;e3e$ 6Tbf1l TAVMPER PROCOF TEMPERATURE MONI TORI NG DEVI CE Field of the

| nvention [0001] The present invention generally relates to devices for
nonitoring the tenperatures of an object, and nore particularly to a tanper
proof tenperature nonitoring device that nonitors the tenperatures of an
obj ect continuously. Background of thell nvention [ 0002] The out break of the
severe acute respiratory syndrone (SARS) in 2003 illustrates the serious
heal th t hreats tHRAMRER PROHFEMPHERATWREZVIGNIDORING: PBY4CE coul d i npose
to the public globally. Due to lack of effective cures for the SARS,
measuring the body tenperatures has been proven to be critical in

contai ning the spread of the SARAIPSHGREIRvaIHvACCt ed individuals with an

el evated tenperature were quarantined once they were identified.
Apparently, successful containnent requires continuous tenperature checks
and strifogent quarBm pressntoinventoe geadrallydieldteliad slevidewdve monitoringnthiey
available te ergéyre nmeasur enment devi ces mat):‘(;l be useg for tenperature

checks, BPe UL PR Yl T RFARLArTY 9B IPTEROST RS TR IoriAg
devi ces hay® tﬁ@teiﬂorﬁfo?é’{hg‘?é}nﬁé?%mfysfoffﬁﬁ 8bfectdlinGislyons. For exanple, US

6,641,544 to Liu discloses a body tenperature noni'toring device that

i ncl udes a processor unit connected electrically to a tenperature detecting
unit, a data storage unit, apydi Iaﬁ u i%% and.a control key unit. The

devi ce stores the body tenpepéf@$"“ ﬂﬂgf IVEROM the data storage unit and
di spl ays such information on the display unit. However, this device does
not pr ovy any ne ] i uni t
is pr operplgdjz] attac h:lgét %&?1%212 SE %@%&é’%ﬁé&fﬁgg % 1& g%?}ggfﬁscgﬁhﬁégggﬁﬁﬁ ht%g? eis
no way tiblukirases thiaestheus tehbh tlenge that dreeerhergenoratfinew idédctotsephthygenk eould

tenperature detecti unit. i s_accu e 0004] US 4,819,860 to Hargrove et
i a schst BB BBy DR FleRk & elreiinchuts el S ARt B ¢ ha
conpr i sesody! RflpeARAES had BOS NYvER AN Be LOlicABAIYhIaNn ke RUHEAEOS fleSS QRSAN

i ndi vi dual , means for neasuring the body tenperature of ‘an 1 ndividual,

means f dreceasepasperied individualemithpanl gevated tenapedatsdyercempemtined encd thepe

i ndi vi dual _t reset limt and ns for geperating an enmergency.radio
si gnal i‘?jertehlgéﬁ%@%cﬁ r &p pﬁfﬁr@g F‘é‘icgssén%ﬁ]dcont?n[}jgag rﬁméggp@%oqsntgmg%éursny
ener gencohebbdihbtrigpént Jfub@AtinddoyestepectddRIMBMIANT Holweerf dhdréntlyOavRilghlbde
means to determ ne whether the pulse rate and body tenperature detected are

accur at deMpOBYEE WSAPOTBFIBOBYTES nay ths Wieg| vy tempedaturgj chepless duit glgmand
anbul at ogX)(erl%Ner}estO%%grat ure nonitoring systemthat conprises a skin
tenperature sensor and an ambi ent tenperature sensor. It also discloses
that a Sk003] conducTémpénitiensonitorygbaevioed heded Beenppsidel ffoeddidkent

i ndi cati ng, whether_ the systemis properly attached to a patient. However,

the di sciPRSEYIWstoRF¥sBRIede Ogrdwidrttoilit fisslpsesahbedi iSg PSR ARONIOTING not
sui tabl gdyale tﬁﬁq}fcc}.ﬁ&%sbhg%gf@s%%ﬂ ﬂlit%'nﬁgct?chél@%‘ééll}p{ooaotfﬁ%légmg At Tl | OF L N9

device is require erefore, ere 1s-an | rative nee ’have a
t anper pr dath st@npevaitux disptayi wot, iand desited kehainitc afihd dedsedtokes tharbody
situations such as.SARS out break. This in,ventiq(in satisgi,e this need by

di scl osi FPErfURaforpREeR 1} g?ﬁg%tat%ﬁrég%mttaaﬂi tplepsyucs i ?ﬂimaeaﬁ ROt or

the temgagAhyiRit OHoWEvODIAS HeViBMMBb&! Mot HPG 1803y AASOYdetdoh] %14@1%996.5 of
this invention will be apparent wth réeference to the detaile escription.
temperature detecting unit is properly attached to the skin of the targeted person, so that
there is no way to know whether the temperature information detected by the temperature
detecting unit is accurate.
[0004] US 4,819,860 to Hargrove et al. discloses a wrist-mounted pulse rate and
body temperature monitor that comprises clock means, sensing means for measuring the
pulse rate of an individual, means for measuring the body temperature of an individual,

means for comparing the current pulse rate and body temperature of the individual to preset

limits, and means for generating an emergency radio signal if the measured pulse rate and




Summary of the Invention [0007] The present invention provides a tanper
proof tenperature nonitoring device for continuously nonitoring of the body
tenperature of an individual. In one enbodi nent of the present invention,
the tanper proof tenperature nonitoring device conprises a secure strap

W th a capacitance sensor for detecting the capacitance i nduced within the
secure strap so as to prevent the device from being tanpered; and a sensor
modul e t hedy tempeptadel ipdicaterraytesnangdrivy trhalicd citnaicst r dpwseers thatmdrtier sksosor
nodul e can, he secured onto, the.indjvjdual; wherein th ensor. nmodul e

e udes s ABRGA Reei b dcleRatd Phehérfe byldF RS oBd boty RERRHOWESEsRon;
dat a progRSscupict for receiving and processing electrical information, and
transmtting processed infornmation to the nmenory unit for storage; a data
transmi t {008y unit BPér 20eHE069Hg addta Maiedes et iahgdietlests e aimbiuddtoryrakinon
fromthe nenory unit. and a _bas nit:.and a.skin t erature sensgr. for
reasur § n e RobARE SeRREtat Coherifi St bR e R i
signal s empehguekieAsdrempalsatdidcost tHaha sRBNEBIndubtivity sdn8&0Bhy bbb if@ided 10
enbodi ments_ of the present invention, the tanper proof tenperature

noni t or i RpViiseedbagkaindicating sthedenibeisydem anproperlygitashedipsopatieni dlemevsy a
skin conduci:i vl k in t erature . spr..is.in

ot oper oty s Hoed BOFRRL i ek UL A SRS R A S B Bt ur e
sensor f situatidasinrwiich b ens prafnahpgatardiheitoringrieeicativifequited. ensur e that the
monitored individual is |ocated at a correct. anbient condition; an

i dent i fi [99P81on t agTE‘FYEE‘Eﬁ eigHE AR IgRFRLYH Reshio have @ tempeidRiePE EmmsTatge
tamper ' fonitdrifl4seiod 5 an’ O uEASRNAL) GRS 368h A6 SAMES Qi Ughisso as
to ensure the dévice belng tanper-free;” and a secure strap conductivity
sensor f oventbassatisfigs thirenedngudiselesing achmpbreproef tehepesdti@pmotit@inguderidehe
device b in&gﬁa&ger-free. {0009% Anot her aspect of the FreSﬁnt i nvention
pr ovi des™4t FASTASRTOr dhe KERFTBIE Ah2R Y aRotnscoptineousty. Aherndivantagesl by
usi ng_that hThedBh AN bk SBPREAMIPrRROIL:Q iR ERsdrfpaBECOT dance with the
present invention. The nethod conprises checking the capacitance of the
devi ce by the capacitance sensor and neasuring the body tenperature of the
i ndi vi dual continuously by ths skin ﬁgqgebgtune sensor; thereby the device
can nonitor the tenperature oP"IHRaryfithe ayentge heing tanper-free. In
certain aspects, the nethod will also check the skin contact between the
device a he | ndirui (e VA i1g that
the ki ey elper at ur b Shaenniehiioh RARNEUEEY, bibcTEFREraLft 1RIRID

i ndi vi dudé¢vicarfaseomg¢intbesly umonitonici e thetbiodpttempenaamratofran mflividvenli ddionedual
by the anqu$t tenfﬁégture sensor tq ensure that the nonitored individual

i s | ocat EFOXHMELE 8 PSS BRTO8N Hi% BT PHCL KCRErAPIE JAfHorge qeice

i dentifigahpidds ha@ely sidf Wittt thidcfaideARndR FoPAGEMEEhE REFAcitHNl infi@ed
ensuring the device being tanper-free, check the pul'ses of the individual
by the pwithin terssevressirapssot & enprgventithe deeive deonbdeing tampomd; ande, seas/ or

measure th uct i vi of the secure str b he .secure str

conduct i %o? 91%2%?1 S\ &egg%}%gor{ngcg _n"g'?lkF ghet %egu&egipa@ey%éﬁaﬁ g e mP?i@g .c_afld)ﬁ 10]
The advagdcagfiso@b thben@ivehant whena thedBersbE isditld Rafluddien Mm@y Wik est
mul tiple sensors ensure correct tenperature readings by allown

unobt r usTegelvih 8nd j siering ¢lestingad rinbrmadings Rodrtarmyoessst Wit fon redséving dpd
surface. : ol e]P j f in t.ion is t rovide a
Ferpor ai Bieae ot oY B EoP ik uERRE b SR bl & BEHHESY
peri od ofinit €0PBahe;ca Ndwk ttdhbmittiag ddiatfod rede@ving edridablajsiBaBg rdedtiEal
tenperatures of the obj ect continuously. [QO%&% The objectives and
advant agB4orEratioRdrom, ae tR@RORY; Yt prd drhasaypHr ard af skiniemRerpiyre ssmsagfor

det ai | ed g . . i with
e acoomaaREip he A mBl S L bE AR AP RAE nbihiile 48 FAANG OB
Pr ef er r empebtde tethesnasayruditng to the present invention wll now be

descri beﬁg@f h reference to in which like reference nuneral s

he. Fi gures
denote | el ement's “f1BiF1 S ORI 9 sfhgnpTeé%EQYthIQPe\Rheoftalflﬁ%r_ PEier
proof t eppfkAlue thdiBHhO UbNGe ARY iehe: BoRBANY $ABOF ntrd BerRHR ifiAAE 7RRhL of

the present invention. '
conductivity sensor for ensuring the skin temperature sensor is in proper contact with the



[0015] FIG 1 B is an orthographic view of the tanper proof tenperature
noni toring device as shown in FIGIA [0016] FIG 2 is an orthographic
sectional front view of the enbedded | ayers of the secure strap of the
tanper proof tenperature nonitoring deéice i n accordance with one

enbodi nent of the present invention. [6017] FIG 3 is an orthographic
sectional front view of the sensor nodule of the tanper proof tenperature
noni t or i signddvihe éndividuel candambisnhit¢thporawre stiedi femmeasuringether wisennding

' tion..10018] FlLG 4 is an,orthographic top view of the sensor .modul e of
the  t ampRPOISPOBRRe e fo t SpE Al SrRB GRS f el R SR G

enbodi meadnddfiort; AR ireiFRAGor Y PdseRtL ce@R Lt b &ashrih® tiRN e de @ 2tRRIper-back
view of the sensor nodule of the tanper proof tenperature nonitoring device

i n accor 88¢icePwise Renspe fasrbeeking the phlseshet thedadiniduphseat foensufOdRoieviceG 6

il itive check | d .t
St g PSR 5 SRR B SRS B AR 05 o
for trigerseaige Bedp hicasire drsddvicebefdeatapér-ebecks. [0022] FIG 8 is an

illustration of a typical press fitted joint in accordance with qne
embodi mel®P0Rf t he Phedehasteshfthe presepiDpyF)tion rrovidehawmethorbior gyenitorisg t he

Fro 2. [UEHRv Gt by ar AR 8 BN e du prESLCp St R SRIBE S 0oy
enbeddeddévicd heaG@eecdanee Stithatheasresdno\imventiokr! Ghe. methbd [(0apbfsesthecking thea

bl ock di agram of e functional processes of the tanper proof tenperature
moni t or i W%aamee% &ﬁ de¥ice Py Micearasifamce sRseanddneRswing the bedy frmarsesibre of

i nventi ofhe iRl RILAIEDnERSAEIyPSY @B s ERBerhRYEMSAT thereby the device can monitor

the temperature of the individual as being tamper-free. In certain aspects, the method will
also check the skin contact between the device and the individual by the skin conductivity
sensor for ensuring that the skin temperature sensor is in proper contact with the skin of the
individual, measure the surrounding ambient temperature of the individual by the ambient
temperature sensor to ensure that the monitored individual is located at a correct ambient
condition, check the presence of the identification tag by the identification tag presence
check unit for ensuring the device being tamper-free, check the pulses of the individual by
the pulse sensor so as to ensure the device being tamper-free, and/or measure the
conductivity of the secure strap by the secure strap conductivity sensor so as to ensure the
device being tamper-free.

[0010] The advantages of the present invention include that the miniaturized
multiple sensors ensure correct temperature readings by allowing unobtrusive, positive and
conformal adhesion and contact on the body surface.

[0011] One objective of the present invention is to provide a temperature
monitoring device that is secured onto an object during the period of temperature
monitoring so that it can reliably measure the temperatures of the object continuously.
[0012] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.



[ 0026] The present invention may be understood nore readily by reference to
the followi ng detail ed description of certain enbodi nents of the invention.
[ 0027] Throughout this application, where publications are referenced, the
di-scl osures of these publications are hereby incorporated by reference, in
their entireties, into this applicatioft in order to nore fully describe the
state of art to which this invention pertains. [0028] The present invention
provi des a tanper proof terpretDesceiptioniof did Depvdiags ce that can renotely
provide reliable tenperature readouts for a targeted person. Wile the
principles of the present invention wll be illustrated with a detailed
descri pt [09#8lof a dBefeyred smbpdingty sesprding Hartha prpsest énveption gvitlongye be
appreci a . . Loci S a heabl. i.f i.gns
hel udi narSrBRg il b OE AP UESERU A RE WALl RADY skt BRhpBiRed G
A and 1 Hepeotgi de a tanper proof tenperature nonitoring (TPTM device 1
conprising a secure strap 10 and a sensaor nodul e 20. The secure strap 10

i nt egr al 14onnect EIGlthist delse@ass Vigy Qi the ameres nragk temperal@a Jueniiphigl e 20
can be s W LSt I 4 . [.0030] The secure strap
10 accorg?ﬁgﬁggggﬁgmgﬁﬁgg?%%ﬁ?ﬂ%yﬁ?ﬁgOgﬁgggﬁgﬁf%8§ﬁ¥%bn is made of multiple
| am nat e[00i8lyer s aBIG hBvuman nrtkdégeaphic Vieer efaheitam=t pagf idnpoapre mastoring
adhesivedla er %1, a hﬁit electric insulator layer 12 disposed onto the
adhesi ve"§'afes SpgWvnan felectric conductor |ayer 13a di sposed onto the
first el peigi ¢ | NSHIRLOL ah BYRberdthic Sockibhallfréth SERPLS i chibédled!ifferdbppsed
onto the first electric conductor layer 13a, a second electric conductor

| ayer 13$ecdissguped thattampéreprodf smmraineconitoringydevidedm, aceosoonditticmeect ri ¢
| ayer 14Db ghﬁgpgggt nto the second electric conductor layer 13b, a third

el ect ri coBONAMERGH Padierert JVehi'¥hosed onto the second diel ectric |ayer 14b,
a secondped@ct ri ¢ Frp8ligharorih@dyiphitXscaiGROFRMt RWOof e sthior SnRIBCHT ihe
conductor layer 13c, a fourth electric conductor |ayer 16 di sposed onto the
second etagwer proof Aemperetire mppétering device [ peboedance niith prsembedimentglthel7

di sposed . .fourth electric conductor |ayer 16, and a braided neta

| ayer 19m§§%%8é§§U&16 onto the third electric insulator |ayer 17. The

el ectri cjootg)duct or FI@yes sn orBearaphibtopané b8@e RAsbrdh&hRebf the tdmpee psodfl4a
and 14b) may be enpl oyed for the Secure Strap capacitive check. The fourth
el ect ri clcaygmiBIcomONHPEAg 1deviee ifs ageqrdancehwitBeeny embodipent orfdihet prgsent
check. B@&gnﬁgecks W Il be described in detail hereinafter. [0031 ] The

| ami nat ed secure strap 10 nay be fabricated by any nethod that is known to
those skiobigtd i n tREG 8ris.anExitlsigraythic badkeveinvabl sheaseabdradbeuloriffins sdnppercesses
can be used, e.g., Cast Extrusion Lam nation, Hot Melt Adhesive Lam nation.
The mat ePTO8] ETRSFAREQMABIQING d9Vace: i acsPrdansrdyith swne | eghodimemi of thespresac | 16
may be apyekipwn material that is capable of being an electrical conductor.
For exanple, netals including gold can be used to nmake the el ectrical
conduct oi002@yer i nFithé ifusdmstastthe Seeurt iStuap capeeitinet el lirs adoordamed ivithy dnlee
dielectric k? ers Jd4da, 14b.may.be any known material that is dielectric.

For exanpRRodinggn SPICHRY TR ref | on can be used to make the dielectric

| ayer i npgh pres iInyent r i@l i Lca

i nsul at o[r iIhgyer S ?gltG 17?/5 ??rér;dn}fls E)Bgﬁ ia(g?&‘gn%\mﬁ%%?g}ﬁ?ﬁ?%éyﬂ?sﬁ%llw&?ﬁe&ﬁ?gh

resi st andecksor exanpl e, Teflon can be used to make the electric insulator

| ayer i pres Lhventjon..Th dhesjon layer. 11 .may be made, of any
CONMET Ci HE avai Ielgltﬁ 1%%8%{%@}0 ?i‘fiagtyBer% rﬁ%ﬁ%e‘{?&f%ﬂli’ ﬁ%/co\‘i\ﬁ?atnﬁe §agpne
adhesi onerhbodiBRILI Ik Presdn@3Bhtids shown in FIGS | A and 1B, the two ends of
the secure strap 10 is stiffened and reinforced with the nol ded plastic 30.

These t w8928 ded pFlasPiskownths laya ohthe Sesuren¥rapGendustivity Sensot embeddedct or s
for COHWEQEéﬁ&“kygu e&H%Bw§Hﬁ% gonductivity check and Secure Strap
ck € e

capacitive che ortductors e ded in the secure strap to the sensor
nmodul e 20024) n addi FIG ) shdws theviayond afekle Sdoasd SeaeOasachbéScpastembdedddgned t o
fit into the unidirection press-fit receptacles found on the sensor nodul e
20 as sHOfnesHe Birep 8s shoymenFle secure strap 10 discl osed above provi des
electrical integrity and physical integrity. The electrical integrity wll
be nore evident when the Secure Strap conductive and capacitive checks are
di scussed in detail hereinafter. The physical integrity is denonstrated by
its excellent resistance to externally induced tensile and shear forces.
For instance, the braided netal |ayer 19 may be nade of stainless steel
that acts as a shield against tensile force typically applied by pulling
and shear force typically induced by the action of cutting with a sharp
instrunment. In addition, the braided netal |ayer 19 has good fl exure
property to conformto the circular cross-sectional profile of a human

o o . o, - A~ - R . o



[ 0034] The sensor nodul e 20 according to one enbodi nent of the present
invention is shown in FIGS 3, 4, and 5. The sensor nodul e conpri ses
conponents housed within the sensor nodule 20 as shown in FIG 3 incl uding
Oring water tight seal 21, conducting_pins 22, ASIC el ectronics and
batteries 23, ID tag micro-scanner 24,%press fitted joint 25, optical film
26, and conformal material 27. As shown in FIG 4, the top side of the
sensor njodzdle 20 iFiG wtlésa bldokdlisgrhayofaBe furlckibhalipgpdeases oZhe aumiyiee proof
tenperature sensor 31, .and, buzzer 32. As sho in Fl G5, the nder si de of
the senstMATHRINICMPHIRHRE AeVicepth secardanssr WiS, ong, pROESRRE 1ahiheyPisesior s
34, and gkkhidnenperature sensors 35. All the corrponents are housed in a
pl astic nol ded house that may be fabricated by any known met hods. [0035]
The sensor nodule 20 may attach to the secure strap through any known

mechani sm I n one enbodi rrhe% th]g sens, e 20 attaches the secure
strap through the press f qiled; esgrip 8“8 Y9 | G 8. Conpressive
force appl ied to the Sensor Mddule 20 will enabl e the housing of the Sensor

Modul e t @osdiar th

uni - di rectl on pos?lst’%{@% g‘{néw klsﬂ%@e‘lsee*%%e(}:sgé; d%f%e%g& as F%Qr(ee}ré& the
Secur e Shotlaping GO8EH dEMtpaensﬁcertamduhbodlmeamp»édteedvetmohe functi onal under
normal |jyving con i.ngl.udi ng washi ng and hi n The Orin ter
tight sefgﬁ"il ensﬁ%@ ﬁ%‘t ﬁ“MP@ 1R} sTVARC BB C%tlé’n et %FFB%’S ‘gge

el ectri c@kcloQRaCst Bes hAdhiichs drO MABP ik® r§te§tb areferetrfeg%ﬁlthéf tl%nﬁeatsor mal
material 27 is designed such that the undersid t he sensor nodul e’ wil |
al ways pmnésthisdnipdibation inrorddrgo sikara faliyr ﬂacﬂbtwﬂerstatt of art po ehsohf thistiedentiont he
secure sterr%F) The thickness and di nensi on of the sensor nodule is not
criticalP Sthe present invention. Any thickness and di nension of the
sensor npgagie mMay P prist@bineht®in bRS/idseS ethpdrnebt kQRperhfir@detinitofilg 2

portion of the underside of the sensor nodul e has an adhesive surface t hat
ensur es ¢evirssther gan cenetgbt pbefﬂd%eailatbhetesrmenatamread@ltarfmay tefgetadnprypan.

f d h th
or' not pl Sailggg pnipEget Be BRSRY FFR Sy TRCT TR M ERGAC R bhal ¢ ve

det er m neftd desidrhedr belig e o GunBnPreaasit ¥ tsqewp@ﬁkcmtécpﬂﬂt thRraicgdedrgeson at
al | rmnltorl n eriod deV| ce secure checkiyf@t hat the device is used in a

pr oper apy ABfeast dedigpreingluding apply terbidrient bosy nantsof ehemgavwirce | s
properly Elached to the skin of the targeted person (skin contact check).
Thus, the device will reliabl y nmonitor the targeted person's body

t enper at[um]conti NEIGEs 1 4 .an QB ProVad 4 tienyste e te@petatire heskolisg (EBTM) bed i n
detail. (i/\h iihe TPTM device is securely attached onto a targeted person S
wiist, i9eVi<¢ heompaiswg pycare siamdd andghaensor apeduls 280 Thossars Wt d0pase

uni t deslﬁ{elgp.ﬁﬁt ﬂ%&‘fts wit t]ﬁens%lfr]lg(?r éﬁo&tﬁ@'ﬁﬁ ko 2P Bfe A Mbduld 50 &l 2 &gur\éqinue

for user t ace Wt evice, i.e. no user Input require

all the mﬁmwsrtstnofhltargtttbdeperemsor rmdul e are activated sinultaneously to
check ”}ﬁ :g) oper chment ang the er loc t| on, .and record the body
t enper atlff¥®! For t S§FW~B|S}TEI?§ a?ﬂor prrﬁqr%l?p ertipff F?e@hl%eml‘ondé

descr i bagaddiof MiRipld RRAR tJ&eyeevas%ﬁosﬁqHWG%eﬂte éé&ufé”sftrﬁ Miifes @ the
present invention'includes a Secure Strap conductivit eck a Secure

Strap cagsthesive lﬂéethb@kﬁrsaelpethsenm@ele}aye Ht@spesedmdtoathe |adh¢$tvefla3aat]|10a tag

presenc ppr.eci at ed t eVJC ure heck may be
done bye%rﬁ{;&S?ﬁECc?Pnt‘t% Orgﬁ%%rk@ ‘i‘sl?fﬁ?/é Biod thﬁté’ff’ g' ?:3195 lgs ffﬁ‘ig t hat
the checkisleeteindayai q 48 xpBEd Sto 'tﬁ&ﬁ?s@l@le'cﬁﬁtdo%ﬁeto{ ta%llja BhecRREHEArSt I ap
conductivity check uses the conductor |ayer 16 enbedded i'n the Secure

Strap. |oondesteclazen b dispesed mntcyth@fﬁrsh@e P@tﬁtlaY@alMac@rsd@mﬁcﬂleleﬂmed@t@d in

t he Secuy 1y of th|s electri.ca nduct
conpr omLisftg’d‘[ﬁ EI{(%Qd Ollltﬂgitl %?GCP r 8trrlllcccs) AT 8%?«31? ?ngdp?lggtgﬁ@gn Kﬁé@fe’lr gible
el ectri ckBe dlepossti @hﬁtﬁtheVékedShd Bictectlieliyet ¢ab, @@é&iﬁ@t&écm@ isRNAbLthyet 18Ny
| ocation, along its_|eng th t he ASI C el ectronics will detect extremaI%/
ed

| ar ge/ i rififagEC oiohe Fhltfb? eptsici condpier layer 13t adeyith slacgiqeandaetoy layse |

onto they;d s&?foﬁﬁ) fh]%rSEQ&ufe‘é’Hrﬁtmsﬁl%rsl’%%?ﬁ% §%ﬁﬁ éf&?ﬁé’?ﬁéul’dt&ytaggﬁf?r wi |
detect negligible ectrlca resi stance esult n-em ssion of the
LED. |If chstwsci;e«vntoehe ®urtbteleptrapamkdycteekyecth, ind albmSed)rtletal Betr 1T disposed
continuity, the Secure Strap conductivity sensor will detect extrenely

| arge/infmte electrical resistance, and then the mcrocontroller wll be
awakened froma sleep node to activate the Supervisory Notification (F)
function. This activation is irrespective of the status of the pul se
sensor. The colored LED will flash and a prerecorded voi ce nessage stating
the nature of the fauIt WI|| sound contlnuously for a preset perlod of time

. o o o oy o o,




[ 0043 The pul se presence check detects a targeted person's pul ses by a
pul se sensor. The pul se sensor 33 nay be any comercially avail abl e pul se
sensor (e.g., photoelectric). If the device is not properly secured for

| oss of detecting the human pul se but with the electrical continuity stil
in place, the microcontroller will be 8wakened froma sleep node to
activate the Failure Notification (E) function. The colored LED wll flash
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the skin tenperature sensor 35 will neasurethe t enper at ure t he
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targeted person. the neasured skin tenperature is wthin the acceptable
range, the data will be stored in a tenporary buffer for subsequent

transm ssion to the base station. If the neasured skin tenperature i s not
wi thin the acceptable range, the data will be stored in a tenporary buffer
and the Supervisory Notification (F) function wll be imediately
activated. [0048] The Sensor Mdule 20 further conprises a central
controller 40. The central controller 40 conprises a signal preprocessing
unit, a processor unit, a nmenory unit, a battery unit, and a I/O ports as
shown in FIG 11. The Sensor Mdul e 20 further conprises a wreless
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specific events, including but not limted to, the loss of electrical
continuity in the secure strap (which may indicate possible tanpering), or
on interrogation by the renote base unit, which communicates with the
central controller through a suitable w rel ess transceiver unit. [ 0049] The
prior description has nentioned two nofification functions: failure
notification and supervisory notification. Now a nore detail ed description
for thenFinallyrtby seteek sifdpe10 aidyWecfabatdtéd eally ond (cojt-dfliviehilpBetansé,@.@) grt the
targeted_person of the fault and to allow the targeted person to rectify
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sel ect ed™Phe base unit will al ways interrogate the device at a pre-set
regul ar [pgdrer val (BheleonfEURN YnaRorlil D9 ESsidA¥d BEShAGha in@isiat b 8R! sesdognal
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limted. Alternative enbodi ments of the present invention will becone
apparent to those having ordinary skill in the art to which the present

i nvention pertains. Such alternate enbodi nents are considered to be
enconpassed within the spirit and scope of the present invention.
Accordingly, the scope of the present invention is described by the
appended cI a| ms and is supported by the foregoing description. 14 CLAI M5




1. A tanper proof tenperature nonitoring device for continuously nonitoring
of the body tenperature of an individual, conprises: a secure strap with a
capaci tance sensor for detecting the capacitance induced within the secure
strap so as to prevent the device from being tanpered; and a sensor nodul e
that integrally connects with the secuBe strap so that the sensor nodul e
can be secured onto the individual; wherein the sensor nodul e includes: a

NMeNDry Ughideky, Qhd rtBsiehy idegica ¢l pfoperl RetagleRClor the akin! ¢¥f 1A ABEERA pefsod dbldn
process unit for receiving and processing electrical information, and
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transmtj] | eiving and transmtting electrical information
fromthe{e n{?lrd%}ebc?l’{lt?l{ugrﬁg?a base unit; and a skin tenperature sensor for
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signals of the skin tenperature to the nmenory unit.. 2. The tanper proof
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is no venue for user to interface with the device, i.e. no user input required. Then all the
sensors within the sensor module are activated simultaneously to check the proper
attachment and the proper location, and record the body temperature. For the simplicity of
description, each function will be described in turn.

[0040] The device secure check in one embodiment of the present invention
includes a Secure Strap conductivity check, a Secure Strap capacitive check, a pulse
presence check, and an identification tag presence check. It is to be appreciated that the
device secure check may be done by any one of the checks or any combination of the
checks as long that the checks done are enough for its applications.

[0041] The Secure Strap conductivity check uses the conductor layer 16 embedded
in the Secure Strap. It detects the continuity of the electrical conductor embedded in the
Secure Strap. If the integrity of :chis electrical conductor is not compromised, the
ASIC/electronics will detect the presence of negligible electrical resistance. When this
electrical conductor is severed at any location along its length, the ASIC/electronics will
detect extremely large/infinite electrical resistance. If the device is properly secured onto
the targeted person’s wrist, the Secure Strap conductivity sensor will detect negligible
electrical resistance, resulting in non-emission of the LED. If the device is not properly
secured for loss of electrical continuity, the Secure Strap conductivity sensor will detect
extremely large/infinite electrical resistance, and then the microcontroller will be awakened
from a sleep mode to activate the Supervisory Notification (F) function. This activation is
irrespective of the status of the pulse sensor. The colored LED will flash and a pre-
recorded voice message stating the nature of the fault will sound continuously for a preset
period of time (e.g., 1 minute). Subsequent actions to re-strap the device will not
invalidate the Supervisory Notification (F). The Secure Strap conductivity check is

diagrammatically shown in FIG 9.



3. The tanper proof tenperature nonitoring device of claiml, wherein the
sensor nodul e further conprises an anbient tenperature sensor for neasuring
t he surroundi ng anbient tenperature to ensure that the nonitored individual
is located at a correct anbient condition. 4. The tanper proof tenperature
moni toring device of claim1, wherein Phe sensor nodul e further conprises
an identification tag presence check unit for ensuring the device being

t anper - f jop£2] Wher eThe SB&uré $@ap ichpaaiiveOfntRicRicesBbicapie@kcdiitidhcdd syl thdes an
15 identification tag attached to the individual, and a ID tag
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When the discontinuity in the conductor layers happens at the left end, the capacitance is
directly proportional to / only. When the discontinuity in the conductor layers happens at
the right end, the capacitance is directly proportional to / that is approaching zero value.
Any attempt to tamper with the secure strap (e.g., cutting) will result in the separation of
the conductor layers at any region along their length. This will result in the capacitance
value being reduced at least to half of its original value, thereby providing a positive
indication that the secure strap has been tampered with. If the device is properly secured
onto the targeted person’s wrist, the capacitance sensor will detect no reduction of the
capacitance value, resulting in non-emission of the LED. If the device is not properly
secured for the reduction of the capacitance value, the capacitance sensor will detect a
reduction of the capacitance value, and then the microcontroller will be awakened from a
sleep mode to activate the Supervisory Notification (F) function. This activation is
irrespective of the status of the pulse sensor. The colored LED will flash and a pre-
recorded voice message stating the nature of the fault will sound continuously for a preset
period of time (e.g., 1 minute). Subsequent actions to re-strap the device will not
invalidate the Supervisory Notification (F). The Secure Strap capacitive check is
diagrammatically shown in FIG 10.
[0043] The pulse presence check detects a targeted person’s pulses by a pulse
sensor. The pulse sensor 33 may be any commercially available pulse sensor (e.g.,
photoelectric). If the device is not properly secured for loss of detecting the human pulse
but with the electrical continuity still in place, the microcontroller will be awakened from a
sleep mode to activate the Failure Notification (E) function. The colored LED will flash

and a pre-recorded voice message stating the nature of the fault will sound continuously for

a preset period of time (e.g., 1 minute). During this period of time, the targeted person is



strap conductivity sensor is conprised of at |east one electric conductive
| ayer enbedded in the secure strap. 8. The tanper proof tenperature
nonitoring device of claiml, wherein the capacitance sensor conprises at

| east one pair of electrical conductive |ayer and at | east one dielectric

| ayer; thereby the at |east one pair dfOelectrical conductive |ayer and the
at least one dielectric layer formthe capacitance within the secure strap.

9. A tanpeuirgd @ofecti§NAe fallibyeerd¥aRhd Gat THe JE016e GE ploPErl¥ SetintddyU I8 Heltarpeieidt or i ng
of the body tenﬁerature of an individual, conprises: a secure strap, and a
sensor nPUseEiaikde reqiife ghaafault withindbe proagtt nericdethsupewisory AlptifisatiomtF)t he

sensor . red onto the individual; wherein the sensor nodul e
incIudegﬁggﬁﬁﬁﬁggvp%ﬁﬁﬁﬁﬂbr receiving and storing electrical information; a
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tape made of hypoallergenic breathable water proof material (e.g., band-aid like materials).
The bar code tag is then attached to the appropriate location on the targeted person’s limb,
and the device is so strapped that the sensor module encases the entire bar code tag. The
ID tag micro-scanner 24 embedded in the sensor module will beam optical light through
the optical film 26 to scan the bar code. The detection of the presence of the bar code
coupled with correct bar code data positively identifies that the device has not been
tampered with. In contrast, loss of the bar code signal and/or detection of incorrect bar
code data positively identify that the device has been tampered with. Under such
condition, the Supervisory Notification (F) function will be activated.
[0045] Now referring to FIG 4, the ambient temperature sensor 31 will be utilized
for the ambient temperature check that measures the surrounding ambient temperature so
that it determines whether the targeted person is located at a correct ambient condition.
The measured ambient temperature from the ambient temperature sensor 31 will be
compared against a preset range. If the measured ambient temperature is not within the
preset range, the Failure Notification (E) function will be activated to alert the targeted
person by continuously flashing the colored LED and sounding of a pre-recorded voice
message stating the nature of the fault for a preset period of time (e.g., 5 minutes). During
this period of time, the targeted person is required to rectify the fault by ensuring that he is
located at the appropriate ambient. If the targeted person fails to rectify the fault within the
preset period of time, the Supervisory Notification (F) function will be activated.
[0046] Now referring to FIG 5, the skin temperature sensor 35 will measure the
body temperature of the targeted person. To ensure that the skin temperature sensor 35 is
properly contacted by the skin of the targeted person, the skin contact check is performed
periodically by the skin conductivity sensor 34. If the proper contact is maintained
between the device and the targeted person’s skin, the skin conductivity sensor 34 will
detect an electrical resistance resulting in non-emission of the LED. If the contact with the

skin is not properly maintained, the skin conductivity sensor will detect an infinite



16 a data transmitting unit for receiving and transmtting electrical

i nformation fromthe nenory unit and a base unit; a skin tenperature sensor
for neasuring the skin tenperature of the individual and transmtting the
signals of the skin tenperature to the nmenory unit; and an identification
tag presence check unit for ensuring tHe device being tanper-free; wherein
the identification tag present check unit includes an identification tag

at t achedresitanbe MheiRaildtANotifibstich (HY fuaidA ®il0bs Gafiacd ¢ aResHE tivigtRin the
sensor nodul e, wherein the ID tag mcro-scanner will be able to scan the
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tenperature sensor is in proper contact wth the skin of the individual.
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to the base station. If the measured skin temperature is not within the acceptable range, the
data will be stored in a temporary buffer and the Supervisory Notification (F) function will
be immediately activated.

[0048] The Sensor Module 20 further comprises a central controller 40. The
central controller 40 comprises a signal preprocessing unit, a processor unit, a memory
unit, a battery unit, and a I/O ports as shown in FIG 11. The Sensor Module 20 further
comprises a wireless transceiver unit as shown in FIG 11. FIG 11 is a block diagram of the
functional processes of the TPTM device 1. The brain of the TPTM device 1 is an ultra
low-power central controller, implemented as an application-specific integrated circuit
(ASIC), which functions as a centralized coordinating unit that manages the functions and
sensor data with respect to the TPTM device. All the sensors (ambient temperature sensor
21, skin conductivity sensors 34, skin temp sensors 35, ID tag microscanner 24, pulse
sensor 33, secure strap electrical conductivity sensor and secure strap capacitance sensor)
are coupled to the central controller such that the signals gathered by these sensors are
conditioned and preprocessed by a signal preprocessing unit before passing through to the
processor unit. The signal preprocessing unit includes analog to digital conversion
capabilities that allow multiple analog sensor signals to be converted to digital forms,
which can be processed by the processor unit. The processor unit is normally operating in
ultra low-power mode such as sleep mode, awakened only at periodic intervals to poll,
gather, process and transmit data from the sensors, such as temperature data from the skin
temperature sensors 35, or to update output interfaces such the LCD display 28 and LED

displays 29. The processor unit can also be awakened by hardware interrupts generated by



ensure the device being tanper-free. 14. The tanper proof tenperature

noni toring device of claim9, wherein the secure strap further conprise a
secure strap conductivity sensor for nmeasuring the conductivity of the
secure strap to ensure the device being tanper-free. 17 15. The tanper
proof tenperature nonitoring device oflZlaim 14, wherein the secure strap
conductivity sensor is conprised of at |east one electric conductive |ayer
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device of claim 12, wherein the capacitance sensor conprises at |east one
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17. A metfied for nonitoring the body tenperature of an individual by using

a tanper proof tenperature nonitoring device of claim]l, said nmethod
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y the skin tenperature serisor; thereby the device can nohitor the

t enper at progidefl. tThe faibdieriotifiahticas(H)€ungidnaispe alektrthe targeted person of the fault
and to allow the targeted person to rectify the fault within a preset period of time. The
failure notification function is activated during the device secure check for loss of human
pulses, the skin contact check, and the ambient temperature check. The supervisory
notification (F) function is to inform the authority of the nature of the fault and the time of
occurrence. For instance, if the supervisory notification function is triggered by the skin
temperature check, it shows that the targeted person is having an elevated body
temperature. The relationships between different checks and the notifications are
illustrated in FIG 7.
[0050] The sensor module 20 also provides a data transmission means. The TPTM
device provides a two-way data transmission means to a remote base unit via a wireless RF
transceiver unit. The communication and encoding-decoding protocols used can be any
known industry-standard protocols, such as those used in electronic house arrest systems.
The base unit, powered from the mains supply, but with internal battery backup, may
receive and transmit data to the supervising authority via the telephone line using modem
dial-up or other known data transmission implementations such as GPRS. The temperature
data stored within the memory unit of the sensor module can be transmitted to a remote
base unit. Thus, the tamper proof temperature monitoring device and the base unit is
composed of a tamper proof temperature monitoring system. The base unit capable of two-
way wireless communication between itself and the device is connected to a socket of a
fixed telephone line.
[0051] In one preferred embodiment, there are three transmission modes: transmit
at will; transmit at fixed schedule; and transmit at event trigger. If the transmission mode
is set to “Transmit at Will” of the designated monitoring authority, data stored in the device
buffer will be transmitted from the device to the base unit once the interrogation signal is

sent by the base unit and detected by the device. If the transmission mode is set to



18. The nmethod of claim 17, wherein the sensor nodul e of the tanper proof
tenperature nonitoring device further conprises a skin conductivity sensor
and wherein said nmethod further conprises checking the skin contact between
t he device and the individual by the skin conductivity sensor for ensuring
that the skin tenperature sensor is im3Jroper contact with the skin of the
i ndi vidual. 19. The nethod of claim 17, wherein the sensor nodul e of the
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nodul e ofenipfefatira WP Ee thigeRH pefiRek&ets £pfldtivialiiel Ng devi ce further conprises
an identification tag presence check unit; wherein said nethod further
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[0054] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.
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CLAIMS
What is claimed is:

1. A tamper proof temperature monitoring device for continuously monitoring of the
body temperature of an individual, comprises:

a secure strap with a capacitance sensor for detecting the capacitance induced
within the secure strap so as to prevent the device from being tampered; and

a sensor module that integrally connects with the secure strap so that the sensor
module can be secured onto the individual,

wherein the sensor module includes:

a memory unit for receiving and storing electrical information;

a data process unit for receiving and processing electrical information, and
transmitting processed information to the memory unit for storage;

a data transmitting unit for receiving and transmitting electrical information from
the memory unit and a base unit; and

a skin temperature sensor for measuring the skin temperature of the individual and

transmitting the signals of the skin temperature to the memory unit..

2. The tamper proof temperature monitoring device of claim 1, wherein the sensor
module further comprises a skin conductivity sensor for ensuring the skin temperature

sensor is in proper contact with the skin of the individual.

3. The tamper proof temperature monitoring device of claim 1, wherein the sensor
module further comprises an ambient temperature sensor for measuring the surrounding
ambient temperature to ensure that the monitored individual is located at a correct ambient

condition.

4. The tamper proof temperature monitoring device of claim 1, wherein the sensor
module further comprises an identification tag presence check unit for ensuring the device

being tamper-free; wherein the identification tag present check unit includes an
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and transmit the identification information to the data process unit if the device is properly

attached to the individual.

5. The tamper proof temperature monitoring device of claim 1, wherein the sensor
module further comprises a pulse sensor for checking the pulses of the individual so as to

ensure the device being tamper-free.

6. The tamper proof temperature monitoring device of claim 1, wherein the secure
strap further comprise a secure strap conductivity sensor for measuring the conductivity of

the secure strap to ensure the device being tamper-free.

7. The tamper proof temperature monitoring device of claim 6, wherein the secure
strap conductivity sensor is comprised of at least one electric conductive layer embedded in

the secure strap.

8. The tamper proof temperature monitoring device of claim 1, wherein the
capacitance sensor comprises at least one pair of electrical conductive layer and at least one
dielectric layer; thereby the at least one pair of electrical conductive layer and the at least

one dielectric layer form the capacitance within the secure strap.

9. A tamper proof temperature monitoring device for continuously monitoring of the
body temperature of an individual, comprises:

a secure strap; and

a sensor module that integrally connects with the secure strap so that the sensor
module can be secured onto the individual;

wherein the sensor module includes:

a memory unit for receiving and storing electrical information;

a data process unit for receiving and processing electrical information, and

transmitting processed information to the memory unit for storage;
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the memory unit and a base unit;
a skin temperature sensor for measuring the skin temperature of the individual and
transmitting the signals of the skin temperature to the memory unit; and
an identification tag presence check unit for ensuring the device being tamper-free;
wherein the identification tag present check unit includes an identification tag attached to
the individual, and a ID tag micro-scanner disposed within the sensor module, wherein the
ID tag micro-scanner will be able to scan the identification tag and transmit the
identification information to the data process unit if the device is properly attached to the

individual..

10.  The tamper proof temperature monitoring device of claim 9, wherein the sensor
module further comprises a skin conductivity sensor for ensuring the skin temperature

sensor is in proper contact with the skin of the individual.

11. The tamper proof temperature monitoring device of claim 9, wherein the sensor
module further comprises an ambient temperature sensor for measuring the surrounding
ambient temperature to ensure that the monitored individual is located at a correct ambient

condition.

12. The tamper proof temperature monitoring device of claim 9, wherein the sensor
module further comprises a capacitance sensor for detecting the capacitance induced within

the secure strap so as to prevent the device from being tampered

13. The tamper proof temperature monitoring device of claim 9, wherein the sensor
module further comprises a pulse sensor for checking the pulses of the individual so as to

ensure the device being tamper-free.

14.  The tamper proof temperature monitoring device of claim 9, wherein the secure
strap further comprise a secure strap conductivity sensor for measuring the conductivity of

the secure strap to ensure the device being tamper-free.




10%&' () - K/ 1dEbCLL1mM 109%& ()-LY. " 109& ()-L+10%& ()-L' m'10%& ()-L$10%& () - &"

109%&' ()-1<9:;<?tbCL | Y'10%&' ()-,10%& ()- 10 10

1099" 109&' ()-9s6"10%& ()-L9310%& ()-t

E+dEbCL F109%&' ()- "109%& ()- Y"109%&' ()-

109 ()-", Y'109%&' ()-sF"109%& ()-+| 7dEbCLY ' &10%&' () - S& "10%& ()- #Y"10%&' () -

109 ()- & "109%&R () - Y'109%& ()- 71 ndEbCL&L3

109& () - 14.410%&e Q%({'éi’ J&t t@ﬁlp&aturé-%@iit@ing AEHRY&T C)aim 14, wherein the secure

+Y" 10%&' () - me>?@bCLIFNLO0% & () -10% & ()- 10 10 10L8 )

1098 () - SEAPoraRduqtivily sensRr (S comuaispdrf G-leaspopegelegtric ondugtycglaygr-embedded in

10% & () WM& ()-&

10% & ()%%&% gtr% - obdEDCLO* M 10W &' ()-GOf ) M 10% & ()-[' K'10% & () -9 10%

& ()-M}10% & ()-LZ"10% & ()- P'dYNCL 10" 10"

10" & 6" 10% & (I%- @®LImM 10% & ()-F91m' 109%&' () -F9/ m' 10% & () - @* m10% & ()-Grd

EYNCL 16. e famper proof temperature monitoring device of claim 12, wherein the
capacitance sensor comprises at least one pair of electrical conductive layer and at least one
dielectric layer; thereby the at least one pair of electrical conductive layer and the at least

one dielectric layer form the capacitance within the secure strap.

17. A method for monitoring the body temperature of an individual by using a tamper
proof temperature monitoring device of claim 1, said method comprising of:

checking the capacitance of the device by the capacitance sensor; and

measuring the body temperature of the individual continuously by the skin
temperature sensor; thereby the device can monitor the temperature of the individual as

being tamper-free.

18.  The method of claim 17, wherein the sensor module of the tamper proof
temperature monitoring device further comprises a skin conductivity sensor; and wherein
said method further comprises checking the skin contact between the device and the
individual by the skin conductivity sensor for ensuring that the skin temperature sensor is

in proper contact with the skin of the individual.

19.  The method of claim 17, wherein the sensor module of the tamper proof
temperature monitoring device further comprises an ambient temperature sensor; and
wherein said method further comprises measuring the surrounding ambient temperature of
the individual by the ambient temperature sensor to ensure that the monitored individual is

located at a correct ambient condition.

20.  The method of claim 17, wherein the sensor module of the tamper proof
temperature monitoring device further comprises an identification tag presence check unit;
wherein said method further comprises checking the presence of the identification tag by

the identification tag presence check unit for ensuring the device being tamper-free.
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temperature monitoring device further comprises a pulse sensor; wherein said method
further comprises checking the pulses of the individual by the pulse sensor so as to ensure

the device being tamper-free.

22.  The method of claim 17, wherein the secure strap of the tamper proof temperature
monitoring device further comprises a secure strap conductivity sensor; wherein said
method further comprises measuring the conductivity of the secure strap by the secure

strap conductivity sensor so as to ensure the device being tamper-free.



