd by the
present invention. To facilitate consistent placenent at the BTT site, an

i ndi cat ort% n %fe T@4FpBF t CRANGGC Ofir EXBFEMY used as shown in FIGS. 15A to
15E. FIG 15A showsnar Gubalfit deline ehbBaPhagesd .t hqloc;Q Oyéﬁé)g?irﬁ_;“Lf ace of

the support structure 172. The @Quiding Line 170 is lined up with'the
nedi al cor nerti§ludRie @ye SepPRr, ThansewPsratiensl | avptEiiethovEMIFE Qui di ng

Line 170 "andQR1LBeeOyteh t Hgﬂg{ t ; , once the
Qui di ng Line 17010f ?he supggrg?mg%]? u%t%ﬁ?e 1 2tt°|r: ('?Lc%%fo:f%gééé% \?\nﬁlghat he ‘ )

nedi al ~ cor neESf iPh@dg§eiay 40 tthepowsghsourtes L& pesindensbagh tiHae nai n
entry poijht @het RBerbpNGel) aMp4S eiRg ?P?P%{%S&éﬂ%é‘rQiz%%%c%%db%ypreCi sely
and consistently applied in away to altow the sensor

a MCU and the LED substituted by a piezoelectric

component . - '

| FIG. 14 4is a schematic diagram showing the support

structure 160 with a sensor 158, and MCU 164 controlling

20 and/or adjusting unit 162. Communication between MCU 164

and unit 162 is achieved by wires 168 or wirelessly 166.

By way of example, but not by limitation, exemplary units

162 include climate control. units 'in cars, thermostats,

vehicle seats;l furniture, exercise machines, c¢lothing,

A253 footwear, medical deviées, drug pumps, and the like. For ' iv)
example, MCU 164 is programmed with transmit the
temperature level to receiver unit 162 in the exéréise

~machine. MCU in the éxercising machine unit 162 is
‘programmed to adjust speed or other settings in
30 ‘accordance with the signal generated by MCU 164.

' The preferred embodimént allbws precise positioning

of the sensing apparatus by the.support structure on the
' BTT site. The support structure is designed to conform to

'the:anatémical landmarks of the . BTT érea which assures
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to cover the BTT area at all tines. 20 FIG 15B shows a different design of
the patch 1 but with the same- GQuiding Line 170 lined up with ) @
corner of t (im&‘/gmﬁﬁ, thus all owi ng consistent pl aceneﬁCTléfBZ(wyzrh%gon??%
the BTT site despite the | difference in design. J 25 FIG 15C is anot her
preferred enbediorent piaceuany tdfe tlsenoensb#t dti nAd Wimeist. h Teedicak-neor ner
174. Thus in thi $het %diirsrergon%i eirdi ng Line is not required and the sensor
176. itsel f guides the pdsi (18RI AGS%nd FPE 4B Y P 73388828kl | 177 of
patch 172 30iare,| dcatiad poetseinde iof tihe Bdule Sibeavidd €iSeASDr hidfni S

_precisely posilti d th TT site.. |t i.s understood that any type of
i ndi cator on ?E%ggﬁbpglﬁhte s???ctﬁ’f%a car® 15e58sed tBEHMARRpr GPEFOBEAcenment

in the BTTSar @andiadd uds ngietshet it edrBbYS, tHeeapt @icht CibhSehdtddie Bypport
75 20/ 10/ 2006f c\:/\P_I.J. Oato 4/0 0. 13 73 PCT/ US2003/012382 structure, different
geometry that Frhes Up wERCtHE coPridFreBint ndteybhe g RIS h&iktPke.aF| G 15E

i s anot her preéhétcamrenmodingeniupphewi Rgribeursupal vy gslae 176anQfn sensor

176 lined up le t%cﬂ;,edilg# 5 corner 174 and located in the inferior aspect
of the medial *antival *afes® vitif-e microchip controller 175 is ~|ocated in

the superior aspedtcof i19e smslil acantitahg arge SHPPRILCSE' Ut Uk 172 has
a‘geometridi indicator 179 conprised of a small recess on the support
7

structure 172790 9% SFELRTRIGS GG IRRETR SEFIGFURSr R7TRg Bbe s@pbdimg
structure |ikeie bevd-@ad diiGal Rayewidle SldeQPRAsideb? Jhesenyer and

hardware made with tear off pieces. The sensor side is first attached to
the skin and Hify éP€e88ngor J76sts gogahedeakais opet Guadand . Lifwo 1$i0zes,

ddult and 15 «Ghi | i efh& a%fleral dageot &t i3 HeSl e e RLGE 8l of ot he
support structure working as a "patch can be soft an ave i'nsul at’i ng
properties sfifeagheafeidiognding paPyef hyhermippbepentingtwre tive dppl i cation
a 15 1lined up with the medial corner of the eye 174, the
sensor 176 is positioned on the main entry point of the
tunnel. Thus the support structure 172 can be precisely
and consistently applied in a way to allow the sensor 176
to cover the BTT area at all times. _
20 FIG. 15B shows a different design of the patch 172
but with the same Guiding Line 170 lined up with the
medial corner of the eye 174, thus allowing consistent

placement of sensor 176 at the BTT site despite the

B difference in design.

im) 25 FIG. 15C is another preferred embodiment showing the
senor 176 lined up with ﬁedial corner 174. Thus in this
embodiment a Guiding Line is not required and the sensor

176 itself guides the positioning.
, - In FIG. 15D the MCU 175 and cell 177 of patch 172
30, are located outside of - the BTT site while sensor 176 is -
Precisely positioned;at the BTT site. It is understood

that any type of indicator on. the support structure can

be used to allow proper placement in the BTT . area

‘including. external marks, leaflets, cuts in the support
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mul tilayer structure of the patch can include fromthe 20 external side. to
the skin side the follow ng: thinsulate l|ayer; double foam adhegyy®g /2006
(pol yet hy| &{23004883Bor (thernmistor); and a Myl ar sheet. PTHaSs@3R0I3835Ur f ace
can be covered by.the Mylar sheet, which in" turn is surrounded by the
adhesi ve si de sgfruttreré pamifhAsyesof tgdome?byt Mikaumal ehéal un t @ibh ghheher mal
resi st ance an%olrggv éper mal__conductiyvity. can be preferably used as an _
interface bet Woah-t hat Jetis §¥  and™? i extty i‘or, such as pol yurethane foam
(K =0.02 Wm Q). ANYGSWERIis Shbuheur PrefaitddcbPALAte: t Hieowairf eheed
insulation material. 30_A pr%f err doé)omer source for the patch includes
natural ther mS8PEEITT c§Y8S di'681 SEeFBYPXFhe T efbtid PRvEAEPomedipl

addi tion, Staedanel | inght v@ighioddidn piastihe HAQFESIaEHY & CeRRi nati on
of plastics suggb‘%‘s f | uor ophenyl t hi gphenes as el ectrodes can be used, and

are 76 ri WO" 06%373250£E6F 2008 L SPCH USZBUY 09238Peaxi B1% aF| owi ng
bett er ‘conf or matagsy Wikh dihe 808¢0104 Ohspéde BET shd encADQt NeLnexgp!l ary
sui tabl e power -source includes a Iight weight ultra-thin solid state
lithium battBF§? cofHoddd S6FUGE R 50 indSpPagePEeer tetinsiiyasoxr51fki ch are

about 300 m ceefisridticClor FNemSY St LLRRLAN RALBel WRpPOESs ¢ AlcthQ@M henper at ur e
t he systenbl s_quiet and at body tenperature the systemis activated. The

system catl al $b hve WEGHOPE shhekh By SEF¥Emat iWRFRNE r €gi t susPaYE skin

resistance, sgcAMtkrehan kL0 ot hensensar cha HE@Seghgns%BS 3 'Qsjhéetbg system
activated. The patch can also have a built-in swtch in rch ~peeling off.
a conductive BREkTIRFUGpetd { herdiateuitadepadishh terr toffh pheceyst®m on. | n

addition, whefdaouadel 1ameikbe Dothendd @ PILEN 430 BRgPLAGCE, LOA case (

containing a 15 magnet. e magnet I n e casé acts as an-of f “Switch and
transm ssi on §&¥Per Abpatdd whehlgaitdrpat ehf i s Twe t hbzegasedult -and :

15 children cover all potential users.
_ The material for the support structure working és a
patch can be soft and have insulating properties such as
are found in polyethylene. Dependipg on the application a
multilayer structure of the patch can include from the
20 ‘external side to: the skin side the following: thinsulate -
layer; double foam adhesive (polyethylene); sensor
(thermistor); and a Mylar sheet. The sensor surface can
be covered by the Mylar sheet, . which in‘ turn is
surrounded. by the adhesive side of the foam. _Anf soft
25 thin material with high thermal resistance and low L;)
. thermal conductivity can .be preferably used ‘as  an
interface between the sensor and the exterior, such as

polyurethane foam (K =0.02 W/m.C). Any support structure

can’ incorporate the preferred insulation material.
30 A preferred power source for the patch includes

natural - thermoelectrics as disclosed by the present

_invention. In addition, standard lightweight thin plastic

 batteries using a combination of plastics such as

fluorophenylthiophenes as electrodes can be used, and are

76




FIG 16A to 16C are perspective views of preferred enbodinments show ng a

person 100 _wearing support 20 structures 180 incorporated as paigEhes/ 2oy é
preferred Wiksg f shown in FIG 16A, the support struckC/esS2®@1238ant ai ns

LED 184, cell 186, - and sensor 182.. Sensor 182 is positioned at a nmain
entry point oflehdlsupddryinaspadcter gonfhenaeibmlwicanthal aaseamadjacent to
the nedial cogper 25 of; the 5. LED 184 is_activated when signal
reaches certaﬁ thr eghlotleds %‘%hl%rrf a%’%:eom (liléaﬁé’e thtf?h;llﬁ’e B{Sci PPEE of the
i nvention. Fl@clu@@si sa ahdylter waigiter nktra erthiodi $ENtd Skoadengl Bepeimson 100

-wearing suppog C o1 Lth sensar 182 positioned at the general

area of the 30§tn%yfe%§&§rlpsoe%gt \é\%f ?heset"'l}r'?‘r?éllé\/vi }?ff‘sttﬁé: sGPEFF o ¥dge 181

of support? stwhicthurgel8Bobeiyng hioednspchid t he corner of the eye 25.
rests on the cheek area

"Suppor t strUctureT}igosco gai ns aﬂ extensi on that
189 and houses transhrttriig iRandviss¥e ofOR/FF el BEsTPPENERTRETHTE 77
20/ 10/ 2006 WDe2@R4L 60133 3qui RCEAESA008684 288koe raRLQECERE NGy SRANS 185 and

power source A |G 16C is an exenplary preferred enbodi nent. show ng
per son 100 \Aea;cr%iz'ﬁ’ageg't & pPEEE St TRt RS 18 c%?rp‘?fi/eﬁcf cTWisGhp bt

structure 18Gkaandghausiingustr ustnge sk8AC :x@nReEhEE, bY¥oWiches 182n 5
preferabll)é atfhleexi ble cjrcuit. Support structure 180b contains the sensor
182 which'i s PosPETORed™ AP AFERTT TRF t TGS ITRG SYFEeT LR 18GEdwhi ch can
conpri se an Tadhesatkh Stahp ik hBator eheagi2L- DOUSKS tRHOCES SiAg AEaNS
183a, transmtting means 183h and power source 187 for 10 transmitting the
signal to unPFeib’lgi? tor B XoRgret Ve dpackigro meeng| Ere 19itanis dpREmati ¢ vi ew

of janot her pea@ietued teebagdisFBAt oBNOWNNG N 1SHPP QLRSI LG UEE 18 Wi th
sénsor: 182 bei ng held at the nose 191 by a clip 196. Support 15 structure
180 extends 5BpePPIYi yth% RATEhr 6RENBAIPIAGEY BRI PRFCLIBTGRLBIPDOR t

Struct ur ¢5 18Rageet ATl RRASEN &n BhEACHIBN IBANS SUHEASILER 19§ Housing

197 on the o )
transmission. is terminated when said patch is in the

- case.
FIG. 16A to 16C are perspective viewé of preferred
embodiments showing a person 100 wearing support
20 structures 180 incorporated as- patches. In a preferred
embodiment shown in FIG 16A, the support structure 180
contains LED 184, cell 186, and sensor 182. Sensor 182 is
positioned at -a main entry point on the superior aspect
) of the medial canthal area adjacent to the medial corner
?m) 25 of the eye 25. LED 184 is éctivated when signal reaches
 certain thresholds and in accordance with the principles
qf the invention. FIG. 16B is another preferred
embodiment showing a person 100 wearing support,structure
180 with sensor 182 positioned at the general area of the
30 wmain entry point of the tunnel with the superior edge 181 -
of support structure 180 being lined up with the corner
of the eye 25. Support structure 180 contains an
1extension that rests on the cheek area 189 and houses

transmitting means 183 for . wireless transmission,
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forehead contains the transmtting neans and power source. Cip 196 uses a
spring based structure 196a to 20 apply gentle pressure to securgysyppadoe
struct ure WORBHYWI3Bensor- 182 in a stable position. HousPoyusHiasemeszal So
have a LCD display- 19. The LCD 19 can have an inverted inmage to be viewed
in a mrror bprbbessieey mehasi des kD pddefasohaee 1@7hi Bge akcbesf ghdable to
al | ow proper 25 'gé)ii tioni n to,allow the user to easily view the --~

numerical val Ge-af sPi¥afa§: gﬁ?ﬁl IBOPE MENGe PERELRY VRERARY 1P0 ASBERBY

preferred enhodwtepiech@tirograrersen kRQr1w8aai 8 SufpHOTderystiet ure 180
conpri sed of g atch wjth sensor 182 30 positioned on the skin at the end
of the tunnel “8/ 2ROnAREIEW HF=rckivre 18§ Soangekedi By YAaedi 4pPay unit

200. Suppost piéswtanie 180 rhasiBl¥i iR ikndi §giRh 178 rhdigd upg¥ith the
~medial corner of the eye 174. Wre 199 includes an adhesive tape 201 .
within its fifSt*PFEchbeatfosrs IE 2008 B0157 3P0 HemEGORE the BIT :

PCT/ US2003/ 012882, meshisphef esaloradhesipye t @eciconnect edm 9 Wi re, 199 is
in the first 10 cmof wire fromsensor 182. FIGS. 19A1 to 19D are

 schematic vi REPSHHIVSr EFEIP RP horfarefeadd2di hewssomyasessdpponeans r uct ur es

180 and S sensidg ¢mathi t8ing SpRcha| 1688MRLEY AR idEmRYIOM Of pgnsors and
support structure is necessary for the -optimal® functioning of the present

i nvent i ont? THE2 EMERERDnEh@aneigRa} gie fwrlt hid4uphor texamnict & ecdlB0 ar e
made in orderpdgpe0pti m ze function and in accordance with 10 the geonetry
and di nensions of the different parts of the tunnel. FIG 19A1 shows
support structureFI80 Wir Kisngaaschemphichvithe gfat aiotlgd cpntfimsedsensor

182. The pat ¢h}5,189 Ve ' t her dware or solely the sensor 182. 15-
Exenpl ary sensor 1@3@5513&%%3 r!:th(h%etg %pg,?) %E; %@rgﬁ? 1é{‘t‘(':eié%rrn"t‘.’ﬂ’ﬁ tHeti st or. The”
preferred | odgéstiiimondiedd fagr thee neet chol eber medltip aweé z"suppequal or

I ess thaﬁSlzsqghcture 180 extends superiorly to the forehead 193
Housing 195 of support structure 1B0 contains pressure
attachment means éuch. as clip 196. Housing 197 on. the
forehead contains the transmitting means and- power

- source. Clip - 196. uses a spring based structure 196a to

: 20  apply geptle pressure to secure support's;ructure 180 ana
| sensor 182 in a stable poéition. Housing 197 can also
have a LCD display 19. The LCD 19 can have an inverted
image to be viewed in a mirror by the user, besides 'LCD

13 . can have a hinge or be foldable to allow proper

25 positioning to. allow the user to easily view the p
numerical value displayed. |
FIG. 1B is a perspective view of another preferred
. embodiment showing 'a person 100 wearing a support
structure 180 compriéed of a patch. with sensor 182
30 positioned on the skin at the end of the tunnel and

connected by a wire'199 to a decoding and display unit

200.’Support structure 180 has a visible indicator 170
lined up with the medial corner of the eye 174. Wire 199

'includes-an_adhesive tape 201 within its first 20 cm, and
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preferably equal or less than 8 mm and nost preferably equal or |ess than
5 mm The shortest distance fromthe 20 outer edge of the sensory glB? y(zdd'@
out er edgeWer208491378at ch 180 is referred to as "x". "Xx" PcI/espoediioss2| ess
than 11 nm preferably equal or less than 6 mmand nost preferably equal
or less than Rodt mmefleanblly| adtidstviev@appuepasestddracsenser 1482 has, unequal

sides, and digstance 25 "y" corresponds to the | ongest distance from outer
B F o 8len ok

edge of the %&n 18Ut g Sof *PReS§Th 1880. Despite having unequal

si des, the shortestrcgi stange tox"1sbs arBe scdRtgE ik Ny ng.$ agt O?Iéﬂirﬂe}ae
.preferred enmbodi nent. It i é under st ood that the whol e surface of the
“sensor 182 catr SFHE Hifer SUMSRIIPRSN YHhEYPPRT AnFtENGE FRr 48PS amd di st ance

between t e senmangandedis Oubel €HGRiafl AgSUHRRIA! asdl YRMLE oA gxenpl ary
“enbodi ment for that includes a sensor in which'the surface touching the
skin at the BPPSSFfe REA 7RRRSTE002FDBIBYSE 20¥510/ EOE6SaPLCT/ 1982033£012352

made with Mldpeimihe MahatisaHdRCeor Whigd CRUPELSES §hGnSERSOr fpsel f, can
have an adhesjve in the surface that touches the skin. As shown in FIG
19A2, the seifSdF 89 hadnddARSIFe o7 | Bhe t SuBReTtace ruasulse $86uead to skin

11. The sensefadehen ofadr bg, apRlimgdet futdier BT L 4§ LBAcsaldagge Wi th the
13 principles of the invention. The preferred distance "x" equal or |ess
than 2.5 m dProdgoBrEEr ndhidipenaions| e diendiftesents a2 ot thhe nmai n
entry site ofyhhei1 10 tunnel and thus allows the nost optinmal signal
acquisition, and it should be used for applications that require greatest
- precision of neast@nmehidl sshdvwsassuhportg stymettoei A§0swegkied #% ogedur es.

AL yhough a PRLebn NasndiSee & 1hoaRoRHRRAL SSIAICIL | Gt g dfSgRbption of
t at the &

the preferred. 15 dinensions, it Is understood ane di nmensi ons
can ‘be appl M8d teen&EAynsupiert ardwiner ecr n sadedydanee sehdor 182,

- 15 Exemplary sensor 182 1is a flat thermistor or surface
mount thermistor. The preferred longest dimension for the

patch referred to as “z” is equal or less than 12 mm,
preferably equal or less than. B8 mm, and host'preferably
equal or less than .5 mm. Tﬁe shortest distance from the
20 outer edge of the sensor 182 to the outer edge of the

patch 180 is referred to as ™x”. “x" is equal or less

than 11 mm, preferably equal or-less than & mm and most

preferably egual or less than 2.5 mm. For illustrative

) purposes the sensor 182 has unequal sides, and distance
f;) : 25 “y"'corresponds to the longest distance from ocuter edge
of the sensor to outer edge of the patch 180. Despite

- having unequal sides, the shdrtest-diétande *x* is the
determining faétor'fof the preferred embodiment.-Itlis
understood that the'whole surface of the sensor 182 caﬁ

30 be covered with an adhesive and thus there is no distance
between the sensor and an outer edge of a suppért

structure. - -

- An exemplary embodiment for that includes a sensor

in which the surface touching the skin at the BTT site is
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the principle of the invention including clips, medial canthal pads, head

mounted gear, and the like. FIG 19B is an exenplary enbodi nent qf /
patch 20 Y8G"HWI7A f1at sensor 182. Preferred di nensi oP@Tmsaﬂomésr;Qg?'ﬂ%
apply equally as foor FIG 19Al. FIG 19Cis an exenplary enbodi ment of a
patch 180 wi thade bedth t yper.sefsorMylid?. fndheer edhdbhersmphsses Xthand "z"

apply equally, for. FIG. 19A1. . FIG 19D s an exe ary | _ 25 enbodi nent
of a support Ss(fgfsuo(ﬁ ulrtese%go wWrihPgY eﬁgorag‘bﬁFbV% 1&EBL§e\ﬁ/§5FaE$ibhﬁ%
~conprises a sensdrest hht skidnntegrated as part of a chip, such as an

l'i cation Specific .lntegra Crcuit (ASIC) . For_ exanpl e sensor- chi
i\gp i ncl udes gens@rs f‘:%lg,wnpaf}cg‘ggor 1?@%: 5&‘8 PEARST %?%rhiggﬁd%?ﬁ%ferreg
di mensi on 5' x"impplsy segiatey @S YeOlsebhGed 10Alskifther Thar dwaLsyr Sticth as power
source 27 may, be housed jn. the support structure 180 which can have a long -
di mension  refer &y EBPELD gbO ¢ e %ro"é'"s SASE dfF RICPSIPGLnEHEE dd€ long as -
the di mensi oprixcipSepr eserned inSen¥O2004O0L3dBe AU 042006 ce  wxw

PCT/ U82003/01238% The sil%);%)rt structure and sensor are adapted to match
the geonetry “#&-di fEns - df3Phe 2t annBP, Forovsei PREFLEBNt BREWPTIEESUr enent S

or non- cont agll aBeAsHE EBENtsensokN 18RI Gt the SRS «HPEy B9Eet QHChHhe skin
at the B}} 5 site. FIGS. 20A to 20C show the preferred dinensions "x" for
any suppoPt $UPBEfur &9 BT daRtEeWs t hthde PPESentortimgdnt isienalhe

di stance froachhesouisd, edge i18QaRhat Be %H@%EA)% %?;Syfé%%ﬁmtso fQuter edges .

of sensor 182a is 11 mm 10 as shown in Fli ef er , the distance

fromthe ouFéHu%’aﬁegllwséf P5aPPOFen i mepghsenenbet swcledgesivgiingsensor
182a is 6 Miods: ShOM ditgfb pPltedbisls. RLEAELAD!Y pd dig! ugs from the,

outer edge 180a of the sdpport™ structure to out edges of sensor 182a,;i s-
2.5 15 nm @&§ SHRRFrS rPtRuctupeCGioPridiedasdrpptionons tie gendersed82 in

~relationito dimensions, it is understood that the same dimensions can
be applied to any support-structure in accordance with
- the principle of the invention including clips, mediél
- canthal pads, head mounted gear, and the like.

FIG. 15B is an exemplary embodiment of a round patch
20 180 with a flat sensor 182. Preferfed dimensions ®x” and
- “z" apply equally as for FIG. 19A1. FIG. 19C is an
exemplary embodiment of a patch 180 with a bead-type
sensor 182. Preferred Vdimensions mx” and “z" apply
-egually ~as for FIG} 19A1. FIG. 19D is an exémpléry

25_ embodiment of .a support structure 180 with a sensor-chip {g)
 15. Sensor chip 15 comprises a sensor that is integrated.
. as part of a chip, such as an Application Specific
Integrated Circuit (ASIC). For éxample sensor’ chip 15
cincludes éensor 15a, processor 15b, and transmitter 15c.
30 Preferred dimension'“xﬁ'apply equally . as fof FIG. 19A1.
Other hardware such as power source 27 may be housed in
'_ the support structure 180 which can have a long dimensioh
referred to as *“d” that does not affect performance. as

- long as the dimension “x“ . is preserved.
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the nedial corner of the eye 184 are shown in FIGS. 21A and 21B. Support
structure 180 positions sensor 182 lined wup with nedial corner /410?2%06
21B). Pref SAHNYIIZE 20 shown in FIG 21A, support strucPOrEsH8I0msE ti ons
the sensor 182 above the nedial corner 184. The preferred enbodi nents of
support structuresThé neopporat edrastpat chast apensdt parar eadyfear abby used

in the hospi setting and . in the health care field 1 25 including
cont i nuous nb%%t%ﬁi r?té‘eofg?oé"\?é:rryoral?dengé?‘ﬁ?%ﬁ%w sPfkede Skippsit stPfict ures

i ncor por at edhas‘theﬁi adax_majﬁ]hﬁdas#aad_aneé EEﬁﬂgﬁvé@t%Etgaﬁas%&]gmeﬁgg,er red f olr
-monitoring hyperther ot herm a an ration status of recreationa
at hl et es, pro#gsgbéeﬁm% hf%’?%%’f ﬂ???t%?ﬁ/,t%‘&qi?lé?iwrbr%ﬁ EhsBFlct i on
wor kers anfl osliee. physically intensive occupations, occupational safety,

fand for preventi %\;Syrl kle formation due to thernmal damage by sun [ight.
81 WD 2004/ 001373 20710804 ° PEH st dhe Bxsferres. ipansirmmCr e

perspective vEemsawf fiRiceikl edruefedi 1N ScSRRAWART w3 tREEFONpAO year i ng
support structures incorporated as a nedial canthal pad 204 of eyegl asses
206. In a pret®fFEdBnbddPnEAFLaRnET oM FHiee oupem edafe W #If dditt hal pad

204 contains sefsRt 202uct GRNNRS duREraLAY2HS € WRCES 18841 al Lanhal pad
204 to ezoegl asfsﬂ? frame 206 next to regul ar nose pads 212. Sensor 202 is
posi ti onet! or?T HE"%ped §iCaspelt ofrefrraliydi sbecdishancaripmdbacent to

the medial copuasr afagehersok0 & eadhrtF B rR2BrkS 3 SARIPIALY PG er red
enbodi ment  showi ng person 100 wearing support structure incorporated as
medi al  cant haf®5&ds g@)?@ WiEh Serbr 262 shavayr anedFIGS 2i0Bto spistal |y

gonstruct ed guedlassey, f AR 246,200 £15,CORL ALY é&-@%s . %3
Conhnecting piece 220§§whi ch conngcts tE’é‘ Ffe}%tb&e%g M Z]%%%ar?% (relhgeht | ens
rimz224 is OWPPFhceEduairpotPt Pohed adges hofheenposi tB2a, than.s

15  mm, as shown in FIG. 20C.

Preferred positions of sgensors 182 in relation to
the medial corner of the eye 184 are shown in FIGs. 21A
and 21B. Support structure 180 positions sensor 182 lined
up with medial corner 184 (FIG. 21B). Preferably, as

20 shown in FIG. 21A, support structure 180 positions the

sensor 182 above the medial corner 184.

The preferred\ embodiments of support strucﬁures
incorporated as patches and clips are preferably used in.

| | the hospital setting‘ and in the health care field
ﬂw) .25 including continuous monitoring of fever or temperature
spikes. Support.structures“incorporated as medial canthal

pads or head mounted gear are preferred for monitoring
hyperthermia, hypothermia and "hydration ‘status  of
recreational athletes, professional sathletes,' military,

30 fi;efighters, -construction wérkers and other physically
intensive occupations, occupational safety, and for

preventing wrinkle formation due to thermal damagerby sun

light.
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customary eyegl asses construction in relation to the lens rim222, 224.

Due to the_hi gher position of connecting 20 piece 220 and the speefBb /2006
const r-uctiWﬁ’zg?"qﬂﬂgﬁe 216, the upper edge 222a of |eft PEFESA0DINLE2 |/s

-positioned slightly above the eyebrow 226. This construction allows

medi al cant hal padFi&% t2RPHdPAESCt roredeatpe tiel BY Tvisivse ofwpirketERs 228, 230
are lined up wWitbai VIS Ls. 25 Arm 232 medi al . cant hal pad 204 can
be flexible and ad| Ust abr%%vg?lbproaserp%%ss?%i O%B(r)lg SFAEERZ or 8126128’65 t he
ski'n at the Birattuwresndindaypomavedigaaway ndgdimlt heantBRT Sidt e odhess

nmeasur enent i t ui . .Ihe LED 228 i.s reen and LED 230 is_red, and
sai d LEDs 228%%10&5;8%% %?gqacItpi vatted f%ﬁétﬁdsie 8?1?’%%"(:@%0%&% HEG-
-threshol ds° RZ&, 228ei snatiadxermitaiay prad ecped esmedngedenssROVE iy, per son

100 wearing s ort .structur ncorporated  as nedial canthal pads 204 with
sensor 202. S gnaﬁthlrngmarsmeng% -Eﬁ%‘?‘?%t‘ir“&ﬁghﬂtgﬁmv\k’?]el B&d| ¢ oift

transmtter 2349182940 200002873 t10L300GgAGYH L&g&)3@@&338§1jﬂpused in

the tenpl e of eql es, 236. Receiving unit 238 receives a signal from
transmtter Z%f?sfo(%r a%OrSzocJe%sP%sgltlé’ﬁiﬁ diog‘pl NP P B plaiRFredi Viltfy units
238 include -mealich, caekhaphanes fogRIes: RandnBehdacorpubsis: nddhe 5
i ke. Fi Cﬁ 23A ég 23B are perspective views of. alternative enbodinents
show ng suppdelyte Puct ur es i ncorporated as a nodi fied nose pad 242 of

eyegl asses 244. FIG 232BiSid P&k SPeedrpiry eWrshewi 88 eyrRedpsees 10 244
cont ai ning a godi,fi ed nose pad 242 with sensor 240 and processor 241,

sweat sensor 228*3RdPHHIR: WEEYPRY SRR S WS ur e npheoBy atadd
ctransmitter 282 mamiparteshdnal tumy e2@b4wighl L %zarfnﬂg%%hca' ly 1

connected. Modified nose pads 242 are conprised of oversized nose 15 pads-~
with a horn BEPk8 eXPEFA oY 243nstipertast | evmslasseposfrdenhs 29énsend240 on

top of the esdnehihfiey tyRBEl 208,G 2288 I®nAcRBIRHCH ML VAR SAQWMLNY
eyeglasses qbnnects the left lens rim 222 and right lens rim 224 is
constructed and positioned af- a higher position than
customary eyeglasses construction in relation to the lens
rim_222, 224. Due to the higher position of connecting
20 piece'220 and the special construction of frame 216, the
upper edge 222a of left lens rim 222 is positioned
slightly above the eyebrow 226. This construction allows
- medial canthal pad 204 to be poéitidnéd at the BTT site
_ '_while LEDs 228,230 are lined up with.the'visual axis,
25 Arm 232 of medial canthal pad 204 can be flexible and . )
adjustable for proper positioning of sensor 202 on:the
- skin. at the BTT site and. for moving away from the . BTT
site when measurement is not required. The. LED 228 is
green and LED 230 is red, and said LEDS 228, 230 are
30 activated when signal reaches certain thresholds. _
FIG. 22C is an exemplary preferred embodiment
showing person 100 wearing support stfucture incorporated
as medial canthal pads 204 with sensor 202, Signalrfrom

sensor 202 is transmitted wirelessly from transmitter 234
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256 contai ning an oversized nodified nose pad 258 with sensor 240, sweat

sensor 260 _supported by tenple 262, and 20 transmitter 264 suppardefobpooe
tenpl e 266" Ol\?@ﬁf?”i 183 oversized nose pad 258 neasures prREBUEA03/012B2mMM or

nore in its superior aspect 258a and contains sensor 240 in its outer
edge i n accor #aneedwiinh thhe t@mpeasiocﬁn$y@|gdasbbs peBaci peesiving heniy esent

i nvention. 25 o] referred nt of the tion, shownn in FIG
24, provides sé\gg%g‘% % éauppgn‘?l ng gﬁeﬁlnsm&BE?ﬂa% a{i])é’ PeBeatRHi®d to
position sensend26lspléfing. Ebtempnmel reckev ofg t rmelskl m3a°~slﬁdslmub goggl es
268 al so  suppor trgnf]rr? tﬁén neans 11_l B \rﬁ\aﬁi source, 263, | ocal
reporting means 5y neLElgagﬁESan AR AT 8T PRY ST 5 o it t"rllalﬁportl ng.
~Antenna 265 i%ikeeferably integrated as part of the lens rim 269 of,

.‘goggl es 268. As s in ZEI G 25, additional neans related to the _signal
generat ed by sensor Aredf@l EaRt h@* SpadPPFEPEC§3Ve0/ MiLP806 °TD

2004/ 001373 ap@mﬁaees/ OérmambﬁﬁbUdQsmlé SWehstbrd/ 4, sthcSdsch 276
whi ch denot es, a - node ector, transmtter 278 for wirel ess transm ssion

of signals, l%%oerﬁ?é’ratfé aspi%, BRAEEIS] cPARS| Pad@E2 9hpaYeREASRES284 and

processi ng neans. 28£G. Thea NeaNg 2&4spscife 418w Eﬁgwu?é‘ley%%%@ are
pr ef er abl srd?g{)orted by . any portion _of the frane of egl asses 280. It is
under st 00 CRET PSP mleng&ﬁe@aénd?”cdﬁt Iqql’ﬁ;@rn@éﬁs to

al  ow storagearf plafcrssbi NBaBNsweth Bkt RkCahNSLIONSsSWdLRAg can be
incorporated in 10 the apparatus in addition to wires for wred
" transmi ssi on S'EPCSLGHPE. temmde 264, and FEAnSWHteseab? vauRD @ est ane

preferred fE@a?ﬂlEEnﬁszﬁhOMI'Q SENGRESh 2%e 300-SuPRANG G DynRAial ~ cant hal
-pads 290, 289 eyegl asses 292 and i ncl udes eens 15 r?% 297 an§ d| spl ay

298 in additiMifdelr aRsRi prés 288, ar@vmmps‘eﬁ§dr of9 overd ived e 90286
di sposed 14 t HaRist apie 29%0r@Ndh 18NS KL D) 203 054§als%p%¥§glff§5%1g82 and

connected to
‘positions sensor 240 on top of the end of the tunnel.

FIG. 23B is a perspective view showing eyeglasses

256 containing an oversized modified nose pad 258 with

sensor 240, sweat sensor 260 supported by temple 262, and

20 transmitter 264 supported by temple 266. Modified

oversized nose pad 258 measures preferably 12 mm or m.ore

in its superior aspect 258a and contains sensor 240 in

'its outer edge in accordance with the dimensions and
principles of the preseﬁt invention.

) 25 Another preferred embodiment of the. invention,. shown
in FIG. 24, provides ‘g.oggles 268 supporting medial
canthal pads 260 adapted to po-sition sensor 262, 264 at
_the tunnel site -on the skin. As shown, goggles 268 also
support transmitting means 261, power source 263, local

30 xjeport_ing means 265 such as. LED and an antenna 267 for
remote reporting. Antenna 267 is preferably integrated as -
part of the lens rim 269 of goggles 268, _

As shown in FIG. ‘25, additional means related to the

signal generated by sensor 270 in medial canthal pad 272

83




di splay neans 296. FIG 26B is a front perspective view of eyeglasses 20
292 including sweat sensor 294, transmitter 288 and wires 296 di@P?ﬁ%OOG
wi thin tendl®200981373d | ens rim 293 of eyegl asses 292 andccasmeshedst o

di splay nmeans. In this enbodi rent sweat sensor 294 produces a .signal

indi cating tHectodcepswert isviteh subst aageswitsVead Wis.h aesediyny of 25
9.mMmol /L) which.is displayed on left side display 296 and / sensor 300
supported by WEE}FaFEE%‘E'i | 'FEFTOOLPY 0diliR eSO CHERLASS nefHiiveion, for
exanpl e, brai Bt esRefaAkYr € OfspeQBededies Fiddidlidesidi spbayed 983t he right
side display .298.. Sweat_sensor can be porous or mcroporous- in order 30
to optimze flUPY" phRARRy Yo WENBEPSCHRERE eae\F 149§ - dWenimearscéiponents. A
variety ofsdi apbay2meanssanthéssasiatag | enses JrhraphLORGLEPCHSI Bg can be
used including liquid crystal display, LEDs,” fiber optic,

m cr o- proj ectg’a}ﬁ, BEdRE 8% \WD22062p001373 20EIDAS9ES FROT/ USR00BY 012382
means, and thgndékf-odit itslagnd%rst‘%qqegpat odi sg}llegﬁsgreag%tf_;g& be_ 2t tached
directly to the lens or be an integral “part of the lens. It 1s also

under st ood t hGPPHYFIEG WHRSAFs @n dlAeruditcaageparfat dapas t iwmecomdi ned i.n
the 5 lens rig ey I3 o] ; i.my Eurthe ; ses and

di splay 296, 298 hgﬁ%ﬁgﬁﬁi fﬁu{iﬁgl %ZS{JI%EEZS%E %5732%?&%%1’? eeg a%ed wth a
- single unl® vHieRRPagapes e tadddd odi tecwiyes of athevifregimt rehseysglasses 292
with or wthouts;theg,yse of lens rim293, 297. 10 FIG 27 is a perspective
vi ew of another preferred enbodi nent showi ng a three piece support
"structure 304 andFpfef @éably spnmardiprgspevedialvicanilifabnepate fanneict i ng

Compr i ses. ¢ ot end | =pbPHRL COBNEERS fon M PR el oy mhsiaSana | of 1)
tenpl e 301b.capitbed B&2s C2AMr i286s of | ghtglans:g izp23QRa anditdghtiensenpl e
302b. Piqge %Q% %@bl%%dtQﬁsg§g§a5§ga9£hghd9{§§§ to transmitter 288,

sweat sensor 294 and wires 296 disposed within temple 295

and lens rim 293 of said eyeglasses 292 and connected to

display means 296. |

| FIG. 26B is a front perspective view of eyeglasses

20 252 including sweat sensor 294, transmitter 288 and wires |

296 disposed within temple 295 and lens rim 293 of

eyeglasses 292 and connected to display means. In this
embodiment sweat sensor 294 pfoduces a signal indicating
the concentration of substances in sweat (e.g., sodium of

- 25 9 mmol/L) which is di5p1ayed'on'léft side'display 296 and 1u)

sensor 300 supported by medial canthal pad 230 produces a

-~ signal indicative of, for example, brain temperature of
98 degrees F which is displayed on the right side display
293.aSweat sensor can be porous or microporous in order

30 to optimize fluid passage to sensors when measufing
 chemical components.

_- A variety of display means and associatea_lenses for

i'proper focusing can be used including 1i§uid crystal

~display, LEDs, fiber optic, micro-projection, plasma
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connector conprises the connecting bridge of eyeglasses 303a and the pad

structure 303b of eyeglasses. Pad piece 20 303 is particularly adppigdotgde
provi de med&0¥YEHal pads 306 for positioning a sensoPCBUR0AYIE gTT

site. In reference to this enbodi nent, -the user can buy three piece

eyegl asses i nmegu®, demt echd thikehe Tknyentth@srfoodvhitzh tdeptepngeiy 303 has
no sensing. caggltl)i Li ti %g. ﬁ‘é‘éj %5 it is thus a | ower cost. However, the three
pi ece eyegl asses 308 GFFRFS THESFIsdd 1515 BIRS P alF gt RBESHHH- sensi ng
connect or 303payt aofonttact Dens3031tM tik SIS NGna&apaldid | Ehfs. afSp wn in

FI G 27 connector 303 w.t di al canthal pads 306 and sensor 308 includes

h
“al so 30 radi o T equeity lPF?ng% fit FePRFGEENPEHIPR3 PPNt RABERT die, theconnect or
303 provi des béds t hemnecessasydbapgvwane lidde Uimg fBakef O neensidng,
‘transmtting,. and reportin the_signal. Any means for attachment known in
the art can B%KY %6‘516}%]0@ W5 20029 05?%‘?3 WBENAYSEYE3/IFrE3ghi e used -
i ncl udi ng pressyr egeans, bel kdhlg-dPanth B NSing1@8Ndnt bewhi &8 cAnagher

preferred enbodi nent, as shown in FIG 28A  provides a renovabl e nedial
cant hal pi ec®BPFPEApIBFErY & Jdeifs diranes OfASYERdARSeR oo otiiti 93T i dge 320

of - eyegl asseseitkbuar enat hachad 168s "B aloxcanthal piece 314 in a rel easable
manner . egl asses 318 further includes sweat = sensor 322, 324 supported by

front part’ 311 and trB&Heni &7 ndSnednsPEREPRRHeT t ¥dedy penetde3. Front
10 part 311 gfregnegkassesbdthedel i RBSwangr 09t PROEWE POLiian %b%f%te”ds

across the forehead of the wearer and cont ai ns sweat” sensor 324.
Sweat fluid FoESCFRFBugh? ABAbPEAESTIMIY ereseitiog 3P med2d aredhtedches an

¢l gctrode Wdsh aenglatha f: oGHI @Rt aqt i t f 15
anal yte found in the swé_a? i e T sé)‘gaj‘f‘%a?n%%recslpige%é%%gvi ew of
the renovabl &°RReat 8P crefideal Thiecemyidirsdwiosgpviisenl thepotiergsneans

15 Piece 301 comprises left lens rim 30la and left temple
301b. Piece 302 comprises right lens rim 302a and right
temple 302b. Piece 303 called the medial canthal piece
connector comprises the connecting bridge of eyeglasses

-303a and the pad structure 303b of eyeglasses. Pad piece

20 303 is particularly adapted to provide medial canthal

pads 306 for positioning a sensor 308 at the BTT site. In

~ reference to this embodiment, the user can buy three

piece eyeglasses in accordance with ‘the inventioﬁ in

) o which the connector 303 has no-sensing capabilities, and
im) 25_ it is thus a lower cost. However, the three piece
eyeglasses 304 6ffers-the versatility of replacing the

- non-sensing connector 303 by a connector 303 with sensing
capabilities. As shown in FIG. 27 connector 303 with

medial canthal pads 306 and sensor 308 includes also

- 30 - radio frequency transmitter 310 and cell 312. Therefore,
connector 303 provides all the necessary hardware

-.including means for sensing, transmitting, and reporting

the signal. Any means for attachment known in the art can
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323, 325 such as a green LED and a red LED in left arm 328 and sensor 316

' adapted to_be positioned at the end of 20 the tunnel, and wre 32/f0V2006
el-ectrical W?Qt‘,’ &fing  right arm 329 and |eft arm 328 BET/ESWIH®12882Nt hal '

piece 314. FIG 28Cis a front perspective view of the renovable nedi al
cant hal pi eceb8lasshoviinrdupongr pseasme: B88ns| r adsaind emedldd, apansgnsor 316

in right a‘rm;%% ﬁﬂéﬁl%?c wire 326 for. electrically connecting right arm 329
and left arm 328 of “medial cant hal pi ece 314. Medial canthal piece 314

can be repl aced bymthen- peasénged egidcatinense apadnwhhchaweubd bewe the
same size and_di nension as ital canthal piece 314 for adequate fitting
with 30 conneltjzﬁly"hlgc{l SriadJeenﬁ’fggg? 8@%@%3@%&%8’%%@@“ SYRPOFHLNT -
renovabl e Tedsatsceantulsal Api seewearcdimeer iRgShaedad H2o @af Ryeblaised CD

di splay for displaying_a nunerical value and/or RF transmtier. Theref ore,
the renovabl Cegfédiaéf_" 8BE IS0 POOTSHF L0 PO BOB6 PIRER US26037 D1 2882

cant hal pi ecerdiamsadle QBANOF. VEYyéliSskePRnl i BaRS ink 888 afchas a

singl e sensi gﬁge and re| orti ng unit. FIG :29 is a rear perspective view of

one preferred -&Modi*fént GF%a SYBBBFEeSt ikt uFEC N R HOr at Bt asa clip- 5

on 340 for eyeghassesiaqdmengkudes asdmsdymmat BFa@%m§§§ SUGh asrénhook or a
P

magnet, transmtti nq nmeans 342, processing neans 34 ower source 346,
medi al caft &2 tpdd 1348 fuseleagsen al¥ nfebings sar bremapbroSt PeRtiAre 349

for proper pesidiertagadft d@BTTtRbt eroddib2£NSr 350 qua%.i P-Qfy 340 is
adapted to be nounted on regular eyeglasses and to fit the nmedial canthal
pad 348 abov&CRERENF e§faly FRIWOrpEdS . oB28ye§astesluBéngdey rwdiugh cant hal

pads can be pepbesabd Vin GORNeeheH,t 922l tach r%%&ﬂ%%gélg SHE A%

eyegl asses 15 i ndependent of the presence of specia connecting or
attachnment. WehRsIpBemePn widudrepbgbaspest sernl & Grommsintpiods, and

the |ike1sThigaepbodidtER 1Rr Oik U85ear @304l OF the universal use of sensing

medi al cant hal
FIG. 28B is a rear perspective view of the removable

medial canthal piece 314 showing visual reporting means
323, 325 such as a green LED and a red LED in left arm
328 and sensor 316 adapted to be poéitioned at the end of
20 - the tuhnel,'and .wire 326 for electrically connecting
' right arm 329 and left arm 328 of medial cantharl piece
:-.114. FIG. 28C is- a front pérspective view of the
removable medial canthal piece 314 showing power source
330, transmitter 332 and semnsor 316 in right arm 329 and

25 wire 326 for . electrically connecting right arm 329 and . )

left arm 328 of medial canthal piece 314. Medial canthal -
piece 314 can be replaced by a non-sensing regular nose

pad which would have the same size and dimension as

~ medial- canthal piece 314 for adequate fitting with

- 30  connecting bridgé 320 of eyeglasses .318 of FIG. 28A. The
removable medial canthal pilece c-an' have, besides LED, a

" built-in LCD display for displaying'a” numerical wvalue

and/or RF transmitter. Therefore, the removable medial




pads in any type or brand of attachnent structure. FIG 20 30 shows a front

perspectivg, V. medi al canthal pads 352 conprising an adhesiygiback)mg
- 354 for seg’l?ril"ﬁg‘“’g%& 352 to an attachment structure sucPCHESHW)EYRIRses or

anot her support structure. Adhesive surface 354 is adapted to match an
area of eyegl &88&bal hatieabl own2haec uriagorrediaalicaantabrpatdy 35dahe said

eyegl asses, SYGh.oAS { inspanee. the area corresponding to regular nose
pads of eyegl asses. dical Q g E}’1aef $ag 3822 V\% d%ézmg g’(’Ei‘)‘l‘rpl etely
i ndependent unit afB.caft aumsa a@ms:mpes}ﬁﬁectpwehénﬂwﬂ%@%x@ﬁdrf@rporti ng

-means 360 el e onnected by wire 361,362. Reporting neans 360
i nclude | oca%%%%%lretr%{:ng& \%1 fﬁ%ﬁ%‘hﬁ%ﬁ&ﬁge(éngorpcr_rgjg)ed a§dPoSlHRans

(e.g., pi eioebecB&Dcfovoeyeg]:dinsmsorarﬁi)eaitﬂru)de@n(itt@eﬂaggt repid i with
Wi reless trangpgissi, gn._ 87 V\g 2004/ 001373 20/ 10/ 2006 PCT/ US2003/012382 FI G
31Ais a top per spectl Ve NPéw Gt Bnd B ter NI IEBEE] MSHRSof 342 suppor t

structure i npmcptcsrsahgd namney e9l43S SeSwedB80sidde 9l @S R64iaB68ahthay €9Ul ar
hal d

nose pads 366 é%?? Sr%ell,é“ ng Spﬁfl alized 5 nedi al cant ha pads.
Eyegl asses 380°% ntl ud@% e T68 i SFoded swititirhabhe FEERECYW N34S m 371 of
the frame of feyepiaesepcd8Bivhiky satdeMérerB68:icoNNessi fonddangggtter 370
housed in de.t.he right tenple 369 to nose pad 366. Eyeglasses 380 further

i ncl udes WI r e 3268 pdiAfed 16n £ERPEEof EP ef PS| eRMQURT A 3630 wi ¥eguwlaind wir e

1363 connect i neyedlinanesi hh@r to3 %3 £t etk 1t QhrRhatNg ety gt %v% 374 to
nose pad 376. .FIG 31B is a magnified perspective vi ew of part t he
suppor t str udtifr £e38bPRinIT e BRES 365 §¥FIlee§aFar nose pad 376. FIG 31C s a

gide perspective gégyind Ofedi@QUl ¥anRse PRLaS66-44 ¢ ol G 31D is
a’'side perspective view ofe f; medi gln cant hﬁfjdpl e%%ﬁ 325‘9 ur eé‘abﬂ' hol e 364

of regul ar NESBPPRER6EC FREMAGMMENS Stpurtpeet spshyi| ew ofyeglpessen 100
wearing ds5suppaépesddidctdy ecr?é)fﬂyés%‘?l@e%f”‘éﬂbéhafﬂ‘éé‘ connecting or

attachment = means mounted in said eyeglasses such as

grooves, pins, and the like. This embodiment provides

means for the universal use of sensing medial canthal

_pads in any type ©or brand of attachment .structure. FIG.

20 30 shows a front perspective view of medial canthal pads

352 comprising an adhesive backing 354 for securing pad

352 to an attachment structure such as eyeélasses or

another support . structure. Adhesive surface 354 is

‘ adapted- to match an area of eyeglasses ‘that allow
if) .25 securing medial canthal pad 352 to said eyegiasses, such
as for instance the area corresponding to regular nose

pads of eyeglasses. Medial canthal pad 352 works as a
completely independent unit and contains sénsor 356,

power source 358 .arnd reporting means 360 electrically

30 cqnnected by wire 361,362. Reporting means 360 include
local reporting with visual means (e.g., LED), audio

means (e.g., piezoelectric, voice chip or speaker} ang

remote reporting with wireless transmission.




20 caps 390 secured on top of a regular nose pad 392 of eyegl asses 394.

FIG 32B is a perspective rear view of the nedial canthal cap W6

sensor 396W0 P4t t er- chi p 398 and openi ng 397 for seB@r/hmofﬁ/sgggw to
nose pads. 25 FIG. 33A is a perspective view of a nmedial canthal 9 cap 390

" being secured to tRESnoselpadi892a Medpal peaspbatieap 398 Copt ai BgeSeNSOr:
396, transmt I.p.398 an opening 397. FIG 33B is a perspective view

showi ng t he 'é%ef%{s%%e of ?"ﬁ)é’dﬁﬁam ’c&%t hal® capP"BF0 §ecurddufburhe 30

nose pad 392. iSpexpatatreds apadgedissRoVvigedwbynt heipsesent  ddweption for

pr oper posi_tigni a sensor_at the BTT_ _site. FIG 34 is a perspective view
of a nodified To1to" si@8%r RHtHbP&Cnost” pad W00 950upivT SPeSdILireh a "
sensor 88 W\On&D0A/ 0033718a1205384 2086ePEd441520@3/ 04R3830N e skigy at the
end of the tupnel and includes nose pad 402 with sensor 401, arm 404, .
house 406 whi Jnsq?ost?%es‘“ 1Gediet FABhh| HERS Eratin off wheob@mradefs a di al

for —positionysylsesser 3401weh dbi{@r §0te I 966 0OBSHRAccliRg £4aREL; Bed dentified
~as 1 and 2. PBQ; t.i on pl aces the sensor in line with™the ne |a|f cant hal
corner and reachd®t GEREraFhar EAgbE EREPhAI A6 2NE? yRoRE Radf3€he tunnel

and positiomZdikases the gapersr aboyvgdde wEd sLaps right at
the mai nolﬁnt r(;/ft point of the tunnel. This 10 enbodi nment Lgﬁ:llegws%q{ilr]%%}nat ed
o]

activati heeSensiST ¥y8t fSandithkeriddvanragded thenéeing hat t he
nose . bri dge dranepk das $LLMduhtEbConl t6POSE kfedRLK) ?&%ﬂ@(gn %::3( nost s
n , the =

purple and blue). Wien the pad is inits resting positl ""zero
sensor 401 r &FE§ PAda3tdl FUS BREceswht hegehiberdmerepott 80e Ai@w of

correspondi Ngat-e the igoul QSi LLon no p on.t he . .ln £
posi tion "zgfo" t he sensor@é%d}i%n %‘:g%% %e% toeérbggtr%t tlfrogeo??%. gic or
| ess). ChangFREuide Bessdad §74- hBIGr eji®nisuctsids phespgeniaralviawea

(positionsl) c@r rb§e1 4RI MLRNGEY B With hole 364. FIG. 31D is a side
: perspective view of a medial canthal piece 382 secured to
hole 364 of regular nose pad 366.
‘ FIG. 32A is a perspective. view of a persoﬁ 100
wearing a support structure comprised of medial canthal
20 caps 39075ecured on top of a regular nose pad 392 of
eyeglasses 394. FIG. 32B is a perspective rear view of
the media} canthal cap 390 showing sensor 396,
transmitter chip 398 and opening 397 for securing cap 390
to nose pads. |
25 . FIG. 33A is a pérspective view of a medial canthal {w)
cap 390 being secuied to the nose pad 392. Medial canthal

cap 390 contains sensor 396, transmitter chip 398 and
opening 397.. FIG.l33B is a perspective view showing the
- end result of the medial canthal cap 390 secured to the

30  nose pad 392. ' i |
‘ ' Speéial nose pads arér provided by the present
invention for -proper positioning a sensor at the ?TT
site. FIG. 34 is a perspective view of a modified left

side rotatable nose pad 400 adaptéd to position a sensor
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20 (position 2) automatically activates the sensor which goes into Active
Mbde and start sensing function. It is understood that nunerous gpetpal2006
nose pads WRPVH¥&I78] cant hal pads can be used in accor darmes208di2ishe _
principles of the invention including a pivotal hinge 25 that allows pads
to be fol dabl eni mheots&linonti mhpakhd oFeldireadjuisiel N@nAAASCUGEEY AoSPT i NG,

pi voting, sliding,i a.groove, and the like as well as self-adjusting
mechani sns mPé‘ﬁ ébg ‘%ta{gtsae@sé’rtéoénaﬁﬁ?’fi 0%arkda0ALe MbERB PAURRT f er ent

races. It is andeastepst tdwtoddha3Qcivdi bked nese padsaars aref ersbly
.posi tioned hi gh ih the frame, nost pref erablz by connecting to the upper

“part. of the FPRRESTTHSr SGRERT %L A AT RRE Uiponed§é shet Fennglens rim

89 20/ 10/ 2006id¥3 XG4 Q137 3aRCTS USBROR Q23B 2o thod | @ty Sdndmterd al s can
*be used i ncl ugl ng materials wth super-adherent properties to allow
inti mate appostitoifioP sEisi A§lhRhnSashehe EReg| t and A repghpat ythst

netal lic W regeehilbiddddg UpEie ehSt | EnB PPt IGS Gah Bgtsed, g8 the
hi nge assenblg/ mechanism ~ for allow ng proper. positioning of sensing
neans to the PEFTSFt &¢ REUFRT Ehfit FEMSpadSRONR Bdomamedil acdnhelbl e

synthetic resédeddyt gfight 8HCBhaSmAsS1 AN JdihReLs chENdUgLive 1341%5“ c,
conductive elastonmeric nmaterial, 10 netal’, pliable material, and the |ike
so that alfbr opiicgiaengpgddiovsortrnatedBTacGivad ign tof whei aterssimohal ar ea

and  proper fayterOniR0 {scashhevethodd b ahso dpder shood hbatydie medi al
cant hal pads can exhibit elastic and\,. = noldable properties and i ncl ude B
mat eri al whi AFiWg€n is5c81d ed8etbds igb|RIG.0 Ir dimmbn in ddnek)stames G .shape
ypon renovaly ofh4he SLresSp18ny r , +8Ll i cone, apd .the |ike
wi't h shape rrermr?( can al ?o Be_ usggly{)%lt )e me igrgl tﬁ%aﬁt%ﬁalisp_a % altrtla nodi fi ed
nose pad. By Ifséanpypresiduciong “eerel ) it iswpsolre4bht eedtey ing a 2014 '
constituegnts gnd pro\éihdi ng a high Si %nal tQ noise ratio_.

place” w1 temperatliire of 35.7° C corresponding to the

“regular position of nose pads on the nose. In position

“zero” ;he sensor is in Sleep Mode (temperature of 35.8° C
or less}. Changing the sensor to a hot region such as the -
- general area (position 1) or the main entry point
20 (position 2) automatically activates the sensor which
goes into Active Mode and start sensing function.
It is understood that numerous special nose pads and

medial canthal pads can be used in accordance with the

principles of the invention indluding a pivotal hinge

_that allows pads to be foldable in total or in part,

self-adjusting pads using a spring, pivoting, sliding iﬁ

a groove, and the 1like as  we11_ as selfvadjuéting
- mechanisms - which are adaptable to -anatomic wvariations
found in different races. It is understood that the
- 30 modified nose pads are preferably positioned high in the
ffame,_most preferably by connecting to the upper part of
the lené‘rim or within 6 mm from the upper edge of the

. lens rim.

89




Wi th a sensor adapted to capture thermal radiation from the BTT, the

present invention provide the nmeans needed
measur enenO004108378gi cal

usi ng 25 opt

allows clini

i npedance, 5
2004/ 001373

spect roscopy, £t1 _ ;
optical rotagtonsfe PUHibIedaht g ASadeldy a5 OLDSL Lechn

fl uorescent

i nducti on of
refractive i
| nt ernal Ref

i cal means such as infrared spectroscopy. Moreover, the
apparatus and net odsvafictye preseaterfwaNt i&h bibe enhalci nGihhg:isd gnal
cal useful readings to be obtained with various techniques and
using differ efiRteiiddds oftEh e_cFFBﬁ’éfgﬁ%’teir@nFadi%HQRﬂ{t-l_Bési des ngdtow nfrared
30 spectroscopytindt® RIPTRALibAVERt LERs P VRS SHPEEROT T esHd s and

hi gher signal to noise ratio when using other fornms of electromagnetic
radi ati on.such2SHor WxanPFealiticd- i wiredr ederidiisingn, sumgitoehageic
FRAGQUS! IGrSRROIEASE OBy, (FaTRInGECELERREY nekhghflhe 90 VIO

20/ 10/ 2006 PCTI US2003/ 012382 spectroscopy, Ul travi ol et

Lo evHent Propest POSEbpging aef eP¢mes i evearos clopytiend
gg)gfbiesuch as

(including Miillard reaction, light 5 induced fFuorescence and
HMEEeséc frepiesdateaiby ustshviad eta | isgAtroncobabhemtri c,

sensor

diuckh 0t LRRLEEL] ONeod MEkTRe T3dkeBhe,; ALt gRpALE Tot al

| ection, no ar " inprinting, a

adapt ed

to capturld 10nethés naliakhermptestial heaBT EHBrkike Hvertiml Epproydidtennel
site provides, Qpti Rl NS, d r eive, f_0iol ogi cal araneters using
el ect r omagnet ip? means. n%ﬁe %TFH%%E% ?ts rgﬁet ﬁneeééﬁ;;siccgﬁg%hu%/eaﬁ earIftd to. the

physi ol ogi c BF¥Prand fiusctiseinderiei mdloeshdr. acter ize dlhe physéescoll t he

tunnel . 15.
for the BTT

subst ance’t o e neasufad?

20

for accurate and precd 5€0/2006
par anet ers includi ng cheni cal PCyUPmO®BAESS2I N VI VO

-geqnet dinensj on_gn the skin.surface are the same . -
gﬁgtBiE tuﬁ%%ﬁng e” %? oW nY 6ﬁ3¥a8f€??§?i §38Flfh€n TE t unnel-’
al | ow opti mmoddgnbd gompesittiesn. amki niratludee endepfal hewh IFHE twhenel is
t hin. VVH' aSEQick ékin radi ation may. fajl det% Qenetrat and reach the

edse i r{_o remzin 1n t tressed shape upon
removal of the stress. ‘Any type' of rubber, silicone, and
the like with shape memory can also be used in the medial
canthal péds and modified nose pad. |

By greatly reducing or eliminating the interfering

constituents and providing a high signal to noise ratio

with a sensor adapted to capture thermal radiation from
the BTT, the present invention provide the means needed

for accurate and precise measurement of bioclogical

- parameters including chemical components in vivo using

25

-optical means such as infrared spectroscopy. Moreover,

the apparatus and methods of the present invention by

enhancing the signal allows clinical useful readings to

‘'be obtained with various techniques and using different

types of electromagnetic radiation. Besides near-infrared

30

spectroscopy, the present invention provides superior

- results and higher signal to noise ratio when using other

forms of elecrtromagnetic radiation such as for example

mid-infrared radiation, radio- '~ wave = impedance,

photoacoustic spectroscopy, Raman spectroscopy, visible

90




at the BTE tunnel is honpbgenous with constant thickness along its entire.
surface. Random t hi ckness of skin as occurs in other skin areaR®/eyggnio06
achi evi ng YRS 440ETE si on needed. The BTE tunnel has no fRIT/USEDIB/032385
intensity of the reflected or transmtted signal can vary drastically from
pati ent to pasPestraspend ngudtrdhisletnd ¥pdtiatoddyssi, cal reharagdLn stics
such as the a éj&:tro%fco fat. A bltood vessel in the end of the BTE is
superficial, —termna rand vord ¥ PHer nBPRGUSRSHRY shahfs. RFiseler 30
parts of the skiatidhe cfegpliraaddvesgrt Sadr fel DCakedrHeePreati NRLY Oreatly

. n position asnlgchdegéh rom er%on to ger son. . The BTE tunnel has no |ight
“scattering el enehtd® EoVTTIRF Ut sAHUEing Haiblprd Feaghiiofge M4¥dtthe | i ke.

Thermal r &di atndwedoes flabrbavend® goaddr OUghIEATidH ager 91 JMQ2QQ4/ 001373
*20/ 10/ 2006 PR /USZOOB/OlZ%%é or bone to reach the substance to be

neasur ed. The eifd “6fF ="t fe t iHEPvenlethe siighbthas aceperimgtmig: fi xed
geometry and tefraeklveenmiqad, edl Dynhper-rnept i dat MHetmal aNGRRSIESc | N ot her
skin surfacesp‘tgf t he gody 5 inconsistency in the |ocation of the source
and det ect or ~%5RUBESAn | TRbRE ant 1868FRR! of BeFLFCHITR . var imdidoulyr

Far-infrared impatiatieg, SRAA! KASCOMKITEESUEEAsHAT Waabt dherpal 27,581 ons
after sailg em ssions interact and are absorbed by the substance being
measur ed.' "Th& FFEEEnEREAYY | Abehbs oRTHr 68T 2oy Theumalndueray? ashanabdi um

| nsi gni Ti canisivunpeoyaied Mtihel | AP igBLSendfl G dithBoskin 1 the
only structure to be traversed by the thermal em ssions rontt he BTE
“tunnel bef or E3F8BEHI Ty UHET GLEREIUrAIIERES Mhare. | BhehiBJIF dwouedcis and

preci si on wheRe15h6QRME1 t iR i LhEdhergul.,an .eni ft ed the, BTE tunnel
into concentrati %ng,gf the eggl%st ance bg?r’i&gng*%lg’??&srﬁe B%ft ira %Ebect.r al
eni ssi on by RYEdt BRRRLN changsrageeorad ntha ophyreli g esentbe andnoehcentrat i on

of chemital rhubstances, Jhe bafeddidalad Hler ipl, radlaldon, g ed 20
foll ow Pl anck' s Law and the predicted anount™ o thef e
same for the BTT and BTE tunnel.
The following characteristics of the . BTE tunnel
allow cptimal signal Iacqﬁisition. Skin at the end of the
BTE tunnel is thin. With a thick skin radiation may fail
20 to penetrate and reach £he substance to be measured. Skin
at the BTE tunnel is homogenous with conmstant .thickness
along its entire surface. Random thickness of skin as
occurs in other skin areas prevent achieving the
| precision needed. The BTE tunnel has no fat. The
- ) 25 intensity of the reflected or transmitted signal éan vary
drastically from patient to patient depending on the
“individual physi'cél characteristics such as the amount of
fat. A blood vessel in the end of the BTE is superficial, -
terminal and void of thermoregulatory shunté. In othef
30 = parts of the skin the deep blood vessels are located deep
and vary greatly in position and depth from pérson to
person. The BTE tunnel has no light scattering elements
covering its end such as bone, cartilage and the like.

Thermal radiation does not have to go through cartilage
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radi ati on can be calcul ated. Reference intensity is calculated by
measuring thermal energy absorption outside the substance of imEfeey2006
band. The Wi#l01¥Rer gy absorption in the band of subspanwezoesnizszer est
can be 25 determ ned via spectroscopic nmeans by conparing the neasured and
predi cted val gesbarettre r<BEE thanehbsidtee fbebesmgaatreck then epa@nyerted to

concentration t%ﬁ, n asured according to.the anobunt o thermal
ener gy absorbegIE A g'g%g%]? %gapq"tehed F‘g Vi &%t hd Hnelf’utpr vi means
for measuri nggeosethst ance afs wmé]e'lr edéematsdatgdnabyr @Iermbhanﬂ faaat binf & ar ed

em ssions em el the nel .te and _for ap i ng Beer-Lanbert's

| aw i n-vi vo. E%g It atl gﬁe’af isEf‘?ar S4ERERGy fci‘% g’iﬁ% sBPf¥ace of 92 *
WO 2004/ 001373n@@15Wt2@6§ 1HCIhéJS266£diHQ?c&2 tHte Plzdelnmnal dstberor -
corresponds to, s%ectral informati on of _ chem cal substances. These thernal b

emissions irfadiat &0 ATPIE-YUy PO CBPE| T TaR nEPGHRP HEEY, 000 t o -

14, 000 nm wavel engrahr ﬁaﬁg&efwammhespébtlﬁ%ﬁ mghy-ca akserds |ight
around the 9, When far-infrared - thermal radiation is emtted

00 _nm ban
at the BTE tutglhelima |teé“lsséf’ﬁﬁo§§tﬁfl FaisBRbSHEPRS of DEFRRGLachRst | 3P

~correspondi ngabdcabetis H3anehef wlbserpEd OﬁelﬂﬁSQﬁé&ts'uQ'&dOf he phesdml ener gy
by gl ucosg, bands is related in a linear fashion to 10 bl ood gl ucose

concent r at1 o TFHERE™t he PREVEJSSeal 8d ahBerPaklyml | §tabidl e Beddumnnent
present .in thad3ghiFueaned . nuﬂﬁ@tS&Pp@ﬁﬁeéﬁéfﬂﬁi"ébﬂégiﬂﬁ@ﬁisatahaa%t one

radi ation source frominfrared to visible I'ight which intefacts with the
subst ance bei WgPmERdr dF dibe rféﬂB"I'EStrPStt-lEﬁnéIO ard wrajemeedohyf ohe

col l ecting thaekRsul hikk i drdisdbhOBne THA: R EFRA! b'e@‘éﬁet !EQQc}F r% ¢dgs methog
as

for neasuring biological paraneters conprising the steps o uring
i nfrared thed®&ECEaHi atih Htenend sBEShbuRSSHrafY ean@Oppeoiiticimgrhent put

el ectricalks Sb&ﬁ@éﬁtﬁﬁfr@§§néﬁ@fﬁ§i(gnég&§ emitted by the BTE tunnel
into concentration of the substance being measured. '

The natural spectral emission by BTE tunnel changes
according to the presence and concentration of  chemical
substances. The far-infrared fhermal radiation emitted

20 follow Planck's Law and the predictea amount of thermal
rradiation can be calculated. Reference intensity is
calculated by measuring thermal energy absorption outside
“the substance of interest band. The thermai' energy
.'absorption in the band of sﬁbstance ofrinterest can be
- 25 determined via spectroscopic means by comparing the &§)
- measured and predicted values at the BTE tunnel site. The |
'Slgnal is then converted to concentration of the
. substance measuréd according to the amount of thermal
~ energy absorbed. | |
30 A sensor adapted to view the BTE tuhnel provides
means for measuring a éubsténce of interest using natural
brain far-infrared emissions emitted at the BTE tunnél
site and for applying Beer-Lambert's law in-vivo.

o Spect;al radiation of infrared energy from the surface of.
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intensity of the radiati on, converting the resulting input, and sendi ng .

t he conver dﬂiogﬁut to a processor. The processor is adapted tQ@@m/P8/d06
t he necessg&/2 ' OA?Vsi s of the signal to determ ne the cB@UYBR0PHIRZIA of 25

~the substance neasured and for displaying the results. The present

i nventi on i nclthie$THednenedr sditrechirnegsperds erabsyetesl- i inffoaneti@ner gy
into the surfagee ofnt Ki .end the BTE tunnel; neans for

anal yzing and conyerrpf%%ft he%u?’tég}:%}e}%efsgnceq%’resgacktg%%?{iere(fméﬁﬁjc?rr‘%n 30

i nto-the concérnrzdiadtmd oft tive dsgbs¢antd sieasoradianthds upgonrt corans for
Jpositioning the big det ector neans. adjacent to the surface of
the skin at the BT “’E%ﬁ{ﬁ(i%gg?g.r@égpzo f6/f€f@§?levﬁa]2‘5i?§ﬁ05’i§9%91y

PCTI US20037 012882rbfhel iighes erbuinaiveind isgr oal a6 panii desermretahodss fored

‘determning t Lapce rration of a substance with said nethods, including
the steps of diFecti ngggf‘%c%?nonﬁﬁneet“\lg%e&aﬁtat F%ﬂ Hén B¥ntdarsitfrared at

the skin at tétudEe Svillnnabssitt eardetFctimy 4@ nedin | dthrasgshengy gy
radiated frond s isd }%(riu{' at. the BTE . tunne| site, taking the resulting
spectra and providing B ePEctiSCAPE i imafPEBERE ARt 88t iGK, PhreF®dsing t he
signal and reportdyndpy gancens rsdrndy ief rébhersabst anca by phekast taccor di ng
to. 10 saidj stl_h nzal. ‘[lhe invention also i ncludes neans. and - net hods for o
posi ti oni ng the 10 ght iS5G ER SR Het Bt Bt sthT ntEEER 3 Rgaliesn 2@6d wi t h
stabl e pressurerandlyt sopel atdive roAnéd Hric®ento ihhens Wfmeanho Which -
radiation is dirggcted to and received from 15 _The present invention
further includes Mmefns FBPOTEi r SEFFAGTHE r APEYUEHRr gFtt hiGagh t PBenose
ysiing nedi al racantbeh patscememm fOir RS | 091 R oL BUL ALigA S ER and
detector dianetrically opposed to each ot her, and neans or anal yzi ng and
converting t HEFFaRER WiEd to&uIPsEaDee sheérg umerAEved hat cbheeBTEat i on of

the substisnceunfeasused. Jheadteespt foventdoncalisg PLQYi des etfigds for
radiation. '
The present invention provides method for measuring
biological parameters comprising the steps of measuring
_ infrared thermal radiation at lthe BTE tunnel site,

7 20 producing output electrical signals representative of the N
intensity' of the radiatioﬁ,?'converting the resulting |
input, and sending'the converted input to é processor.
The processor is adapted to. provide the necessary

| analysis of the signal to determine the concentration-of
Eu)“' 25 the substance measured and for displaying the resﬁlts.

The present invention includes means for directing

preferably near-infrared energy into the surface of the

" skin at the end of the BTE tunnel, means for -analyzing

.and converting the reflectance or back scattered spectrun

30 into the concentration of Vthé substance measured and

support means for pésitioning the 1light source and
detector means adjacent to the surface of the skin at the

BTE tunnel site.
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measuring biol ogical paraneters with said nethods including the steps of
directing el ectromagnetic radiation such as near-infrared thro

‘usi ng 25 mBd WHYEHHBhal pads, collecting the near-infrar edTmmg%égﬁ?gimg
fromsaid nose, taking the resulting spectra and providing an electrical

si gnal upon detectirba, preeessi igveritionsi gNab ARELVRRAN t hAGh&HNCRLT at i on

of the substanc measur ed, according to said. signal. The invention also 30

i ncl udes nean egﬁamﬁ’éf%dgh?ofmﬂ%%ri‘ oy Phedr fAPsLPBRe ¥atihcesidnd
detectors in meshabbeipovidind) tdRd sWehB o3t A RERSSUHE EcdhdppeLature in -
relation to the_ .surface to which radiation is directed through. 94 WO

2004/ 001373 26FT67580% Swel ¥E2B0a URfIgretha thr Baenskimvaht the PEE

includes meansuhfél sotéecadingenauiak hak:lphfaLad thariml sadiatiyon from:
the BTE tunnel, nmeans, for positioning a radiation collecCtor to receive

sai d radi ati oh* Bnd®Hehn$kEBr & c&hger BThg tumneadol béteed taingt | bhefrom the -

BTE tunnel i pkouidin @ﬂé%@&&aaﬁ&fbﬁvihﬁﬁg,sah%gge I%Slg%qaﬂn on PT €sent

invention alsq provides methods for neasuring biological parameters wth

sai d net hods PRACFEidTy t h@roseapinadf udheg t9vegmsdt ur @indf ar xiepbraieg t her mal

em ssion 10 1 eaieditREEnt WiNEheasubleahesUbL 16, l2dLe! LaRLSI L, MBS I NG

the substance of interest, collecting the resulting radiation %pectra,

~provi di ngl%n 8¥tt riic@mal -si Gl upemtdenectlon, probslsi ngethe saghal and
reporting the,GapgantFgat i .Qf; sypst an red _15 according to said
signal. A drug dispensi ng&;&ylgtlg%nﬂ?%cfaggi ﬁgggﬁrr%%ﬁgglggnaﬁgn%eg%%%o%%

‘activated accetdi agakle t heosidviein ofandhe willist antablereaswesethmat tdel BTE
tunnel, for qggmgélr_% l;pgul | ) inpected automatically as. needed to .
normal i ze gl ucose EOPFe{L/{éPg&gasng)ﬁ g?t{: Tcia P?o%eng?)eéf’ .lchn§a tst%hce L
present in blisodiwecthdi o capalrbee bfed aiong anal yzed by el ectromagnetic

means cansbe nmeasyyed present invention further includes wmeans for

directing infrared energy through the nose usiﬁg medial
canth_al pads, means for positioz;ing radiation source and
detector diametrically opposed to each other, and means
for analyzing and converting the transmitted resulting
20 spectrum into the concentration of. the substance
measured. The presént inﬁentio_n also provides methods for
measuring biological parameters with said methods
“including the steps  of 'giirecting _electrdmagnetic

radiation such as near-infrared through the nose using

_.25 ‘medial canthal .'pads, collécting the near-infrared energy ' é')

- radiated from said nose, taking ﬁhe resulting spectra and

- providing an electrical signal upon detection, processing
the s_ignal and.reporting concentration of ‘the substance
measured according to said signal. The invention also

30 includes means and methods for positioning. the radiation
‘sources and detectors ihra stable pos.ition and withr

stable pressure and temperature in relation to the

. surface to wh_ich radiation is directed through.
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at the BTE tunnel. For exanple but not by way of Ilimtation such
‘substances_can incl ude exogenous 25 chem cals such as drugs and & £90h912 @56
wel | as en&’cfb%%ﬂﬁ%”mchem cal s such as gl ucose, oxygen, |BCt/US2088I11382

chol esterol, bicarbonate, hornones, glutamate, urea, fatty acids,
triglycerides, proffBgnspresest i nimesntiam nogti dsimiddehe hiekes Vabwpes such
as pH can als . cal pH_can be rel at to_ lLight absorption
using refl ec%é%ggégf)rg t%(%g%%%g. %Sﬁ"éggﬁ?ﬁ%icggﬁfr? Frediagiop s%ﬁ@ﬁati c

vi ew of one pphef eBif8d rtefhelct anemnzeadiori Ngoappasings of theiipresent

4 nvention is El G, 35 shows a |light souyrce 420 such 95 20/10/ 2006
WO 2004/ 00137?2’3%?@'2063"/ 01558278s G nfPA8HIPED AR a REC0dEPECE or .
422 | ocat ed sicdevebyirgi dehandoti spasedr didt 1dnS UM ttisd T geE URQR4d6 such as
a nedi al cant qgltopatq'l or_nodi fied, nose pads of egegl asses directing ,
radi ation 424 %4t °t he  BTEYMNERCA3D BTt ntR%i qUBSFaRfAR WsaPeerd20Thaying in
apposi tion toptheeski Ané#28t&dn bheoBHrdwimeel wWdGhodEherdi Ohleagauiss 420
delivers the .radiatiqn 424 to the skin 428 at the BTE tunnel which is
partially abs8FB %ﬁ’acc?gorﬁ??@“ett&rtghew??ﬁ efadfli SMEROGE tReludipst ablee 432

bei ng measur edtepsubt i ngirig) tMet eRutakad FArr agkAldedn hbmalakhi gkidhe

radi at i onl(i24 is then absorbed by the substance 432 and the resulting

radi ati on’ 4255 &M tﬁ’@d Frommpeedunfdl YWsd itssebFingt edddptipe for

phot odet ect or md@u:6mg Ceon¥ers@shtihcd PoBCEsHOirddH 0 (81 PLORY the
concentration of the substance 432. Thin skin 428 15 is the only tissue

i nter posed bef S¥ETINgdi ARRHH U, SPEStrand PHeVislimst apse £3gcbelen

feasured. Thes conoentuRld Ondedcdi, SUBSIANGE: 432 itheaccanplhshed, by
detecting the nmagnitude of |ight attenuation collected Ich is caused by
t he absor pti GfFRIGRESUrtdie ofoRPRItmARISmane’ BbiengsuiRansss urealsuted r ar ed

LEDs (wave engids:Sing i{g,csa[iléDg)igﬂgg_the preferred |ight source for this

embodi ment because they ‘
- A drug dispensing system including an infusion pump

can be activated according to the level of the substance
measured at the BTE tunnel, for example insulin can be
- injected automatically as needed to norﬁaliée glucose

- 20 levels as an artificial pancreas. - |
Any substance present in blood which is capable of

_-being'analyéed by electromagnetic means can be measured

at the BTE tunnel. For example but not by way of

limitation -such substances can include exogenous

°L)- - . 25 chemicals such as drugs and alcohol as well as endogenous

chemicals such as glucose, oxygen, lactic acid,

cholestercl, - bicarbonate, hormones, glutamate, urea,
fatty acids, - triglycerides, protéins, creatinine,
aminoacids and the like. Values such as pH can also be
30. calculated as pH can be related to light absorption using

reflectance spectroscopy.

-In accordance with FIG. 35 a schematic view of one
preferred reflectance measuring apparatus of the present

“invention is shown. FIG. 35 shows a light source 420 such

95




can emt light of known intensity and wavel ength, are very small in size, -
| ow-cost, and the |light can be 25 precisely delivered to the sit®/Tb¥2006
| i ght sour PO WP ts preferably at | east one near-i nf PET@S20080E88Ngt h,

but alternatively a plurality of different wavel engths can be used. The

| i ght source esi g AadiratédnLER4and pr eftenaldeyebebnesnz 756canwl 0GR -NM

cubstance 432 BePR TR (HEROSFRevbr el PR Fho b ABE BT or4 24 R4edes o

substance 432 being nEasUred.

seni conduct or aphetiddi odentthaih AR} moaiehed dhaset gaaPhet oseRpiddswe area
96 WO 2004/ 001373

coupled to an_anplifier _as, .an integrated circuit. ) .
20/ 10/ 2006 P&#%%éﬁt%/fﬁ °B| 62238 sHofs B Fs et é30i etiithofaddper son
100 weari fig aiguppesirdat rapot Wegi434iandppbghti SPW LR 3G KARd 4odehect or 438

adapted to ne ﬁurg gi al og’iggal parameters using spectral_ transm ssion
neans. The Iig ¥ §56r &6 538nd Pifot btitecPorr o84l e dgddverantae

di anetri cal | yradopposed 42 eacknet BRinSg24 hat the Wi uineh tAschadsation
source 436 goes thrlglgrgh the nasal interface 442 containing the substance
440 bei ng neaktr Btfdet GPEOBREA g2 Cretdine d byt hhelnferactapnasgth the |

Phot odet ect or st £lel €685 1Qitlhe messhiddg rtersaliwh};t%raa%%hhgee&hi ch was
directed hr%l;dqh the nasal _interface 442. A variety of LEDs an opti cal _
fibers di YposErFIatinrrnithe Befpdif tdier dedinbiam4424 is ihem abspheedrdi al

cant hal pads,bjosgepadh2RecEr RS Ola %Y ASSES s9e PLef sl Vaused as a
| i ght deli ve%,f or _ 15 the Fi ht source 436 and tﬁglgl ig%(?lag%?%ct%%@%&
Arms of suppdftitéefuctidrBs B3E stehnal ned? al iscanthbéctmils we woweabl e

and can be adiussload:bBtor fid 1 EAENLoRASIddPTSy TOT pEREALIA0 flated: ol {
changeabl e optical path. Preferred substances meRsur ed 1 nclude %eoxygen
‘and gl ucose. PH9@dpcamEeRbrat B SO okt astbdtaone 4320w, Thitrersiaisn f428v i n

Sxtren s AR 26497 1i80ul OinfHSAG Wik RaBIPL SN 1 £PNYSd 0. The
: and the substance 432 being measured. The concentration
©of the substance 432 is accomplished by detecting the’
'magnitu@e of light attenuation collected which is caused
-by the absbrption signature. of the 'substance "being

20 measured. .

Infrared LEDs (wavelength-specific LEDs) are the
preferred light source for this embodiment because they
can emit 1light of known intensity and waveiength, are
very small in size, low-cost, and the rlighf- can. be

25 ptecisely' delivered to the site. The light source 420 L
emits preferably at least one near-infrared wavelength,
. but alternatively a plurality5 of different wavelengths
can be used.: The 1light source emits radiation 424,
'preferably between 750 and 3000 nm, including a
30 . wavelength typical of the absorption spectrum for 'the
substance 432 being measured. The preferred photodetector
includes "a semiconduétbr photodiode with a 400 wmicron
diameter photosensitive area coupled to an amplifier as

"~ an integrated circuit.
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found in the physiologic tunnel reflects central oxygenation. The oxygen
nmoni tori nggjon (@ @fl%si ologic 25 tunnel is representative of the ganerel/2006
‘henmodynami Sehd 8f t he body. Many critical conditi onsPEUERAKRIIZIPSI S

(di ssem nated infection) or heart problens which alter perfusion in nost
of the body .can beFF®ni 36r eshov®xygersdhemathe BElEw unfiela cparesant iovously.

moni t or perfugigp;and heppdynanj ¢ .changes. . FIG 37 is a
schenatic cross-sec i%n%ﬁpgﬁﬁ%ﬂr%%gh%?hg??p%/%‘fg*% &f&f(ﬁemﬁﬁ? 8fdt he,
_present invenBrbACtersi Hg st hetamtledent ssimeastiremiika oBTEal uhialamebb&s 37 shows
sa support stryctpre usij a.thermal infrared 97 20/10/2006_ WO
2004/ 001373 PCT/ 28@%?‘6’?%38’510 RSP A5 AT CRBRad 8bF | FORFC24826nd a
sensing el éneadd 4pBowpddtaaictt sermd Ngamd enped i tidhdaei ngs eekecably a
thernopile ang i n o thermal infrared radiation 452 naturally
enitted by thgp%i% ttr}(rzl)néalgc%ﬁw%es%tfﬁﬁ&r t’:ElS QTRIY Rl 90 HirdigBiP ed to
have sensing #ears: 44836V t boas frBioudH Viksw tHatarcor RaspPRgsS: t 0g4he :
geonetry and i ion of th kin 462 at the end of the BTE tunnel 454.
Support st ruc%%t{eﬁz’éﬁl provi &8@33%??% %%ab‘?l?g’@ WireenTedr BefRTeohea with

the skin 462 weddivedi dywalhes deteatbnge 9. arkadder e468rWakEh c6PNEAI NS
whi ch__has al ready passed through thin skin 462. For

thermal radi atjon_45 ,
exanpl e i ﬁdjt ﬂéeﬂ.et'hg?sn%ﬁlﬁlgse'é?ae’?f%&e h atgong ey fRf r Bhredted n t he
BTE tunnel 45hreagh3&hEelmisa ispeetrak kadiahi aaA423yedd tehas, S 400 nm

band is 15'abscEr.beg l%)é gl ucgse in a linear fashion-according to the -anount- -
of the concentTdCPontoPTEF uBLEROSHfL YHid iRe tBSr BYRPOBRy gERUeEHISOEHond i n

the pyrane riswghpeesent mBAiAE cAHUHAS0R| eauLE. pIhe £§§Ukﬂrﬁ% lgdi ation
453 i's the therpal em ssion 452 minus the absorbed radiation by the 20
subst ance 46£YSPhBSFeRuPtFngrrigrahionuasd ent ar SLighd dedfiveryd foat ect or

444 whi chisgeneeal eshansdilRe! ubgakna SiMINali gHOT 4ESAANL NG L0 the spectral
characteristic and ' - ,

: . Arms of support structures 434 such as medial
canthal pads are moveable and canr be adjusted into
differept positions for creating fixed or changeable
optical path. Preferred substances wmeasured include

20"pxygen and glucose. The brain maintains constant blood

 flow,- whereas flow in extremities change according to

_cafdiac output and ambient conditions. The oxygen levels

_foundr in the physioiogic tunnel reflects central

oo ~oxygenation. The oxygen monitoring in 'a physiologic
1 ) | 25 tunﬁelris representative of the general hemodynamic state
~of the body. Many critical conditions such as sepsis
(disseminated infection) or heart problems which élter

perfusion in most of the body can be monitored. Oxygen in

7 the BTE tunnel can ‘continuously monitor perfusion and

30 ‘'detect early hemedynamic chénges.

FIG; 37 is. a schematic cross-sectional view of
another preferred embodiment of the present invention
,using thérmal‘emission from the BTE tunnel. FIG 37 shows

& support structure 450 housing a thermal infrared

97




intensity of said resulting radiation 453. The resulting radiation 453 is
then converted into the concentration of 25 the substance 464 acgpydion®d@e
t he anount WS 2Z00HMHH  energy absorbed in relation to theCTalssnencss:
intensity absorption outside the substance 464 band. The sane- pri-nci-pl es
di scl osed in theeeptesents whiv@nhkenacall e usedahar angahsimy ralleg@nt

transm ssi on ?8 nea urerre(gts as.well _as for contjnuous wave tissue

AFGat ol of2HENSEBEITY  UrBERE c&%Bs BRtRY oPREfe R ol 2

oxi neters, eva
conponents. ThiesudsilanCendreassib @t iGN the tEdRaeNous SuEh @a%;gkyegse or
exogenous such__as al cohol and drugs including photosensitizing drugs. 98

VO 2004/ 001373°20Pa51 5008 SBETFE82663Fb%28ES R ouse Su it 5u9PPEEt ur es

can positidn senase@dreatssot he BidpSéd &ed MaveeasHELAG REHOGisGal,: PR @net ers.
Accordi ngly, El 38 is a side perspective view of an alternative .
enbodi ment ~ shbWfHY £IpeliBH 1R tUsICRETRERRPES nb@nt EBege@fomErdYasandsupport

structure pos@iméniiRg W hehavi $i6% 4/ and SaNseka 486 eRet RerskiAngd the BTT
site. A mcroelectroni c package 472 containing transmtting neans, -
processi ng nmehtl, SHRPPSWSCrEchree £30 dpapdises wWaltsi 456r #BBnwhdclon head

band 470, witdrsaid dipadcbanded Oty QIRLOUEST N9: i ££;5 f 18 IO Wrear ;
m croel ectroni c package 472 for connection wth sensing nmeans 217%90n t he
skin at tHe BTIREIT%. 448 vRidhdeoniedos tthermehe rednathon néShswarh be  an

ntegral par tndf shbeadyPPAlded HUSklL echly i GonRgCT ed 15 Lo any support

structures such as using convention asteners including screw, pins, a
‘clip, a tongue-gr&8eve exesPdei dmshilpe thewrdldoki sepixdcesd dhemoilly

attachnent, %Ii'; sives. nhechanical joining, and the like, and said supporgt
Structures’ 1 APO0E BRPERGRIOR | 56 g o el Hne sl nefriceligin - and
the like. Varspegsrabansadiatioavi de3elagittieaal agnes gyod 0 shhepas@nsigng system
wer e di scII ose%. Tge BTE tunnel offers yet . '
5”7 absorbed by glucose in a linear fashion according to the
amount of the concentration of glucose due to the carbon-
oxygen-carbon bond in the pyrane ring present in the
glucose molecule. The -resulting radiation 453 is the
thermal emission 452 minus the absorbed radiation b? the
- 20 substance 464. The resulting radiation 453 enters the
infrared detector - 444 which generates an electrical
‘signal corresponding to the spectral characteristic and
intensity of said resulting radiation 453. The resulting '

radiation 453 is then converted into the concentration of ' ~)

25 the substance 464 according to the amount of thermal

_energy absorbed in relation to the reference intensity
absorption outside the substance 464 band. |
' The same principles disclosed  in _the present
invention can be wused for neér—infrared trahSmission
30 measurements as well as for continuous -wave tissue
oximeters, evaluation of hematocrit, blood -cells and .
other blood componenté. The substance measured can be
- endogenous such as glucose or exogenous such.as alcohol

and drugs including photosensitizing drugs.
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a new way for natural generation of electrical energy. Accordingly, FIG
39 is a sc i.c diagramof a 25 preferred enbodi nent for genersifng/2006
t her noel ecwg)g@é?r’ay fromthe BTE tunnel to power the BEHES203/812882em The
generator of the invention converts heat fromthe tunnel into electricity
needed to power thEUBRSEAUSMSURPOrhephpDetBotas ccarndulisd tioni nbegrad edt i nto- t he
support 30 stgyet ugert 0 pewer (fhe [ system  The.thernmoel ectric

modul e preferably includes a thgrmﬁj%??%]p%%ga %} éeTiro $&80p E2TRRFER Tonpr i ses
di ssim|ar nefafeidinglyes Flst.mi 38 & puncideonperipeedtenmanes foroms he

stunnel throug her 3L ule an electric current, is

gener at ed. 9%1%/\%q’zao%g%oodf?%‘(iﬁo%g%gg PETIGES083//FP2385 28 e*d he BTE
tunnel is SurrewHtst dRpcdl’® megieossppbhe sCeehanle gfddetosniy prdyt de means
for generating: y...4 nduci ng., .el ectronotjve force (enf) in the
presence of ggl]fp%\rrgie?é;taurfde%ge?nasﬁ’freﬁt-’gdﬁﬁ t ediskf?i%ﬁtf%% BT i@ ritt 5
charges at theicurelacerantici npackage oft7the cduteiADey eCihfski ditd

gener at ed by rﬁ%g egy%gésuri% at__the BTE, tunnel . Accordi,ngl%, FI G 39 shows
the junctions 4n ot et WA e WiTE ROHID SRYTHE 41 | UsRIEB 472
kept at 10 diftfldmentr tmeovyntedt vhebeby Phaci B8P0 URLEH Ok ikl @tad heqgmin entry
poi nt of {se 21 junctio 2_in acold area such as the nose bridge
(denot ed IIIOE b#t@%ov&rﬁﬁjpe ‘ﬁlﬁeF{lé-g' fBOma B FErLeFEPHE Rarkagep|4ié- pur pl e
nose). () Netraldonoewties w7 GeawednB 4€2nar e7sesle ©ie diienentenld
material s an I@Jec;dric current flows fromthe hot to the cold region due
to the thernma gPé Fent with a magni tude given by the ratio of the
thernoel ectric potenti®t .isThendep@tBPE i Bhat) Lhe TEMEIY Y ddanis( B8n- b@ P) * (
T1 - T 2) where.% anﬂ Qb denote the Seebeck coefficient (thernoelectric
20 power) of *RetHFeR ahPardt &F Bbe afitPPEr tiatigiesurenperka waanegteghe entry
poi nt of 15hetBTRAwNsebpand g’tlamc{%&ggessughenygrat&giqlgatcgﬁq,%nleligﬁégurpI e

nose. The th%r noel ectric )
asteners including screw, pins, a clip, a tongue-groove

relationéhip,. interlocking pieces, direct attachment,
adhesives, mechanical joining, and the 1like; and said
Support structures include patches, clibs, eyeglés’ses,
20 head mounted gear, and the like. _

Various  means to provide electrical eﬁergy to the

sgnsiﬁg system were disclosed. The BTE tunnel.offers yet

a new way for natural generation of eléctrical enerqgy.
Accordingly, - FIG. 39 is a schematic diagram: of a
) 25 preferred embodiment for generating thermoelectric energy
from the BTE t_unnel to power the sensing system. The
generator of the invention converts heat from the tunnel
into electricity needed to power the system. A
thermoelectric module is integrated into the support

3Q . struct-urerto‘__ power the sensing system. The thermoelectric
module preferably includes a thermopile 6r a thermocouple
which comprises dissimilar metallic wires forrﬁing a
junction. As heat moves from the tunnel through the

thermoelectric module an electric current is generated.
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potential generated can power the sensing systemand a capacitor 474
inserted into the s%stem can be used to 25 collect and store theenrengy Eog
MCU 476 | sYHEBY¥E3 B0 - controls the delivery of energy aBChaszma/ofns:
nmeasuring, processing and transmtting the signal. ‘It is understood that

ot her neans t&icgomveh¢ BTEr tminelenes gyufroamdede BTclunnehibAtp ehectricity
can be used. é(e)béékl s%tal 0 understogd that the surface of the eye and '
caruncl e in t RE-BYE cAI ProTPHe PEOYREF nBPaRF atferdeieTa t 188 BRERY ebY ect |
however it .isintehidesslatesonabl s t Pafce Usemg) the ki Nnpatsdhe epd of the
BTE tunnel sipce hardware and wires touchi nig t he surface of the eye and/or

100 WO 2004/ 0bTFAF S0 Bo/ SERIGEIPCTABS2083/ FEE382PEbHPhg Jut SSECERECeye can

be quite ufcoahordeadl e sdnd rE@USEIrHREl | OBng Copidaaifhde0 tRat ngxerous
support structures _disclosed in the present invention including eyegl asses
5 can easily DEEHRFICEHTED FrEGHie  BFrgRabedbbrusiife FEFRPRTATNE poer

generating syshiemtf tl:hgel nvention, for exanple by using a support
structure such as eyegl asses for positioning the hot junction at the BTE .
site using medi al ACRREREII HhadSlGnd Doshevonthr) IwRCtdEng jTnctidnTdn the 10
nose using regulwecdM0S@ RAGE @f EAEeURPSRScallilic $:3kSe Hndersfoogd that

al t hough #he ower generating system using Brain Thermal Energy was

desi gned or"gd‘w@rieﬁﬁ FePedNIprAgPEyBlerind funetdrasBat at nvemthaoin any -

other olectiddialy gevhecoroubdl Oflantell {8cREaaupp! 120, Ell Do, Lner oy
derived fromthe Brain Thermal Energy tunr‘?el . Addi t1 onal enbodi rent s

i ncl ude suppdtChstasuctisg eBo3® bpidde | ddendeedemsoblae ©re BFPlsi tim of ‘
ani mal s. Manyrgusehfl app i atd ca .achiev i i ng.enhancing ¢
artificial .insemnation for Cx?ﬁar??*rg??anﬂgg%c?eg{y%gaedg%éf? ngmrrsoegént of o
ovul ation, mfstedlingwiced Readtth Byd EomtThueus medet arfi ngidfedsrai n ‘

tenper at yse, (debesli On. el%‘?:rt&%i_ LPRAPAE 08 14K i the hot to the

cold region due to the thermal gradient' with a magnitude

given by the ratio of the thermoelectric potential. The
potential U is given by U = (Q, - Qp)*( T, - T ,}, where Q.

and Qp denote the Seebeck coefficient (thermoelectric

20 power) of metal A and metal B; and T; denotes temperature
at the entry point of the BTE tunnel and T , denctes

- temperature at the blue-purple nose. The thermoelectric.
potential generatéd can power the sensing system and a

- capacitor 474 inserted into the system can be used to

25_‘ collect and store the energy and MCU 476 is adapted to
controls the delivery of energy as needed for measuring,
processing and transmitting the signal.

It is understood that other means to convert thermal‘

" energy from the BTE tunnel into electricity can be used.
30 1t ris also understood that the surface of the eye and
- caruncle in the eye can pfovid.e-r a thermal gradient and
Seebeck effect, however it is much less desirabie than
using the skin at the end of the BTE tunnel since

hardware and wires touching the surface of the eye and/or
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Accordingly, FIG 40 is a perspective viewof a ||l preferred enbodi nent
showi ng an 'G, 01 1 with sensor 25 480 positioned at the BTT HiteowiAdoe
Wire 482 connecting sensor 480 with a mcroel ectronic pakKEHYe208802382

containing transmtting neans, processing neans, and power source in the
eyel i d pocket “486"%f °&hi Rfl 8A. eBpgriEn fhonuuiier oakevfeomiklepamkage 484

is preferablychhgasiiddedoas 30 radi o waves 489. The signal fromthe
transmitter in package 484 can be conveyed to a GPS collar allow ng the

identification of YH¢I@&¥nalthavihata hiugkreenpesabpeet assoocatsts with the
ilocalization gfssaldbaanimalydy, PS ' . never. there i s an increase in
101 20/ 107 2806 U0 SOEOa s R B evRa s

brain tenperature

i dentified® byCthetasdiyi hg Adapsed8® prveide gial amfuritgirust espeaaidl e
“activates thecfPSERIA AnlPaPLQV the -lpcalizatian of the affected
ani-mal . Al ternat i%vel y t%ﬁg ?errrg%/escfsé: 05t 51T o 1t R nd “hafid ™
activate the PPSUBisgstemsubpart hestalmronnal sicinahsi syeedeisked. dor thi s

case, the tragsditibes in qlﬁgg- .onl y_send e. . signal to the renote
station, but hot to tﬁg Eﬁ% co Iejau;}].%%ll—'gﬁ X‘ﬁl'%“? }Ty]ﬁéf:?pgﬁﬁlgem of a
port abl e suppernthadt repstsurandiopoposidnioni NtheSeasbd 483ct Mok 0BhaGhewi t h t he
10 skin 484 at,dh i r_nmeasurin i ol ogi cal paraneters.. Support
structure 490 1 ncglrsggaga?géséégano?%e‘?%sng?tgreW Sge8ont d¢t FefdEP 492 is
“hel d by a secuw¢rpepsdn thatf onlpbsidgh onheg pdeerserpperdd2ngn diieeski n 494 }
and perform .t he surenent.. FIG 41B i§ a, 15 perspective view of a
portabl e supg%rl%lgspggg u?lgeﬁ%l Vé:fteﬁgngﬁﬁsggﬁbg i {0 RMPLISS- EHRt act
gensor 498 sisehsasga sydteopifl e thkt hpfeddrel d iabeMt e¥n | hainmtghes in total

or in part the eonet r%%%ﬂf_ci%d%gen ion of the skin area at ~ the end of the
c

BTT. Support structute aPd29RPEA ok RPr H9@BLEREr WdRBter i s

hel d by 615S,eceoadgjbeiesﬁﬁreﬂ05roihOlfhé)ciﬁiatihoﬁhé\ﬁnélh%n%% Fufif81 and measuring
brological  parankd &% onlh t IoB9 i mind s stiaas’ Somsort ttuetarendea”
position the sensor at the BTT site rof animals. Many
ugeful applications can be aqhieved, including enhancing.
artificial  insemination for mammalian species by
-20 detecting moment of ovulation, monitoring herd health by
‘continuous monitoring of brain temperature, detection of
parturition and the like.
- Accordingly, FIG. 40 is a perspective view of é
B _ preferred embodiment showing an animal lOi with sensor
3;) 25 480 positioned at the BIT site with wire 482 connecting
sensor 480 with a microelectronic package 484 containing
 transmitting means, processing means, and power séurce-in
the eyelid pocket 486 of animal 101. Signal from
__microelectronic package 484.is-preferably transmitted as
30 radio waves 489. The signal from the t¥ansﬁitter in
package 484 can be conveyed to a GPS collar allowing the
identification of the animal haviﬁg a high temperature
associated'with the localizgtion of said animal by GPS

~ means. Whenever there is an increase in brain temperature
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infrared detector to the BTT site can be used in accordance with the
invention, the tenperature neasured 25 is not as clinically usefad/beyaupes
of the anbV@il¥0fherature. Therefore, the support strREUPEREBE23820Nt ai NS
wal | s 500 that create a confined environnent for thermal radiation to
reach sensor #98tfifgmad: ey dibien seweingt heahsinaed, Vhé| sighdl obf t higisupport
structure are d tch t ge tr f_the tunnel, .and_to

provi de a cav?%&%%%%\%\n%t hg‘?ﬁ{e%go%&ndgrﬁ?es@%%nﬁ%égfﬁg % HRYE€EnsHe surface
492 and the skeorldrzeaidf3 ofi evied bffestdd saimsar. 488teimaiveliyivi tiés manner
as described for ., FI.G..37. 102 WO 2004/001373 20/ 10/20Q06 _PCT/ US2003/ 012382
It is also un%?ostteoggdfﬁaft%h?n variat-8Rs are’ ‘!e%ﬁ FETEVRES ohR® FF%r di nary
skill in the sydteandwhere tiket hibmorhelscopmaaf ide resvenéd on.inFoghianst ance;’
one can pleué%é% seg or .on the skin ., at the BTT site and 5 subsequently

pl ace an adhesiVe t %% ot FEPFbF 5ai*d sBASHTIIE t §%¢ectRY t FEPERNSTE i n
position at tdhigrBITtsi tke rHnige bBathbs, odionesd the enseni1dees not need
to have an adhes%\fie;' sgg{ace nor_a suEgort structure perpmanently connected
to said sensor. 10 Pt T8 uttidt REGSHEFRAYS are eI ¥ BOREAPLEI S\ERHST

t her noel ect r istraeB80€, 486 0pSi G BARGOlsenBbLZ @6 €¢hT E6nt S@NSHIth A cal
sensor, rad the I'i ke can be sup%ort ed by the support structure for a
measur i na bi ¥9Gi cAP*pathndttt s BTn 8LEBr diPk e MAASHTERE pPIPRSHIGEE of the

i nvention. |tparamdbetdersiprett N3t rSONSQAY S 4D NAnBBPESAIEId | Gs  a
potentionetrig, conductonetric, gravinetric, inpedinetric, systens, and
the like can™HETHSRE TN Hitd 2afpRFAEUsEHIeAh %ndEnkebd BPvra tdesomdasur enent-
of  bi ol ogi cglerpah alet £65. pdditi®ndhgocHBIELRLGP N §at, QT3 f@yms for |
bi osensi ng can be used spg% as changes in 1onic conductance, enthal py, and’
mass as wel | 288 PRFGABBIRE nt Bhaict MemsuzaRenthe | i KBIG. 41B  is a

15 perspective view of a portable support structure 496 with

walls 500 positioning non-contact sensor 498 such as a
thermopile with .a field of view that matches in total or
in part the geometry and'dimension of the skin area at
- the end of the BTT. Support structure 496 inéorporated as
20 an infrared thermometer is held by a second person 105
. for positioning the sensor 498 and measuring biological
parameters. Although it is understood.that pointing an
infrared detector  to the BTT  site can be used in
‘accordance with the invention, the temperature measured
25 is not as clinically useful because of the ambient L
temperature. Therefore, the = support structure 496
contains walls 500 thaﬁ create a confined environment for
thermal radiation to reach sensor 498 from the skin over
" the tunnel. Walls 500 of the support structure -are
30 adapted to match the geometry of the. tunnel and to
- provide a cavity 499 with the boundaries consisting of
“the sensor surface 492 and the skin area 493 viewed by
said sensor 498, in a. simiiai manner as described for

FIG. 37.
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The foregoing description should be considered Il as illustrative only of
the princi \Woeﬁ) Q@#he invention. 25 Since nunerous nodificationAnd/2006
‘changes wi & |”;7 occur to those skilled in the art, PET/US200t123asi r ed
to limt the invention to the exact construction and operation shown and
descri bed, and, actor disngh¥so alundesgioad| ¢hasdi haont IGnsiazndnequanal ents
may be resortgglld t falli h pe of, the | vent| on 103 104
20 Cctober 2006 %%Alg/% Ge &gulé%%ﬁl s){rglé gfe or p agé e skin
at an end of Wik n“—l'teurm?@Pe odi dhsuppoedt istr. uEour &nscaﬂ@éj s¢rtt-:g @arhousi ng
#for placenent he, s t e of the brain, tun and a sensor
contained in %ﬁ%%to%m n@ge@lngL rrglgsugh?ng Si gnal & pFSﬁucg’gTon SR da n at the
end of the br%ttbﬁeqtu@nnétr phaiel ssenrsibesbet ngapeocat edpadfasent éensr edge of
~sai d housi ng. tf s SYhport structure as. claimed in claiml, wherein said
sensor is p05|t|one Ceccentriear I v ROSt e hdtksi BIT HHd ssuppdtiE
structure as ¥l afhied eanﬂmlentlthWneleeearaddestﬁaeenfal’eamtén mwkernedge of
said housing 42,30, oug er aec((jage of said sensor is equal to or |less than 11
M 4. The sUpport  strutture aB°%l a medPPRTE| a‘?trﬁ“§t”\mer8?ﬁ“%rt?é“&¥stance i's
equal to or |®ssethed €o maid Sendbe. support structure as clainmed in claim

. 4, whereip the di $lance | S uaI to.,or less than 3 mMm . 6. The support
“structure as claiied in cli‘dar EPO AL PRhi LRSI TRl uRSESRE | east one
of a patch, thechbplecrmedi aleneant hakcqastiof Qraghassesiesdmudichied nose
pad of eyeglasses and hseaqn nount ed gear 7. The support structure as

claimed in clPAPRPE. FRETTn SS2FGTpafbh FRasliks JasP muprprtath AY its

great est di mensi sppdrt Tdt&u&ﬁﬁﬁ@rfoﬁtrﬁééfédﬂlﬁgaﬁlsiéé{@éjl igh Gk yd, wherein
sai d housing, |nglgg%€% power- sour ce. .. The support structure as clai med

inclaimi, Wie F MAEB ﬁ’@elli’?’c%rtfd@éeﬁ RF cFloprbeeansdon. 10. ighe

support 85T uahaessesoe! al NBghd Nl ddABoks Whergimsal d hausing ol udes a
wireless transmitter. 11. The support structure as cl al ma(?ln claim 10,

wherei n sai dPRF P EOEtEESns i t t er COPERGEEREETIC, S gnal tgraaftlmleeast:, one of a
radi o frequen@ysdduedhilic, S%Qgeﬂgd thckﬁgmgtg@t IGn® qys?é]‘é. Squort
es

structure as clained in claim1, wherein said housing inc Tocal.
reporting dBRRTEHUSY Ioécalthleeperltfﬁh‘gl@f tir sitdweal meh&nritnentsup@f)rt

Structure aseCimigiedal DCbbibl0: whergl 0asg! dobaealoLerontl ng,fovi ce

reports t he _si gnal % | east . one of a visSua 10 an ac
transn1s%9cn1°rm5 for biosensing can be used such as changes in ionic

conductance, - enthalpy, and . mass  as well as
immunobiointeractions and the like. |

‘ The foregoing descrlptlon should be considered

_ as illustrative only ©of the principles of the invention.
i_) A 25 Since numerous modifications and changes will readlly
' occur to those skilled in the art, it is.not desired to
limit the invention to the exact -construction and

roperetion _shOWn and described, and, accordingly, all

suitable modifications and equivalents may be resorted

30 to, falling within the scope of the invention.
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14. The support structure as clained in claim1, wherein said sensor is
passi ve. 15. The support structure ai cI ained in claim14, wherein said
passi ve sensor is powered by an ant ¥ha. 16. The supegg)htogérrzygé ure as
claimed in claiml, wherein said sensor is active. e support
structure as clainmed in claim1, wherein said sensor neasures brain
t emp&l&MPe. 18. The support structure as claimed in claim 1, wherein said
sensqr neasures ose | evel s. 19. The support structure as clained in
cl ai m 2 SUGPRt %ga rlacraspt gruthe skinsat gpyagd 9f p &iain Winnglpsaid SURROTGHRIFIUD 06
20. FREPUS 8r nguet [aeermEntcp g 8kin it dieaprd oF thgheiain Hingal @nd énseyisor
e mﬂgfﬁe'ns ysing oy dpeasuring SioTRls RIARISEH 1onssaid, ekin s the eBe 4 ARRiBYan ¢l ai m
gh gal éieﬂs%r ﬁ@&ﬂoqm%”b@laé'@dgﬁ?”%@o%ort structure as clai ned
|n cha e r ur.es .bl o ressure,. ort
Str %etﬁ% %u 60\'(‘4& srtr%'c{& dé 3&. glaﬁ'ﬁ&jﬁn ﬂlcla'ﬁ\%magrv\ét}erelg g?g Sﬁﬁﬁosrla%ﬁoclttl%pa &ggergncaﬁ RP
transm ter for controlling an article of manufacture. 24. The support

Strugt yRé saspdil SUBRSte 18 GiRbMin Braindheileheis @l dstaide Fof A cIBNSHRCL WA

i ncl Hel@singo anl RastedaB e §did 3enBBfiscAlalle b R8s tRNeGhse equi pment, R breycl e.
clothing, footwear, 'a climate control system an electric.blanket, a

vehi 4l 'ﬁtesaaﬂportfstma:tuﬂewse:,talmp@Mﬁat&mjl\:\ﬂmm trendistandel i aqyal geariessthan mnﬂn
support structure as clained in claim1, wherein said support structure
i ncl BdE wPRPi sluctuieasainimeedn clgig, 4, Wter%rmﬁt@@sta@ert@@qw & adess ttaamrécmm n
cl ai 5, wherein said redtr nsmtter IS connected a. wre
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pi ecks. The support structure as claimed in claim 10, wherein said local reporting device reports the
signal by at least one of a visual, audio and tactile transmission.

14. The support siructure as claimed in claim 1, wherein said sensor is passive.

15, The support structure as claimed in claim 14, whereln said passive sensor is powered by an
antenna.

16. The support structure as claimed in claim 1, wherein said sensor is active.
17. The support structure as claimed in claim 1, wherein said sensor measures brain temperature.
18. The support structure as claimed in claim 1, wherein said sensor measures glucose levels.

19. The support structure as claimed in claim 1, wherein said sensor measures oxygen levels.




i ncluding a support bridge and nose pad portions, said support bridge
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33. Eyegiasses for measuring biological parameters, said eyeglasses comprising a right lens rim
and right temple assembly, a left lens rim and left temple assembly, and a medial connector piece
including a support bridge and nose pad portions, said support bridge releasably connecting said
right lens and right temple assembly and said left lens rim and left temple assembly.

' 34. The eyeglasses claimed in claim 33, wherein said medial connector piece contains a sensor
located adjacent to an edge of at least one of the nose pad portions.

35. A head mounted support structure for measuring biclogical parameters in a brain tunnel, said
head mounted support structure comprising a housing to be worn on the head, and a sweat
sensor contained in the housing being operable to receive sweat fluid from the head and produce
a signal corresponding o a concentration of a substance present in said sweat fluid.
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contained in the eyeglasses for irradiating said skin, a photodetector contained in the eyeglasses

for detecting an intensity of electromagnetic radiation emitted by said skin, and whereby said
photodetector detects spectral changes representative of a concentration of the biological
parameters being measured.

47. The support structure as claimed in claim 44, wherein a light source and the photodetector are
located side-by-side in the eyeglasses.

48. The support structure as claimed in claim 44, wherein a light source and the photodetector are
located opposed to each other in the eyeglasses.




54. The nethod as clained in claim51, further conprising measuring

I nfrared absorption of at | east one, bstance in said tunnel for

determ ning a concentration of said substance. 55. Th%@%g%(ﬁ@ claimed in
claim51, wherein the biological paraneter neasured includes at |east one
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54. The method as claimed in claim 51, further comprising measuring infrared absorption of at
least one substance in said tunnel! for determining a concentration of said substance.

- 55. The method as claimed in claim 51, wherein the biological parameter measured includes at
least one of brain temperature, metabolic function and blood concentration of substances.

56. A method for measuring biclogical parameters in a brain tunnel, said method comprising the
steps of directing infrared energy to the brain tunnel, producing a signal representative of an
amount of infrared energy received from said brain tunnel, processing said signal for determining
a vaiue of a biological parameter, and reporting said value.

57. A method for fitting eyeglasses, said method comprising the steps of measuring infrared
emission from the face, producing an infrared image from said face, and adjusting eyeglasses
according to the produced infrared image.

58. A method of warning for thermal damage by thermal radiation in an individual exposed to said
thermal radiation, said method comprising the steps of measuring temperature of said individual,
analyzing the measured temperature to determine whether the measured temperature fits a
predetermined criteria for a condition of developing thermal damage, and notifying said individual
of said condition.
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59. A method of enhancing safety and performance of an individual during physical activity, said
method comprising the steps of measuring body temperature and determining a type, amount and
time of fluid intake according to a predetermined criteria based on said measured body
temperature so as to enhance safety and performance during said physical activity.

60. A physical activity management device comprising a temperature sensor measuring a user's
brain temperature, a processor determining a thermatl state of the body of said user from said
user's brain temperature, and a reporting device reporting to said user when said thermal state is
outside a predetermined value.




