1 TAWPER PROOF TEMPERATURE MONI TORI NG DEVI CE Field of the Invention [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 object
conti nuously. Background of the Invention [0002] The outbreak of the severe

acute respirator | i ious health
threats that the¥é%fggﬁom¢%§ﬁﬁ%yéﬁt%§ﬁ? @Eﬁi i npose to the
public globally. Due to | ack of effective cures for the SARS, neasuring the
body tenperatures has been proven to be critical in containing the spread
of the SARS because suspected Figdd of h¢dnzentianh an el evated tenperature
were quarantined once they were identified. Apparently, successful
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demand extensive resources. [0003] Tenperature nonitoring devices have
been pr od§\dedthplgpogiqrs dedpmperatypisial aniobiest condinuenshinpl e, US 6, 641, 544 to Liu
di scl oses a body tenperature nonitoring device that includes a processor
unit connected electrically to a tenperature detecting unit, a data
storage unit, a display unit Baghgroandadth®©Iinveayionnit. The device stores the
body tenperature information in the data storage unit and di splays such
information on the display unit. However, this device does not provide any
nmeans t olf8@%er mi ne Wisepuibicak 19d the seises atule eespirmisey ismgdramict (SAR PriopHIoBy
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di scl oses wrist-nmounted pul se rate and body tenperature nonitor that
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signal ighegzl?seaﬁ? %?igégnq q%la{la?igngsa(gig suggf(:jcted individuals. However, currently available
temperature measurement devices may be used for temperature checks, but demand
extensive resources.
[0003] Temperature monitoring devices have been provided for different
applications. For example, US 6,641,544 to Liu discloses a body temperature monitoring
device that includes a processor unit connected electrically to a temperature detecting unit,
a data storage unit, a display unit, and a control key unit. The device stores the body
temperature information in the data storage unit and displays such information on the
display unit. However, this device does not provide any means to determine whether the
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



2 body tenperature indicate any energency nedical situation. However, the
nonitor also fails to provide neans to determ ne whether the pulse rate
and body tenperature detected are accurate. [0005] US 2003/0069714 Al to
Wgley et al. discloses an anbulatory gkin tenperature nonitoring system
that conprises a skin tenperature sensor and an anbient tenperature
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tanpering so that it is not suitable for many situations in which a tanper
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present Invention provides a tanper proof mperature nonitoring devi ce
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processed_ information to the menpry unit for storage; a data transmtting
uni t foroﬁ%bgéil\’ﬁ“r‘ﬂ@néfﬁﬁbFlaBP@'ﬁﬁltt"t’lﬁh@f%‘PléC@tt? theadetailed desosgtipon from t he menory
unit and a base unit; and a skin tenperature sensor for neasuring the skin
tenperature of the individual and transmtting the signals of the skin
tenmperature to the nmenory uni Sun[RQ88f thahoentiahn enbodi nents of the
present invention, the tanper proof

[0007] The present invention provides a tamper proof temperature monitoring
device for continuously monitoring of the body temperature of an individual. In one
embodiment of the present invention, the tamper proof temperature monitoring device
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.

[0008) In certain embodiments of the present invention, the tamper proof
temperature monitoring device may further comprises one or more sensors including a skin

conductivity sensor for ensuring the skin temperature sensor is in proper contact with the



tenperature nonitoring device may further conprises one or nore sensors
including a skin conductivity sensor for ensuring the skin tenperature
sensor is in proper contact with the 3 skin of the individual; an anbi ent
t enperature sensor for neasuring the syrrounding anbient tenperature to
ensure that the nonitored individual is |located at a correct anbient
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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 thercof in connection with the

accompanying drawings.



[ 0012] The objectives and advantages of the invention wll beconme apparent
from the followi ng detail ed description of preferred enbodi nents thereof
in connection with the acconpanying drawings. 4 Brief Description of the
Drawi ngs [0013] Preferred enbodi ments gccording to the present invention
will now be described with reference to the Figures, in which |ike

ref erence nuneral s denote lﬁxki%fl)el em%nt S'ft{soﬁm‘lf FIGIAis an isonetric
vi ew of the tanper proof terrperaﬁft“é’ BB Bt ﬁ@ "Mg&vi ce in accordance with
one enbodi ment of the present invention. [0015] FIG 1B is an orthographic
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[0016] FIG 2 is an orthographic sectional front view of the e | ayers
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accor dangg W Esh one enbodi nent of the present invention. [0017] FIG3 is
an orthogr aan ¢ sectional front view of the sensor nodule of the tanper

proof te[goesat ure FDBIIOL AYisHRNIEeviel @m@rt@lﬂﬁ&qn%ﬁ i&n%@at@ﬁéb@éﬁi%mgnof
the present invention. [0018] FIG 4 is an orthographic top view of the
sensor nBEUFeingIcceanaeanigeenasidimenms drepraseat myaittasy i ng devi ce in

accordan ith on odi g f .t.he. n i nventd.on. [0019] FIG5 is
an ort hogogg%rhi c bag{(@\lylg elgvag?nb?ég’%ﬂgggbew ﬁ%ﬁﬁﬁaem%efl PF49% t?rg%%t re %Lgléqrmg
t enper at devecamwuhbeniimgl@éew. ce i n accordance with one enbodi nent of the

present _inyvention (‘L,ﬁQZO] FIG6 illustrates the Secure Strap capacitive
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[0017] FFIG 3 is an orthographic sectional front view of the sensor module of the
tamper proof temperature monitoring device in accordance with one embodiment of the
present invention,
[0018] FIG 4 is an orthographic top view of the sensor module of the tamper proof
temperature monitoring device in accordance with one embodiment of the present
invention.
[0019] FIG 5 is an orthographic back view of the sensor module of the tamper
proof temperature monitoring device in accordance with one embodiment of the present
invention.

[0020] FIG 6 illustrates the Secure Strap capacitive check in accordance with one

embodiment of the present invention.

[0021] FIG 7 is a process block flow for triggering notifications by different
checks.
[0022] FIG 8 is an illustration of a typical press fitted joint in accordance with one

embodiment of the present invention.

[0023] FIG 9 shows the layout of the Secure Strap Conductivity Sensor embedded
in the Secure Strap as shown in FIG 2.

[0024] FIG 10 shows the layout of the Secure Strap Capacitive Sensor embedded in

the Secure Strap as shown in FIG 2.



[0023] FIG 9 shows the |layout of the Secure Strap Conductivity Sensor
enbedded in the Secure Strap as shown in FIG 2. [0024] FIG 10 shows the

| ayout of the Secure Strap Capacitive Sensor enbedded in the Secure Strap
as shown in FIG2. 5 [0025] FIG 11 iss block diagramof the functional
processes of the tanper proof tenperature nonitoring device in accordance
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the invention. [0027] Throughout this application, where publications are
ref er enc8YSNE¥:  di scl osures of these publ i cations are hereby incorporated
by reference, in their entireties, into this application in order to nore
fully describe the state of art to which this invention pertains. [0028]
The present invention provéededDesripeionpfold [iventienat ure nonitoring
device that can renotely provide reliable tenperature readouts forlia o

t arget ed_person. ile the principles of the present invention w e
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human or [002%#i mal . [Fﬁﬁﬁ%}mﬁll @ssl aQopimdndﬁ pm@va gebHcitiomebrepicfofent eipgkat ur e
i ri.sing .a secure strap 10 and a sensor
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targeted person. [0030] The secure strap ac_cor 0 one I'ment of
t he prespeitaidsavention is nade of multi pI e laminated | ayers as shown in FIG
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first dielectric |ayer 14a disposed onto the first electric conductor
| ayer 13%hilg thepdagiples et theipgesent invention will be illustrated with a detailed description
of a design for being used on human wrists, it is to be appreciated that the principles are
applicable to many different designs including apply to different body parts of a human or
animal.
[0029] FIGS 1A and 1B provide a tamper proof temperature monitoring (TPTM)
device 1 comprising a secure strap 10 and a sensor module 20. The secure strap 10
integrally connects with the sensor module 20 so that the sensor module 20 can be secured
onto the wrist of a targeted person.
[0030] The secure strap 10 according to one embodiment of the present invention is
made of multiple laminated layers as shown in FIG 2. The secure strap 10 comprises an
adhesive layer 11, a first electric insulator layer 12 disposed onto the adhesive layer 11, a
first electric conductor layer 13a disposed onto the first electric insulator layer 12, a first
dielectric layer 14a disposed onto the first electric conductor layer 13a, a second electric
conductor layer 13b disposed onto the first dielectric layer 14a, a second dielectric layer
14b disposed onto the second eleciric conductor layer 13b, a third electric conductor layer
13c¢ disposed onto the second dielectric layer 14b, a second electric insulator layer 15
disposed onto the third electric conductor layer 13¢, a fourth electric conductor layer 16
disposed onto the second electric insulator layer 15, a third electric insulator layer 17

disposed onto the fourth electric conductor layer 16, and a braided metal Jayer 19 disposed



conductor |ayer 13b disposed onto the first dielectric layer 14a, a second
dielectric layer 14b disposed onto the second el ectric conductor |ayer
13b, a third electric conductor layer 13c disposed onto the second
dielectric layer 14b, a second electrig insulator |layer 15 disposed onto
the third electric conductor layer 13c, a fourth electric conductor |ayer
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in the %gﬁgre strap to the sensor nodule 20. In addition, the two nol ded

pl astic s have posts designed to fit into the uni- dlrectlon press-fit

recept agqhgsy found Q0 hb&n SENSes MRIAMEL 180 1AS (e As bP i RBire strap 10 is
stiffened and reinforced with the molded plastic 30. These two molded plastic ends also
act as the substrate to hold connectors for connecting the Secure Strap conductivity check
and Secure Strap capacitive check conductors embedded in the secure strap to the sensor
module 20. In addition, the two molded plastic ends have posts designed to fit into the uni-
direction press-fit receptacles found on the sensor module 20 as shown in FIG 8.
[0033] The secure strap 10 disclosed above provides electrical integrity and
physical integrity. The electrical integrity will be more evident when the Secure Strap
conductive and capacitive checks are discussed in detail hereinafter. The physical integrity
is demonstrated by its excellent resistance to externally induced tensile and shear forces.
For instance, the braided metal layer 19 may be made 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 instrument. In addition, the braided metal layer 19 has good

flexure property to conform to the circular cross-sectional profile of a human limb.



[0033] The secure strap 10 disclosed above provides electrical integrity
and physical integrity. The electrical integrity will be nore evident when
the Secure Strap conductive and capacitive checks are discussed in detail
hereinafter. The physical integrity ig denonstrated by its excellent
resistance to externally induced tensile and shear for ces hFor i nst ance,
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t he conponents are housed in a plastic nol'ded house'that ma
f abr i cat éHrTB? campondioes reasebisa plagiiaBlolddlehaen dlot nmaydiod &b@@am)byanyach to
t he seculgg vfr”h loH{wough any known nmechanism In one enbodi ment, the
sensor u ‘taches the secure strap through the press fitted joint

25 as shpmsp n Fl CrB sé&Ropredsicvi frakceaapp t}ﬁdsewets*ﬁ%ﬁ%fbﬁgﬁ ani\/tkﬂ%ﬁ 20
wi |l enable the housing of the Sensor Mddule to sna e Sensor” Modul e
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S ensor
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a water-resjstant eal s fornmed around the el ectrical connectors |eading

fromth eseguér(ghf the ecure Strap via the unt-direction posts located at the reinforced molded
plastic ends of the Secure Strap.
[0036] The sensor module is expected to be functional under normal living
conditions including washing and bathing. The O-ring water tight seal 21 ensures that a
water-resistant seal is formed around the electrical connectors leading from the secure
strap.
[0037] The conformal material 27 is designed such that the underside of the sensor
module will always press slightly on the skin surface when it is press-fitted to the secure
strap, The thickness and dimension of the sensor module is not critical for the present
invention. Any thickness and dimension of the sensor module may be suitable for the
present invention. In addition, a portion of the underside of the sensor module has an
adhesive surface that ensures a positive contact between the skin and the array of sensors.
[0038] The TPTM device in one preferred embodiment in accordance with the
principles of the present invention provides means and methods for positive determination
that the device is properly secured onto a targeted person at all monitoring period (device

secure check), that the device is used in a proper environment (ambient temperature



strap. [0037] The conformal material 27 is designed such that the underside
of the sensor nmpdule will always press slightly on the skin surface when
it is press-fitted to the secure strap. The thickness and di nmension of the
sensor nodule is not critical for the gresent invention. Any thickness and
di rensi on of the sensor nodule may be suitable for the 8reseﬂt i nvention.
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accordance with the principles of the present invention provides nmeans and
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Chat thelaod co o comiersRt sTBRUREL BUBEHh bARK, Shend i KEAERREY
check), &nwcutelt atidwhedevice tirgepd ppawhis atitiadhiedictivated &y skidh@find bignal
targeted person. (skin contact check). Thus, the device will reliably
noni t or fr%%sni“ﬁ?%ép’é‘d‘ 15814 PAsE VB dser e ing Tat|r@s e % PHBGUEPYL depBOIDFNow
the devi gehcSeaetFoChiReko IfedRe SHilPEd de@icgf’it.@'rﬂc)'usg}hﬁ?u{ QﬁuJ&TMF?&\éAEE%e IS
securely attached onto a targeted person's wist, It Is activate y a
command &ingawsl withitapenfetsed moduie are ectacdageulumcbudesoriieed that@operTo

f desi .th iS, no.venue for user to interface wth
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and the proper |ocation, and record the body tenperature. For the
si npl i ci k%wtﬁf desEh¢ gievisa, scenehcliaghcin ere winbbdieend excihie ipdsdnn invemtion] 0040]

The devi r I embodi nent of the present.invention
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It is to ,be appreciated that the device secure check may be done by any

one of tHRYICHUCRE BrecknyacBrdppaby sy smetdidhe shedtssrznyl ompindian %ﬂ@e?h_etcks
: i i 0041 e _sSecure Strap conductivity
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check uses the co ctor er 1 émg_ecure Strap. It detects
the contiodiity of TheSehecSnicaindoandyodheck asdendachdutot Rger FREMb&IARHT ap.
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Secure Strap. If the integrity of this 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
peried of time (e.g., 1 minute). Subsequent actions to re-sirap the device will not
invalidate the Supervisory Notification (F). The Secure Strap conductivity check is

diagrammatically shown in FIG 9.



ASI C/ el ectronics will detect the presence of negligible electrical

resi stance. When this electrical conductor is severed at any | ocation

along its length, the ASIC electronics will detect extrenely

| arge/infinite electrical resistance. If the device is properly secured
onto the targeted person's wist, the Secure Strap conductivity sensor

w | det egl i ginhl [ ical .resistance, resulting in.non-en ssion of
the LED T4 he aovise e dengtirfBaalis TuBEifuu’ Fo pyllngt BREETH I
cont i nui rymaining tBee wosdiStordpy eo(1BuL13N1BY) seNsr diddricded @ t14agxame e v

large/infjnite ctrical resistance, and then the mcrocontroller will be
awakened Sfl‘f‘%ﬂﬁ‘ ‘@Pe@ﬁe ﬁﬁl&@gw%@f itheaprasenh anvsppen vhewy (hrapeerdueter ilassry F)
functi on.j3Jhj i vat 10N S g: 0k i fp.t t he i
sonsor ThE Loy A RERIT djdcie RESH YE At IESE it i TOBIIS
stating fdyersmathe erofgetiont dfathk tcomiludtorslayers and diclavuduBlyyrsfarshawprie Fe6 2

iod of tj .g.,. | mnute Subsequent actions to re-strap the device
et AL TOME - A A U MU
conduct i Viid svesRBFikg IhotlbAGE ABTRLI G Y SRAWR N FRE G Swhdn tl{eocg)%%uit?)ﬂ@

Secure Strap capacitive sensor detects 'the capacitance induce

r emai ni ngleckicekb cowhdioetlayers sy mamtgitsd, thd 3hpaciidnde mntrectp pdowdraotalite dlayers
(14a, 14 sho Ln .FlLG 2. one enbodi nent of the present invention
Shows 1 nebtercln RESU bR BHE S SRR R e R BGRE Gr0t byor s
14a, | 4bdieaposegotehyasnohiie WaBs UGt @SconliAYi®S tha-lagn(ﬁfcf(ﬁ‘rlgﬁéi‘?%péﬁfls jhe
conductor layers and dielectric layers as shown in FIG 2 results 1n a
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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., I minute). During this period of time, the targeted person is



capaci tance value, resulting in non-emssion of the LED. If the device is
not properly secured for the reduction of the capacitance value, the
capaci tance sensor will detect a reduction of the capacitance value, and
then the mcrocontroller will be awakefed froma sleep node to activate
the Supervisory Notification (F) function. This activation is irrespective
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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.
[00486] 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



condition, the Supervisory Notification (F) function will be activated.

[0045] Now referring to FIG 4, the ambient tenperature sensor 31 will be
utilized for the anmbient tenperature check that neasures the surrounding
anbi ent tenperature so that it determfyes whether the targeted person is
| ocated at a correct anbient condition. The nmeasured anbient tenperature
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acceptabl e range, the data w e stored in a tenmporary buffer To

subsequeotv-powerserngial oontroller, 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



to the base station. If the neasured skin tenperature is not within the
acceptabl e range, the data will be stored in a tenmporary buffer and the
Supervisory Notification (F) function will be imediately activated.
[0048] The Sensor Mdule 20 further copprises a central controller 40. The
central controller 40 conprises a signal preproce55| ng unit, a processor

unit, a : ery [ shown in FIG
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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



and to allow the targeted person to rectify the fault within a preset
period of time. The failure notification function is activated during the
devi ce secure check for loss of human pul ses, the skin contact check, and
t he anbi ent tenperature check. The supggvisory notification (F) function
is toinformthe authority of the nature of the fault and the tinme of
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val ue.  quarantine, or military training).
[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.



[0052] Notwi thstanding the type of Data Transm ssion sel ected, the base
unit will always interrogate the device at a pre-set regular interva
(e.qg., every 5 minutes) by pulsing an electrical signal with a strength
that corresponds to a radial distance tlHat can be received by the device.
The devi ce then acknow edges the interrogation by returning an electrical
signal. In the event that the acknowcedawpnt signal is not received by the
preset duration, the Supervisory Notification (F) function will be
activated and the authority nmonitoring the functions of the device will be
i nforned W, dibeNatye and tinme of the occurrence. This regul ar

i nterrogation aﬂso nonitors the location of the targeted person and
confines the targeted person to specified vicinity. [0053] The tanper
proof tenperature nonitoring device of the present invention has broad and
di versifiled appld e iPsR. telﬁB?ﬂ‘B&%w&llgomﬁéﬁéc‘ﬁ%ﬁwfqr@nwoelélm rgenifpaipgtsd the
deS|gnedt%gytghﬁﬁﬁﬁﬁnﬁﬁgqﬂ ?hae&nﬁgngz i ndoor or outdoor), different age
groups (e.g., infants, ers different objects (e.g., human,
and dogs), or adsdchar etn‘ctp smtﬂluatqamcsta(l@}: gen,sor Gyrad@edtinnethe aapimditahtaintuced

trai ni ng). resent ven on has been described with

e t he
reference’ If]%“ g]e?rg]lﬁfl(lfﬁls §p S0 (H’F%Wt%‘e PYCRTPI Bsia fagersdoBd t hat t he

enbodi ment s aresenkdrugbiidt i |tN£ 1%§ra1ll?aéonh$@s wilBVBRLEQRe SE2P S0 'tﬁat MR séﬁor
limted. Alternative enbodinents o he present invention w |

appar ent tinendersgrpgodedhniadividlall | in the art to which the pr esent
invention per nat.e ;enbodi nents are considered to be
enconpassed Wi lﬁhﬁﬁ %ldﬁ&r%{otd%[emﬁlug(&pe of the present invention.

Accordingly, thrersegpeitdbr fcbeivinpaseRioring\eRRiric@Ninf&matescr i bed by the
appended cl ai s and IS supported by the foregoing description. 14 CLAI M5
What is cl ai m8ddpia; PEPCCSR WahyfeF rEFRENEt it SFRCEHRE minstics iinfpraeiiens earfdor

cont i nuo‘ﬁ%hé{m@f‘ﬂ@ 1BEBG 19%01‘&1'3&011 Rogly zﬁcﬂi@ﬁhﬁﬁ W& he e;i‘n i ndi vi dual ,

conpri ses: secure strap wth a capacitance sensorcfor detect i ng the
capaci tance i moﬂm@edanmlttimlg,manﬂwﬁ)rsemmﬂg atd apnsnittas; ¢lectpcgviefirmhfien demi ce
from bei r‘?e e red; @ﬂg)a sensor nodule that integrally connects with the
secure stFape y'L‘H’étta‘ SBHY6r  nodul e can be secured onto the individual;

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 ambient temperature sensor for measuring the surrounding ambient temperature

to ensure that the monitored individual is located at a correct ambient condition.

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 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.



wherein the sensor nodul e includes: a nenory unit for receiving and storing
electrical information; a data process unit for receiving and processing

el ectrical information, and transmtting processed information to the
menory unit for storage; a data transmisting unit for receiving and
transmtting electrical information from the nenory unit and a base unit;
a skin tenperature sensor for neasuring the skin tenperature of the

i ndi vidual and transmtting the signals of the skin tenperature to the
menory urfi-t; aklg ampanbicefittemnparperatwngosendevicd of chimasyriingeiihtBe sensor
surroundin Ignt tenperature to sure that the nmonjtored individual is
| ocat ed é?gdzﬁ% ﬁlg&{:og%ﬁcgﬁtpu&gﬁgﬁqrgﬁg ¢ .Ckh\’ﬁgh"’c B @rOfBL%BTd“ﬂé%é? attite

nmoni t or i RPsHe idCdvde Welid tinper-Ber ei n the sensor nodul e further conprises
a skin conductivity sensor for ensuring the skin tenperature sensor is in
proper contact wth the skin of the individual. 3. The tanper proof

tenperature nmpRi.tarir ice of claiml erein.the sensor . npdul e
further t:sbnpri sgstglgjhgﬁgalgﬁgit%P%%?tflﬁennkoglgm%nr%@%vﬁ%eeOE ﬁggﬁiurﬂ%ier‘?lﬁg&eﬁ%f‘i ng
the devi ceap fethrg chappiera fdcar; stipebedutit e sérdenior inhaalriQntht *8ndH8S@NLT check
unit includes an identificatigon tag attached to the individual, and a ID

tag m cr iSEEHSSHapisHBeRdhaferrhbepRtanykrése. nodul e, wherein the ID tag

m cro-scanner will be able to scan the identification tag and transmt the
identification information to the data process unit if the device is
properly 6. att dbhgdmper pilvef itendporatdeanonitdingddevitreof alapers, priasdin ttenpanad ur e
noni tori ng devi ce.oé?%l aim1, wherei.n the sensor, nodule Eg(rt her conpri ses
a pul se SBASEPIPEIVIBLERIITIY CORISeH 0L aLleRy ophelertrgicondistive Kycnembeldedisur e
the devi gig feeiRGth@nper-free. 5. The tanper proof tenperature monitoring
device of claim1l, wherein the secure strap further conprise a secure
strap conductivity sensor for neasuring the conductivity of the secure

oLrep, oqensuic e SN BELAR LAORRS 55 Bt b SRSt} e
conduct i $bdytcagaireios a€ npvilsade@ipraks:| east one el ectric conductive |ayer
enbedded in the secure strap. )
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;
wherein the capacitance sensor comprises at least one pair of electrical conductive

layer and at least one diclectric 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.



7. 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 wthin the secure
strap so as to prevent the device fromphei ng tanpered; and a sensor nodul e
that integrally connects with the secure strap so that the sensor nodule
can be segcure ipdi,vi . L. incl S: a
romory unit 1 o reear gt S ot U0 B RSy A g
process Weidy tdureratewaif\ah myliewddalpcaogssing el ectrical information, and
transmtting processed information to the nmenory unit for storage; a data
transnitting GictWFSYE@BLi ving and transmitting el ectrical information

from the menmgrient hodd thatRAREraND donn@R wikh Stk ReLBERBLA LY 8yt SEDSQsof OF
measuring the skin tenperature of the individual and transmtting tﬂe

si gnal s dfoduirecagibiersceusepentatte mdividualie nenory unit; wherein the capacitance
sensor conpri 383,84 }{eesasjt _on%ﬁgai r 8f el ectrical conductive |layer and at

| east one di el'ect?i &9 SS}heorl mG eﬂ&%‘t} he at |east one pair of electrical
conductive | ayeém@fainttier Rteil Bighd 9eindicRIcBLhI inforhR¥8h; formthe
capacitance within the secure strap. 16 8. A tanper proof tenperature

moni tori ng dewi 8daf BocessninihfonSEEiiDai sk iprepesding rpéectiinadlyinfosmpiermt arde of
an indivi St i - e , Qr nodul e that
integralPgH%%%wgﬁﬁ@Eﬁfﬁﬁnﬁﬁgﬁgg%&}%gsf%ﬁ%ygggﬁﬁgigﬁﬁé sensor nodul e can be
secured onto tahiatd aiswidisgl yninfee rredeivihand enrsanittipdelericsGhitgd@stio RO Y
unit for receivi gﬂ.aaglg stori nlg el ectrical information; a data process unit
for recefff MEENITH BESLHAYIEl ectrical information, and transmitting

processed i nf QrypRt jeRpelafirt RELHE ﬁ?rrﬂea'ﬁﬁ&iiﬁ fi@ rSkﬁlt t?f'h?gxed'tur@ offelnk irvﬁfﬁtﬁﬂa&dt i ng

unit for receiving and transmtting electrica ntormation from e nmenory
uni t andﬁanﬁaﬁégagﬁﬁgndssﬁﬁmSkénpmpamuweK&bnSEmuﬁpunhﬁaﬁuring t he skin
temperature Ofan g(j]e%tihggio\{li tgg %lresgnnc% 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.

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;

a data transmitting unit for receiving and transmitting electrical information from

the memory unit and a base unit;



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 attached to the indiyvidual, and a ID tag m cro-scanner
di sposed within the sensor nodule, wherein the |IDtag mcro-scanner wll
be able to Sc%nsktixh?c:ﬂ]ﬁ?‘ﬂﬁﬂefs'eﬁégr'f&rh}E%,griﬁ?q}ets&ﬂpﬁ:m erdtfi€ of'tl%elrtilvfi(!hﬁl?ﬁilrl{f) n
information to the data process unit if the device Is properly attached to
t he i nditsangingiing the signelsmpdre grroempestpe tathemeemeyiundr i ng devi ce for

continuously nmopnitord ng of the bo tenperature o n i ndivi dual ,
conprises: a ¢ ]ég?]glﬁﬁlgodbgagfﬁ%fcﬁces‘gﬁ%}l%g(ﬁlﬂ“éurf% e%ﬁ’t"&@ﬁ%ﬁf‘ﬁ?@%ﬁ‘iﬁ@@t s

Wi t h t he viieedih ehSideadfiGioh M@t plehéit SBEKOINit ARRMELE ARnRBcIRAUELHRRLPd he|

i ndi vi dual ; wherein the sensor nodul e includes: a nmenory unit for receiving

and st or ithgyindhadual,iand|a IChfagmasra-sannes diposedowdkindke samisor hodule,eelirsiiige and
processi ri.cal 1 nf tl nd _transmtiin rocessed information
to the ng%D?Afe &]HHO %S?A%t‘%;lggbg; 9Qll’edf’aiot 3% s ?”i“i ﬁ%%it?g f%‘ﬁ &@F&%iﬂﬁeg and

transmi t tidengifiehtént infaalatiom @ tredatd prokesd rinittih ehen@iideyis Phdgerian@taghedas ghdini t ;
17 a skin ,t,en‘gera ure sensor for measuring the skin tenperature of the
i ndi vi dud?di%id8e fhsni tting the signals of the skin tenperature to the

menory unit; Lae it d ' . 78 W o1 P0Y ' e
dovi o boi ng { aaniRak hf@h R AR B FRAERRr Byt Bbi IR
unit i ncltadesrathal thentonftbedtindinidualgs tchmd hed ctect timbidnndindithmal , and a 1D
tag m cro-scanner disposed within the sensor nodule, wherein the |IDtag

m cro-scanner will be able to scan the identification tag and transmt the
identification information to the data process unit if the device is
properly attached to the individual; and an anbient tenperature sensor for
nmeasur i ngVt he Toartamperdprag! smiessivret mapigaraeudeyice of elagwde vilivadin tivesemomi t or ed

| ndi vi dudlodufy hOGRE BBlis®. £ YU CGhaBIRIE e el Ut i T (LATRELPT OO

t enperature nonitoring devicé of C
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 a capacitance sensor for detecting the capacitance induced within

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

12, 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.

13. 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.

14, The tamper proof temperature monitoring device of claim 13, wherein the secure
strap conductivity sensor is comprised of at least one electric conductive layer embedded in

the secure strap.



nodul e further conprises a skin conductivity sensor for ensuring the skin
tenperature sensor is in proper contact with the skin of the individual.
11. The tanper proof tenperature nonitoring device of claim9, wherein the
sensor nodul e further conprises a capagitance sensor for detecting the
capaci tance induced within the secure strap so as to prevent the device

from bei ng. t anpeseshr pléof ERGeHLAfP GlonRbARE dfev%@)?d’rac&)l‘f{ii‘f‘u({rglg rf181[]iic(ﬁl91 %?‘ﬁ‘lcfc e of
f 2ﬁer ul se seﬁ or

claim9, wherein the sensor  nodule furt conprises a sor

checki ng ol tgupesasresff anhedividdily cdupliseso as to ensure the devi ce being
tanper-free. 13, The ta r proof tenperature nonitoring device of claim?9,
wherein the sécure’ Sg?l?’g‘ggfurt her conprise a secure strap conductivity

sensor for measwnbdaOmbidele ARAAUEL Iyt donBbcts Wi HEGHERe SIhRRo iRat&NS UsRot he
device being tanper-free. 14. The fanper proof tenperature nonitoring

devi ce ofnduls sty segipred ene thhimdsddunlie strap conductivity sensor is

conpri sed of . i gnductive | ayer enbedded in the secure
strap. 18 15%%@@@%3%9%@%@%@%&%%@%‘ure nonitoring device for

continuously nmnérhoryiungt fof rechiginghod ytor@pResatddl Rifefna@dni ndi vi dual ,
conprises: a secure strap; and a sensor npdule that integrally connects
with the securle%d®r Bi9ceYs Pt of Hecdingornd pERAgFBNE hedbecad dsfimmationt end he

i ndi vi du%laiasﬁ‘m%giﬁf)_ cd& ﬁ%ﬁfioﬂ%ﬁ%?é&%gﬂgﬁ%r S"f‘org%émry unit for receiving

and storing electrical 1 nformtion; process unit for receiving and

processi ng el ecdatd tahsnittingr wrat foonecavidg ahd anssmittinggepriogleagemaiint domat i on
to the menor y unit .for st%oragiﬁ;; a data transmtting unit for receiving and
transni t LN EPEHY @14 545 Bfati on from the nmemory unit and a base unit:

a skin tenper atsulitefBRRQre SHsoFBATHEI DG S B8 kI RmbpEAREE A Welindfvidifan
individual and transmtting the signals of the skin tenperature to the

menory ufRBSMisRE tha sicaalawf flicckin tomperatirprebensenahooi; andi t for ensuring the
Sﬁ:’!{ Cien E thgsag‘%['g&{tﬁ)ﬁt%% | g%n%l- gldécrl](eunlitdfgp éI{S{lII‘lI(l:g %ﬂeodﬂévfc%%eﬁrg?glﬁgér- reba;eCk
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 propetly attached to the
individual;
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; and
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.

16. 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.



attached to the individual, and a ID tag m cro-scanner disposed within the
sensor nodule, wherein the IDtag mcro-scanner will be able to scan the
identification tag and transmt the identification information to the data
process unit if the device is properly attached to the individual; wherein
t he sensor nodul e further conprises a gegacitance sensor for detecting the
capaci tance induced within the secure Strap so as to prevent the device
from bein tanpered; and wherein the capacitance sensor conprises at |east
one pair ldf elldet meduld ebrdduot i e wheagiar thenderar [reedide arfetldi éinget rproof ayer ;
t hereb east..one pai.r ef ,electrical conductive |ayer and the at

| oast - ond apEhurEAob PG PRids Rirvfs EEhiAER p R BL STt e RYGL el Sritinp,

16. A netshiddmktiod nfarthio cdmgridddecteoklye tBERRIALHt Rt Wet@Ber A NéGeahndYhdISi Ng
a tanper . proof tenperature nonitoring device of claim1, said nethod
conpri si ﬂg‘ﬁzﬁ@}lafckrye@ﬁismjl ¢REuEHPY e der STsUEipg thab tiecskibiempsemtergparior ahce
sensor; | : . re of the individual continuously
by the sE?ﬁ“ﬁﬁgﬁﬁﬁ¥£?ﬂ%gﬁ%§ﬁgéfgﬁgﬁggéhé'the devi ce can nonitor the
tenperature of the individual as being tanper-free. 18a 17. The nethod of

claim 16, wherein the .sepsor. mpdul e of, the tanper proof  tenperature
moni t or i 1§ dewk emf’&"fihg _@%H‘prlgsé@eéelgk{?]ﬁ ey 6?‘?‘{}5?‘{ Wistss ,Pearilfo%eyei n
sai d net fi‘é?ﬁ'pé‘r&tﬁ?é"ﬁfon?t@ﬂ{?%'d%@ﬁ_ecﬁﬁ%gﬂ REOmpRSs Skl AmBRM ?%p%&\“@%@nsbpeargﬁv' ge

and the individual by the skin conductivity sensor for ensuring that th
ski n t enpédesinpad seathal furber compisspercasnuingabe swidundingsrskient tahpthiare of

i ndi vidua) . 18 T had af, cl aim 16 in th dule of th
tamper  prisor by B rr ol Gaot'as e R (o CBLT R A ont

t enper at Watcsiens Qbire@RthbioMiesiiflorsal d met hod further conprises neasuring
t he surroundi ng anbi ent tenperature of the individual by the anbient
tenperature sensor to ensure that the nonitored individual is located at a

t i I op. . 1&N : [ N th
module of 't he Paraercpr Shicia, ARCRAREE Retlorbor i A CRpCked TuBREr e

an i dent idmmadtiemosgripgekeite duthe cmphikés, an \dagRiafios lgthrehbochcbruhiter

conpri ses checkiggné£§13{$§ence of the identification

- . . tag b
wherein sai rther comprises checking the presence of the igentlyﬁcation tag by

the identification tag presence check unit for ensuring the device being tamper-free.

20.  The method of claim 16, wherein the sensor module of the tamper proof
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 ensurc

the device being tamper-free.

21, The method of claim 16, 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.



the identification tag presence check unit for ensuring the device being
tanper-free. 20. The nethod of claim 16, wherein the sensor nodule of the
tanper proof tenperature nonitoring device further conprises a pul se
sensor; wherein said method further cogprises checking the pul ses of the
i ndi vi dual by the pul se sensor so as to ensure the device being
tanper-free. 21. The nethod of claim 16, wherein the secure strap of the

t anper proof tenperature nonitoring device further conprises a secure
strap conducti vi TAMBERPROGETEMP ERATURE MONITORING DEVECH ses neasuri ng
the conductivity of the secure strap by the secure strap conductivity
sensor so as to ensure the device being tanper-free. 19 TAMPER PROOF
TEMPERATURE MONI TORI NG DEVI CE ABSTa&gﬁﬂlth~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

i nvention, th%wta er. proof teng%rature nonitorin _device.cangrisgs a
secure st rap W PR LY SEI PN RRIEE A SYRPS GO BPE TG © (D OEBE de Y igh d

i nduced WbithHudublPenGRGUWNE of Bid RRIySOmPSratife BT BY BiivilRE. de¥hEembsAMReLNY
tanpered; and a Sensor nodule that integrally connects with the secure
strap sothenesenhinveatiero thavsdwierproah tduepesgoer vdnioning delieicotipvischumbecure

wherein 2NSOr lul e include menpry unit for receivjng..and storing
ol cctr1 cae MSE R Omn refi o8 DoRelR BiR o b len Ein GRR iR o5 SisBL g
el ectri calrap &f & @RIrb @At (1RNIEvick TRMS BEihk it N8pdE LR 388 nddd ey did thanintedrdlie
menory unit for storage; a data transmtting unit for receiving and
t ransni t EPMYCBIvVEE thi sequrg sifaprsedhatdhe Jonsen medulprearohgscowied opivdhaingagéualni t ;
and a ski (o} [ Sur .1 he i emper at ur e _of. the
o o Sk A BRSO TERIHOY Yt B S SRS Al 8P
menory uiifbrmdtos; & data process unit for receiving and processing electrical information, and
fransmitting 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.

FIG 1



