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1. FI ELD OF THE | NVENTI ON . . The invention relates to

br oadband systens, and in particular, to Qﬁfadband systens that utilize
narrowband circuit swtches for various call capabilities. 2.
BACKGROUND OF THE PRI OR ART Conventional circuit swtches
provi de the backbone for nmany current .tel ecommuni cations - net wor ks. These
swi tches process call signaling and extend the call connection towards the
desti nati on. They have al so been devel oped to include sophisticated

capabilities. Exanples i nclstﬁ@_wldm |-1@{me @m’g screeni ng,
{

routi ng, connection control ] are also used to
depl oy vari Ous ServVi ces.= e et “ "800" calling,
voi ce nessafi ng, and dgass :smxenmem generally re]Aatem as:era ,dABYEE hdxpdous

Transter Mde (fH4 ' ESARLERNriigPE PlefRYaIARASC! Ceb8¥bEbre of a
system and more particularly to a éelf-verifying device
for measuring a system’s true thermodynamic temperature.

CKGRO OF THE INVENTION

10 ' The accurate measurement of temperature has become
very important to many modern industrial processes.  The
typical industrial temperature control system relies on
signal outputs generated by some sort of temperature
sensing device to provide a temperature reading for a

15 given system. The temperature reading is utilized to
regulate energy input, material input, the quantity and
quality of the product being p:oduced,'environmental and
safety parameters, and other parameters that are critical
to the manufacturing process being conducted. ‘Set points

20 that operate modern processing, manufacturing, and energy
generating facilities often reference measured
temperature. As such, the ability to accﬁrately measure
and verify a system’s temperature is critical to optimize
the efficiency and safety of any temperature-dependent

25 process. However, as a basic physical quantity; like
pressure, mass and time, temperature is extremely
difficult to measure accurately and great difficulties
arise in determining if a temperature reading being
provided by a given sensor represents the true,

30 thermodynamic temperature. The prior art lacks any
teaching of a temperature measuring device which can
provide a verifiably accurate reading of temperature over
a given temperature range.



br oadband swi tching capability for tel ecommunications calls, which are *

requests for tel ecommunications services. Sone ATM systens have used ATM
cross-connects to provide virtual connections, but cross- connect

devi ces dwoesfosbgnN e t he capacity to process signaling used BYTAIS97/14537

t el econmuni cati ons networks to set-up and tear down calls. Thus, ATM™

cross-connects cannot nmaeke connections on a call-by-call basis.

As a result, connections through cross=connect systems nust be

pre-provi sioned which creates arelatively rigid switching fabric. Due
to this linitationA ARMaRdPrAvkReAssgeiatrd hath dden vaelous prinarily
to provide e@&béﬂe&r@ﬁe%&szﬁ . 38V Re@S oBCLHRNBRY o hikali sCithal ts (PVCs)
and per manent virtual paths TPVPs). But, ,they "do not provide ATM

swi tchi ng itk kRPYnppTiar| aphsAsvaceseggaudde: #eTio8i6yi de switched
VIh rtual ci rx%&atﬁillblﬁé/&bnomsw Eamgfﬁrwibnabvaat by (s$g@%)a-r Eh@i@se\s/ IF<)| I eg in
the art are wel | _aware of the efficiencies _create usi_n and
SVCs. a5 SpRSRE 1B PAELORNAE pURS - b CHEL, Cal 1BpeL Sanegks S eR: Bithaw d h
nore efficirzemdyal of the devidel fwomchhe bysteal in Whdéchudeditsdo provi de
PVCs. and R V S t ' on a
calI-by-caF#Eﬁgg5§€f¥%ge§&éﬁgaﬁgcEﬂgoggEﬁgg'%geggﬁgigggégggnéalI processi ng
or si gnalRewpvabaeft Yhe Aremperatuse megeurdngodrvirgniremgtdgpability and

cal | processidiehagdPesi £YsbOto aae&h?eaﬁacén@&%ﬁh{eﬁtahnr'%qt%_r whilachi eve
virtual ,connect]on swntchlngegn acall b | basis, ATM sw tches are

. y_¢a 2
bei ng dd¥elBRFAPVRELIRS n2BEEEREed LD, ﬁaﬁ'éabﬁé'n'%@nt EePEGRERETy 3 o provi de
vi rtual cigrect i oast f ooseath lebkt. pIbdsetiyitens cause probl ems, however,

because they nust [ | S{d I e rks.

These ATM sw tches%%ué%%eggegg%i‘%%&\%fﬂnﬁ%%%@%%rﬁ sgﬁl%FféEfaélé\?t I on

| egacy ser ways Vianrediverag arrayrRE. sansoxsapveriousdmgshadsAPd switch

that can h : , addy Calel
4%#%f%57£?%€emgagﬁféﬁeﬁﬁpggF§az 88 a QQrYBHX 6Fr§$Perally

Currentlg, t exers are ca e or interworkihng I ¢ .of "ot her
f or mat s 1IPntwekhaundersteed ngPnceRESc 3RLe SRASAKSa§XASK- i nTBPWYRE LS

mul ti pl exenfe{iBEeSof médbirihgptenpesatieebeanbe Bevketpadwihdntean
interwork traffic ;ﬁto ATM ¢ Es an nultigéex the cglls f.or tran%gprt over

el d
an ATM  ndiSWTia1 1ALEE1 0T FRA%SIPE RS Ofs S84 RpPENSTY LT o8Py L&
connect i onoSetlettiedisnbased| bnbandatiktiBdges. different scliensdficat el v,

there |s agiaftbiples! ! | heNaPAoheMEahiahoaRBrl BLOGERLC AT aRPADI I (oo

of br oad onents wt e cap ties of .conventional circuit

swi t che20 Sirsigtanceckhepuprgetry devices (RIDs and thermistors),
thermocouples, optical pyrometry devices such as black

body emission devices and infrared radiators, bimetallic
devices, liquid expansion devices, and change of state
devices. The fundamental link between these distinct

25 families of sensors is that each family infers

temperature by exhibiting some change in a physical
characteristic in response to a change in temperature.
RTDs measure the change in the sensor’s electrical
resistance as its temperature changes, with the

30 resistance rising in an approximately linear fashion with
temperature. Thermistors, which are generally
constructed of various ceramic semiconductor materials,
exhibit a nonlinear drop in resistance with a rise in
temperature. Thermocouples measure the electromotive

35 force (EMF) between a pair of dissimilar wires. Optical
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provi de ATM woesmsostonnecti ons on a call-by-call basis, but seoEuseridss?
nunMer ous services currently provi ded by circuit swtches. '
SUMVARY The present invention includes a tel ecomunications
system and method for providing a service=3- for a call. The invention
operates as follows. A signaling processor receives and processes a first
t el ecomuni catdemnices gnakthgasedsigares: semsord. infen & itemperature by
control nMessages s diSPAGNENEORhELal rabREta%R MY t2S P M material.

t el econmuni cat1 ons signhaling nessage. A_first ATM.i nterworking nult] pl exer
recei ves narr Qinew SPeiFR: G8VICRE MEALize.photolumineagesnt pxinciples
conne\i’tct) i 03- |t Qe f@iﬁéet_arﬁpé@lnbaﬁré. B_igfeah_fliclﬁ.d‘ rdfﬂ_‘ﬁitdis% fxﬂdaséulre the
nar r owban onpection into cells that.identi a first virtua

connecti on as‘:&d"cgere%ﬁetﬁﬁA*MFsFaESnP ol hﬁé@‘?&gﬁ%ﬁ%’%aﬁﬁ@%e ATM
cells over thaifffetent rhebalsonnbigudd eXxpafsion deswiaes,c@utdrctassyst em
receives the C ' Lnt et ' ) I Rk r the
frot o ' UFr o maeePehoLq hbsnobler, BRI BaBlird B onthd
virtual connestiangdasbdaopiven £filuid inr response gongechamgs dentified in

the ATM cel | .. O éTM FPHE1 1! KEREnBELbERLR AR taRpletture ATM cells
fromthe AJM cross-connect systemover thé first virtual connection. It
converts t AR SERsQYs chapge appearance once a certain temperature is

reached. Of the foregoing temperature sensors, the vast
majority of devices used in industry today utilize
resistance thermometry devices, thermocouple devices, or

—

optical devices.
15 The prior art contains numerous examples of
resistance thermometry devices. U.S. Patent '
No. 4,971,452 issued to Finney on November 20, 1990,
teaches an RTD for measuring the temperature of the heat
receiving surface of a heat exchanger. The RTD includes
20 an RTD assembly which is welded directly to the heat
receiving surface of the heat exchanger and which shields
the resistance element from combustion gases and
thermally isolates the resistance element from the sheath
of a sheathed cable which electrically connects the RTD
25 to its associated circuitry. U.S. Patent No. 5,073,758
issued to Postlewait et al. on December 17, 1991, shows a
circuit and method for measuring resistance in an active
and high temperature environment.
The prior art also contains numerous examples of
30 thermocouples and thermoelements. U.S. Patent
No. 5,209,571 issued to Kendall on May 11, 1993, teaches
a device for measuring the temperature of molten metal.
The device includes a therﬁocouple element, a housing
congisting of a heat resistant material, and a retainer
35 member for receiving the heat resistant element. U.S.



the first virtual connection into the narrowband traffic and transmits the
narrowband traffic over a second narr owband connecti on based on the
second control nessage. A narrowband switch receives the nar r owband
traffic f¥WhI8M86Zecond ATM nul tipl exer over the second nar PERFEEIH4537
connection and provi des a service to the call based on the second

t el ecommuni cati ons signaling nessage. In varlous enbodi nents, the
service prOV|ded by the narrowband SW tC routing the call, billing the

call, | i dati a.calli ser, r a voi ce messagi ng
servi ce. ateft' N8 Ené%?@&s%ﬁb‘&éﬁé’nﬁﬁ \ise%hd'ﬂ nd%r ocessor

sel ect s t heangustwBand99di,t showsha thlerniccomple ﬂmr1ngthﬁmberutuuéuIable
access to t | 0 I an area
served by tﬂgaaggég%glgﬁd vah.?légid g\%\%@?% tr‘tr%r?g%cép \(,:%?%jst or t he
first tel econewmocaupdescompriisgsakineg qugeEl@me@lnMQfg d;shasulraatl on

poi nt code, I gin n , IIer
nunber, % lm%%%?é 9h8ghhﬁﬂrEﬁgoihﬁgﬁﬁgliﬁtgpééq¥§ﬁ§3§J¥€;§%?%Ier in the

massage) the medium, fhe,5eMBEFatNEEdifemdich i Dejmg mepsixadssor

sel ects theUfSESPaEéhi:Uﬁb cennegt,bog: la@%eédor&o Mollttl&‘l%i"cﬁﬂt(ﬁﬁmé‘@fd owband
sw t ch, avaiggg ﬁccess Eg t he nar omba tch | qadi ng on t
nar r owband sWPHeHSs an F€Q°§8PP ﬁEiPﬁﬁbéﬂjQRMQHﬁ?c Svor k

mai nt enance condi t iThes ,pwiox hertd iakdo conteimoeﬁamp]:aél ofis signaling
nmessage 40! ' estli i oi . e 0 n alnt ode,

an NPA, lgnq%%ﬁgk&gfgggc§%F§?E§%%Hgbg%&#§$% &@@Eh ﬁg%;fg ¥ nber, or
a network ithermbceuples.i nAshennexeagdpe, U.S. Patent Ncn \Fard38,3 03

embodi ment s; g kheq NG R%ﬁ@d W hGBuRtO®SS 991!, h%e%@ﬂesb%s%tﬁ{bd hggecond

t el ecomuni cations signaling nessage. It provide.a third tel econnunlcatlons
si gnal i ng n%%%%ﬁ%tBﬁseg measyripge teRPeratyres ¥SiHgafd Mg es t he

nar r owband &lii@ﬁlbﬁoﬁplet afidcahl ahﬁz&h&r@ettm&nﬁwu@llet Id@rme@tea/e:ro a
rocessaqr recx;ll VeSS a

third narLr owban e nal
Drovaseds (#RS! s oo theofain, Histmariupld REn BRI ae S Fufilian ue a
third cont robmpessagdéone tHeSsePaehenkTMo. 5 m&unmpBememueﬂutd(qummwde a

fourth contgel M
ourth contgol 5 fEsﬁggggtg Err 2901901} e %%Fg%:§h1th narro and swi tch

recei ves the narro f|c for the ca
over the tkW?@lﬁaF%BﬁbQﬁalce ceppreed of aft: leasFer £iM8E narr owband

traffic frOtfhéhﬂo&bupdenahaowoaadoﬁanl&h@trtr@a:du@u@.ATM cells that

| dent | fga second i tuale qqnnegil.on, basedof Lhe LML gopiLel message and

utilizes an RTD or a thermocouple or, in certain
instances, a pair of thermocouples; however, the prior
art contains no teaching of combining an RTD with a
thermocouple. Furthermore, the prior art contains no

25 teaching of combining any other type of impedance element .
(capacitors, inductors; crystals, or semiconductors) with
one or more thermocouples. Finally, the prior art
contains no teaching of combining two or more
thermoelement wires with any type of impedance element.

30 The prior also teaches combining two optical
temperature measuring devices. U.S. Patent No. 5,112,137
igsued to Wickersheim et al. on May 12, 1992, teaches an
apparatus and method for measuring high temperature
ranges using black body techniques and lower temperature

35 ranges utilizing photoluminescent techniques, both of



t he second narrowband connection. The ATM cross-connect systemreceives the\
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second ATM i nterworking nmultiplexer over the second virtual connection a 3
routes the ATMcells from t he second virtual connection based on the
second virtual connection identified in theSATMcells. A third . ATM

i nterworking multiplexer receives the ATMcells fromthe ATM cross-connect
system over thwhich exeomptiigalydiemperrburemeasurbngcteshnhauasn cel | s

from the secong;juicelidfle inP H¥E it itd&ch NCombinig ' eWEaBEns6RE! Egomnd
transmts the narrowband traff.ic %%fkga fourth qgrromband onnecti Qn based

on the foufthfezsntofanidies SRFPHRSSUFR 28R ERBLAFARREsIeVREe
si gnal i ng procgggoa thkeetictduples el resistancedl devioecahanahaspeieala
deStinationspoint.code in.the third.tel ecommuni cations signaling nessage
or based on%a €¥iFfaPFof ETRARIFIRE 1 n the third

t el ecommuni cati ons si gnafungheesfuagdamental limitation with the BRI EF

DESCRI PTI ON OF, PF%@&@ : ¢ bl [ I | for a
version of thet%ﬁggn |00.G§en81n? dev*gé%ggffgﬁ%l?gg?g %?§g$%ﬁ€§%€1a
version of thethegendeyices are incapghle of iprevifibes i vgtiabliercheck
version of theofn¥gMibPation over the temperature operating range

10 without removal of the sensor for comparison with a known

.\..

calibration reference. The fundamental limitation of all
of the priox art devices is that they utilize a single
family of temperature measurement devices, i.e., RTDs,
thermoelements, optical devices, etc. to measure

15 temperature. Although certain prior art devices exist
which use more than one temperature measurement device,
such as a pair of thermocouples or a pair of optical
devices, the prior art contains no teaching of combining
two dissimilar devices such as a resistive or capacitive

20 element with one or more thermoelements.

Generally, the primary failure mode or modés for
one family of measurement devices is distinct from the
primary failure mode for another type of measurement
method. Further, the primary failure modes for different

25 types of devices within the same family will generaliy
differ. A sensor element has a tendency to degrade or
decalibrate due to hostile service conditions or due to
an extended period of use without recalibration along a
primary failure mode. If this occurs, the output signal

30 from the sensor will no longer accurately correlate with
the true, thermodynamic temperature at the point of the
sensor. The prior art lacks any teaching of a device
which can alert the operator to drift in the output of
the sensor occurring from degradation due to any of a

35 variety of factors while continuing to provide a true



DETAI LED DESCRI PTI ON Fig. | depicts a version of the invention.
The term "connection” refers to the transm ssion media used to carry
user traffic and the term"link" refers to the transm ssion nedia used to
carry WO80806% or control nessages. On Fig. 1, connecti BAEUSYA48own by
solid lines and |inks are shown by dashed lines. Users 100 and 102 are
connected to broadband system 104 by Cognectlons 150 and 151

respectively. Users 100 and 102 are |inkRed to broadband system 104 by |inks
160 and 161 respectively Users 100 and 102 could be any entity that
suppl i es t&hﬁﬁﬂﬁﬁﬁﬂ%ﬁ&?cﬁ%?ﬁ?@ﬁ??ﬁp?ﬁﬁﬁ?ﬁﬁdbé“dssyg?EﬁPEO4 or that

recei ves t g .f iz, T7eymsu opsksedl sy ssesadddet Sabe exachessawoul d be a

t el econmuni_cat i on p p (CPE) .
Oonnectlon§ef§??r£§d‘%ls?reso$%q%t¥f§%%§onn{é§ é?ﬁg?é aﬁrr'gn&hht be used by
users 100 amzl:nﬁiks anmsimbrm@bmdmgswm1@4shexanpn§suuhcbqaur8D53

inks 165 4 ) SHsimerowste, O K cithival (Epotkebniis of BapRRacLy One

represent any m ght be use
bet ween usmtmmemqutmopr&wamwegs@errm@:ncaE*anpwben a jncl ude

si gnal i ng Bk sdnsdy - sltdtddwirNor T8R61E cﬁﬁéuigphhg occurred
Br oadband sys en1104 I ncl udes ATM interworking rnulti exer 110, nux
112, mux 1The opexaiidy J<ecebyRR Jpo 1&%‘51ﬁ%l¥’r83/oaﬁd‘”§§k‘%8ﬂe§’ ?§o bed 132,

and signal lsai:szmo A nfjsllw .déirabilbrate orsd¢sift Afid thewebyclisdas .d
t 152- 15 ted t
mux 110187 20T, Heltine B SRS o e ShORAARERCE e Rt B VRIS °C\

112 is conmnaughd(1swprqwud1ng3anbgrnonaeus|ensnes tempepakuresd is -
connected to swi tC?gléﬂeb veRined I sbis aév,lah&?aﬂfon o FHIERLRE, to user

100 by connection 0 an IS connected to user 102 by connectlon
151. Comib(QHQﬁ%tql‘BZJ-%SfP%ﬁ%dAW wehhizei okler. spuEreraBfy carried by

SONET. Connefdrani &b todcdbfect f62 thér Pabbutecodaealibpation,| ar to

connect 50. . ahd : Preferably conpect DS3 or
DS1 con ctﬁ;%;qjlqg-%% whéR"ERS igvg%l% a?e aiggSSE%s 140 is
| i nked to mxx "dboify” I1mkt1162$ems>onuxea_glzebyth¢nko B8, thrsw.itchs 132 by

link 164, tQ, ced .?é/to gg%rs : Ogégt%méw %ﬁé ééﬁs8¥ h’uQE B8O -Signal i ng

pr ocessor |s in | | nks |
respect i velgecadidrated cor | Feplrcedt |§°§ﬁﬂ?§rthﬁbeaﬁr$?P ﬁFﬁh aCkS

any device or method to allow the operator to determine

20 the amount of drift. Presently, an operator is forced to
"guess, " based on experience, as to the level of
decalibration. In summary, the only known reliable
method of verifying the accuracy of modern temperature
sensors over. a wide temperature range is removal and

25 independent recalibration in a calibration furnace. For
many modern applications this procedure requires costly
‘and unacceptable shutdowns and maintenance expense.
System shutdowns to accomplish the calibration function
also involve significant safety risks to the individuals

30 associated with the removal of the sensor from the
system. For example, in many applications where the
system must continue to operate, the removal of the
sensor element is dangerous, if not impossible.



be used to exchange signaling instead of direct links. Links 160, 161, 164,
and 166 are conventi onal signaling links with exanples being SS7, | SDN,
or C7. Linkswi®98/08068, and 165 are any |inks that carry con@cq-kusg-”usy
nmessages, W th exanples being SS7 links, UDP/IP over ethernet, or a bus "=
arrangenment using a WO 98/ 23065 : A
PCT/ US97/ 20697 -7- 4
conventional bus protocol. Typically the swtches and nuxes are connected
to a network managenefhere isyst gyeadidin ithe@rtshioom & otempepaseseof

clarity. aisx%rm?”%ﬁeéSaﬁﬁnﬂé‘éhoézgh&éhac ﬁ“%%%%a' deyjce that

provi des a pl 0T a VT onnacti ons Batween the mixes.
Typi cal |y, thé"%ﬁ#ﬁlﬁ# eharmedyRamdsyFeMReEabare.pS3, or SONET for

transport. The virt uabh@@wqcst 20 Furre Héé&'ﬂdér @%&@f&@dwmcﬁheaéf peual
Pat h Ident| ierNirt |

iﬁf g. | dent ELHEVPI/VCIE e cel

header s. s&e@ay %t%.elﬁ?bFF5|5h§He Yo ELPInhe B@F o remove

crossl-con][leCF1 tiee Sdtdor ebtoh Ot he systéﬁl fgﬁ ealabggtb.oﬁy caIL lbias:js Anh

exanpl e of the cross-ggonnect, | NE Those skiJlled in the

art are aware that a - Fﬁepﬁ'g & &%—t n&etedT%dLﬁc?b% RS "I'l?ﬁl <h this

fashion, but facogypputss dweloximgreodistinstnfaniliessofoteaperiatuzieown.
Ei ther a singlea LSS, theré&?@féa?iy”i‘é&h%ﬁg%ﬁ%slﬁill%ggﬁbﬁal ﬁxfrtefe”ed

to as a cross- connect sy
oper at i onal0t eaich @fidie (emse¥s )inrafgivencdariae AWilindessaibratenim

formats in resRepmdd SRS samE SROSEL1& 0ge s gBa! baﬁd@fz%ﬁésgl’r &40.
Typically, thg%proxlmately the same point in theixr operational lives.
There is a further need for a device which
produces a data signature comprising a variety of voltage
15 and impedance measurements obtained from the sensor.
There -is a further need for a method of compiling
a data signature comprising a variety of voltage and
- impedance measurements and analyzing the data signature

to determine a verified true system temperature.

20 ' SUMMARY OF THE INVENTION |
The above and other needs are met by a device and
method for measuring and verifying a gystem'’s true
thermodynamic temperature. A self-verifying temperature
sensor includes a sensor, measurement electronics, and a
25 computer. ' ' :
Within the sensor is a multiwire sensor element.
In various embodiments, the sensor element contains a
plurality of temperature-dependent thermoelements coupled
to at least one temperature-dependent impedance device.
30 In a preferred embodiment, the multiwire sensor has two
thermocouples, with each thermocouple formed from two
different thermoelements. Junction points of the
thermocouples are coupled on either side of a resistance



i nterworking entails interworking individual DSGs with individual VPI/VCQ’

I n accord with nessages fromby signaling processor 140. A detailed
description of the nmuxes is provided further bel ow Nar r owband
sw tches Hiposemde1 32 are conventional circuit sw tches. ThePeTaUSyV/I438B
process and interconnect calls. Typically, they connect an incom ng~DSO
to an outgoing DSO. Oten, they per f or m nunerous tasks including,

val i dation, screening, routing, billing;8and echo control. These

sw tches can al so be configured to provide special services. Exanples of
speci al serdevdésear eA Elfiiinghermasskasnte | 38 sconpledeso the ceentervat ed

cal l'ing, angfv?hgef%%g%%qd& ddvritdeal private networking, hearing

i npai red asSi stancé/ enhancenent, operator services and intelligent network
call routing (Iocal Thenbeermoelgpepipi Rrey CONPAEEN SO MERFITEMeRthi |ity,

toll free _gahbbe%nic_s. The n;ea'it%‘b’ﬁéﬁtg @Ié@@ﬁm%ﬁ%émujéc@?@ihg&aggal to
receive .process signali 0 .select a rrowba . SWitch an
connect i g:slgsq Fgesélhgﬂ'mq%mw aﬂés"“%ﬁ?%‘h %e&%‘é?i%ﬁ'sr&%thu’ﬁ% based on
various critherafrom. Admwvthemposuple: isvehdsdt caactiessptimatye switch,
current |oading on.the switch, the servige. (it of swi tch,
or the area EE‘%&E&%’;F% t?éenﬁﬂ’? ca}{fda‘l:'ysgi%Aaﬁﬁﬁgﬁ%&%or%%ﬁiﬁ?%%%'vm%#% be a
VPl / VCI andosher the@mceilements) fowe e ssecandary sepsdt cand arevi di ng
control messagesbad he Mt ddibaiBtosde | connections. Signaling
1 : : :

processor I's al so capabl e, of exchangi signalin i,th the switches to
facilital® call proteesfaga ?%9P§E|Hirﬁe&%s%g|]r§ ﬁa,p,agpﬁfg.;&,edmg n al so
exchange si gbaverted tihtdhQikgarsl datd 0 fHsé | digital h@atal s dedet bl ed
description of si % r. 140 foé | ows_furt her%fel oW,

nal i rocesso A
In one enboBi FEAP tﬁ?e%éﬁﬂr}vcﬁfs&p%q AR LHLFEITITR YHISE 3PE £ 1 om user
100 to user fhi#2heln analydiiss. erttiodli campyt exr ghbsplay $roe ssempdidtuze

t ranspar ent r r@g@?ﬁg i icC Thea users and
nar r owband g\s?\ng %E‘gg%zftf}ﬁﬁ%}%eoiﬁnﬁer ag}{. as eyéf\é\moélgffé%laayfyp?%%l net wor k
scenari ol5 | gomputelye uses dhe slathcohlrgiedniTan grlae i FECPRA2TYit er cept ed”
and pr ocessgdnRhrSitd A AT P ML Xktipddure méRNNEEA | BPSthé eprimbeycept ed"
and extended by the nuxes. User 100 V\€| I .seiée a %IO% m
connection SRMEGFmectSBIFELLRS FeApndaTy SERTREII3E3 HF P2 AnESTFFO
enbedded wi GhipluaalSty deertehifieratured depéndent debemehts se¢adh nessage to
signaling prqcessor ,140. Jyd , | S..] S nkiial Address
Message (I A ?“?f’%nﬁqvﬁé”%raoc%%’%%ﬁ% %ﬁéﬁéz%@%'%%éliﬁg in order to
sel ect a2@windicates odwss ane QIMOre (PaFts af| ehe ﬁﬁ%s@§hhé§tions to that
swi tch. For 3@%32Riei. From this verification, the computer .
calculates a confidence level of the primary sensor.

This confidence level is also dispiayed on the computer

terminal display.

25 A technical advantage of_the present invention is
that it overcomes the deficiencies of the prior art by
providing a self—vérifying temperature sensor which
‘utilizes at least two temperature measuring devices from
different families of sensors and obtains a data

30 signature therefrom which can be analyzed to determine a
verified system temperature.

A further technical advantage of the present
invention is that the device can be recalibrated insitu,
thereby eliminating the necessity of removihg-the sensor

35 from the system in which temperature is being measured.



if swtch 130 is selected, an ATM connecti on pre-provisioned through

cross-connect 154 from nux 110 to mux 114 over connections 152 and 154
woul d be sel wpesiososn additi on, a connection to switch 130 POTRISY7/04537
sel ected-within connection 156. For a standard call, a VPI/VCl and a DSO
woul d be sel ected by signaling processor 140. . WD 98/ 23065

PCT/ US97/ 20697 -9- . 5

Si gnal i ng processor 140 would send an IAMto switch 130 over link 166. The
| AM woul d cont ai n# flurthar dreqhnicab adoaribage hef ckhe pres@nts t he

di al ed nunber RfkdbeohNs@TAGEDERe Eefipalbiire scliseiepiRaue & st 2

control -nessage to nux 110, over i 6 The control, nessage woul d

i nstruct mAhgnatuYe Yhich Bay PHE} & BnPE'&mé'é’t Sata package @nd

sel ected VPI/\éde Qirqwﬂecha@nuﬂﬁaata aSkagelsl wlahoe;ems@fe \wophrernd a
O nmux 114 oyer

trol t t - | d
Cotruct i PEASY HRF BFLTERE GRFBCBBERIRR] U8 VB ity b L w th
t he sel ected REmperatureonnection 156. As a result, a call path fromuser
100 t itch 130 d ' = t
100 105 oh, 130 wouhd ki GRS or A9 pFegaR: T

sel ect a rout énvantien cis| it Thensmeaghreoand indécasensbe degnese afmconi ng
DSO on Connecﬁéﬁkéé@t%ﬁhwﬁﬂeﬁhﬁés%ﬁﬁréanﬂﬁCEhQnSEEQOIS‘M tch 130 would

al so send an | AMindicating the destination for the call . In this

exanpl e, tAR destinat FH¢ foregRidghagiquilings ratmI%F%djchéeF €02. The
| AM from swi t Geallfkre® Uhld Deeclonii €41 t ad9abageBJol! ehespeseh. Si gnal i ng

invention in oxrder that the detailed description of the
invention that follows may be better understood.
Additional features and advantages of the invention will
15 be described hereinafter which form the subject of the
claims of the invention. It should be appreciated by
those skilled in the art that the conception and the
specific embodiment disclosed may be readily utilized as
a basis for modifying or designing other structures for
20 carrying out the same purposes of the present invention.
It should also be realized by those skilled in the ert
that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the

appended claims.

25 BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, and the advantages thereof, reference is now
made to the foliowing'descriptiohs taken in conjunction
with the accompanying drawings, in which:

30 FIGURE 1 is a high-level block diagram of the
self-verifying temperature sensor of the present
invention; ) :

FIGURE 2 shows an exploded view of a sensor of the

present invention;



processor 140 could read the destination point code in this LAMto !
determ ne the destination (user 102) selected by the switch for the
call. Signaling processor 140 would select a VPI/VCl frommnux 114 to

the nux swO48M$e6he destination -- nux 112. Signaling proceBEHUSTUISHoul d
al so select a DSO wi thin connection 151 between nux 112 and user 102.

Si gnal i ng processor 140 would send a coshrol nmessage to nmux 1 14 over link
165. The control message woul d instrtct nux 114 to interwork the DSO on
connection 156 with the selected VPI/VCl on . onnectipgn 154. _Si ngl i ng
processor 140 woul FIGURE 3 Y2 r%%g‘gert%"}ﬁfi ivad al?’ﬁ?fﬁé The
control nMessagRIinehe oPshr sehsbixelémient bnft eheoplreseats dnventdovi?l / VCI on

[ 153 wi | S
b ocessor 140 m ghE EURE & ST PSRt ek Yiotam R RLTY,

call conpl eieasurement electronsca.randlt a call path fromswtch 130 to

user 102gwoul d be eg &%bém&‘h 55 ci 120, and
mux 112. 5Corrbl ni ng th Wo cgﬁtlm’ aths, a céorjléltneec ?o%éfromﬁgg?fl%o to user
102 i S GONPIEeL h%nstﬁmoagﬂpbeéaeﬁaﬁafe%feeﬁwhfopreﬂes“&ntlagr AR this
i s acconpl i shed over broadband ATM connections, but w thout the need
for an ATM switch or_the caII- ' I Ss-

connect. The nuxes aHeR%eE OF ohHEe RE + BHect ons sel ect ed

by the signaling prm:emﬂbmgart}ae qﬁnl'ésél)t Ciahwbe:luaismzs, e tse:gmal i ng

nakes, t hes th
Par T onband M TER TESREEPotBLn A s E8dy ETSRICAOAT. (ool ar
f eat ur ed0t aldsiicred| to obtain a veriﬂdedmt;g@omgmpergﬁpy‘e@neFmrowband
SuiLeh 1as SampIer HhLNbPeBl e Thidhe iBRCHTCHATME 111008 AUt iiANS POT T

I s avail abl'e e {ocafi his swmtch is“relatively independent. Any
switch in a V@]%fleﬁ@l@ﬂéoél’étﬁg Genperatyrec o3 any n@h‘étmlsystem

provi des thg-Lonnecibgiiting the acctragle Qiéasureﬁ@hlﬁt dfo the switch, and
fromthe switch to thé dest natlgﬂﬁ %\? ns rtl_arrowband scvmtches
can be “RMRLIGUFEseFUGR PBal ARG éﬁnlé % MRLR A r S i t ch
coul d aliSo dkasskepowetr generatiocw and pertp‘lophley\llqa@t dgduistgiese signal i ng

glr oceﬁls&rG %ﬂ:ﬁgt pREskht invention may be utilized to provide THE

a verified true system temperature for any type of engine

or power generation source presently utilized. It is to
be understood that the present invention may be utilized

20 to measure temperature over all temperature ranges from
the cryogenic region to extremely high temperatures.

The term “impedaﬂce elemeht," as used herein,
shall mean any type of impedance based thermometry
device, including resistance thermometry devices,

25 inductance thermometry devices, capacitance thermometry
devices, semiconductor devices, and crystal devices.

The term “temperature-dependent element," as used
herein, shall mean any type of sensor element which
exhibits a characteristic and measurable change in one or

30 more physical properties in response to a change in
temperature. Such sensor elements may include: (1) any
device exhibiting a characteristic change in voltage orx
impedance in response to a temperature change, including
.impedance elements; and (2) thermoelements and



The signaling processor would typically be separate fromthe nuxes, but

those skilled in the art appreci ate that they could be housed toget her
and coupl ed VMO&8MB8067ar r angenent i nstead of being coupl ed REATGSAIAus370r
signaling link. The signaling processor may .support a single nmux or a N
plurality of muxes. The signaling processor is conprised of hardware \
and software. Those skilled in the art aré&vare of vari ous hardware '

conponents whi ch can support the requirenments of the invention. One exanple
of VO 9sthepgmgcouples. Since the changes in response to

PCT/ US97/ 20697t emperature for each of these devices are well 6
such hardware is.the, FT- Spar?_rg rovi ded bé’eér nt egr at ed Mcr%!}ioducts P C.

The FT-Sparc cHaferatged: & SERTE R & i Ty st et YEEELRST age
requirenments coyl exbmindhgwitls charamteoniadt idw abase sof tware systemns.
Fig. 2 illugtrates an f e. Si | e r..b n rQcessor
whi ch suppofts the ﬁ%%ﬁ%#%eé&ﬁé@ % aggg ?ggw?ﬁggrﬁégn Po#gﬁ%&%835%¥ Ice.
As shown in FigIG2, lsi gnfunggipnededdockaiagran mf bt fuacifying bl ocks

composed of SSleiydl LEEALR SEASCEUXWERIRMANPAL JHUlnfONRPES Ol T 0CESSOT

246. These functipna ocks have interrelations that are 1 ndicated and
that are di scukRetu@esofensgy 110 couplesd vim cqunesting fable ahk#ite Ss7

sigEaILng<mm%méi§ar$ﬁéﬁtgkéebggehﬁagﬁ1244 em@hﬁﬁ%ﬁgﬁﬂﬁﬂéfﬁctroniﬁ§Sﬁﬂfs
with the es_over |i . _Connecti r ogessor changes net wor
rranagerrenﬂ)é a?‘?\f%‘?ﬁﬁ??éﬂ Qi ERR ra' na%%teﬁlgt@se t§3 nk 263.

software 120 and outputs data on display 122 indicating a

thermodynamic temperature of the system measured by
sensor 110 and a confidence level. .
A preferred embodiment of sensor 110 is
15 illustrated in Figure 2. Sensor 110 comprises protection
tube (PT) 210. Within PT 210 are spacer 212, multiwire
sensoxr 214, thermoelement insulator 216, and electrical
connector 218. _ .
PT 210 can be manufactured of any material capable
20 of withstanding the demands of the system in which sensor
110 is installed. A preferred embodiment of PT 210 is
made from stainless steel, although PT 210 could also be
any refractory material. _
Ceramic spacer 212 fits within PT 210 and holds
25 multiwire sensor 214 in the proper position.' The primary
purpose of spacer 212 is to insulate multiwire sensor 214
from other conductive elements in PT 210. Accordingly,
. spacer 212 can be made from any dielectric material. 1In
'addition, an important function of PT 210 and spacer 212
30 is to maintain multiwire sensor 214 in an isothermal
condition.
| Figure 3 shows a more detailed illustration of a -
preferred embodiment of multiwire sensor 214. Sensor 214
includes two distinct thermocouples 310, 312, each
35 comprised of two thermoelements 314,316,318,320.



SS7 interface 242 is operational to receive and transmt SS7 nessages. SS7
I nterface 242 I ncl udes Message Transfer Part (MIP) functionality for
MIP levels 1, 2 and 3. MIP | defines the physi cal and el ectri cal

requi renerVO9%®B06T sjgnaling link. MIP 2 sits on top of MIP RCEMSIIMSITt ai ns
reliable transport over a signaling link by nonitoring status and
performng error checks. Together, MIP 1-2 provide reliable transport
over an individual link. A device would %e'ed MIP 1-2 functionality for

each link it uses. MIP 3 sits on {Qq f MIP 2 an rovi des, mnessages to the
broper S gninERgoRLaments 31k 3R T ¥R InSSt 14 THRCCIPRIGSIMP 3
di rect s nespijewite,aphdrtmial@nrentd BL8VERd -327 reacieited atto the

signaling system. R.3 al h Nt | on_whi ch itors the
status of tﬁé’cg‘logr&na i ng%seygﬁ“en%é;;%?sgan atgaja%mo‘ir o%?a?%uﬂgg‘gu%@s to
restore sereoppestlteosjidashefs remparaiinre gependent jelEnent e326nd to | ayers
1-3 of t ' A 1@3@9@1 ' Qﬂ.ﬁi r,_q;Dl@ ém]gék | BRF) .

SS7 inteﬁa@gggggﬁ?:so ir‘i.%ltu es I%?tedgﬁga}%e ésle:rf\r/ﬁ:[gs S?ta EV\)Srk User
Part (| SUP)temperafinesignendenthiedaieph 33fci ude I1SUP tiners that generate
rel ease nmessage or pgchlenRéfmbelBREABCof cabtCtRezBEORplat @ | f B-1SUP

signaling is bei_ng use S7 interface 242 could al sp be ui pped with

B 1SUP capBRRRESSERTEd, PR, fo S idienmith & SISO 19PRIRASHE  SS7

i nterface 2ddtemikd .be Foonexampile] thermelenmemtureylcd ald ymavaf dabhred®S7
sof t war gg n age at: n am! SS7 :

i nterfagg s%?{)&a%edé'%?\??ggg B?Eel t aZ.Lr qﬁ%ﬁ%énﬁqﬂe}cé%%? %iy%m e, Cesek,
MeW | | i ans, MaR@oZRani dan thenpreferred embodigent nttde ddrermocouplasds | AM
nmessages fr@![fb:,' BK 228}l harRFARE XA FRGETHY siife materialsd Nt ephage 242

al so receives from connection processor, 246 and trgnsmts them over
link 261. S&9° %W&Tﬁa@tﬂé% ﬁndréé&'vc,llii?ostétﬁm&?e #1318 at ed
nfSSﬁges frﬁﬁtﬂ BDb,2@ke BaAUfalceReE B%h WHd same a&attﬁériéf(m.zgout ing | ?bel S
of thes ubsequent,,0ESSA re-tr L bt : r.Lipgn 1.. Exampl es
of these subseq%%%taﬁggé%g’g%m?lﬁ'é%uggi%%?éggg}gé‘gl’alf’g ﬁé?s&’d‘é?s(-ACM,
Answer Messwuldch( miWL, vary Rol dengtir ssuhchianRiEer, deperkbingisen Conpl et e

Messages (Rb{it ters. 1Nen Q¥d é%ﬁl & iRl diSnéhtDest i nation Poi nt
Code (DPC), an gni giarfaatmleng Poi nt Code ?%DC , © a Creuit ldentification

Code (Cl C),thRgmaesegentingdls frdsaild dxm magufaciamked v GROMEY™ pPC

i dent : fy thehetfbeleféntal 81¢ednde SP0aire pricferdld 16 indralfdec weegage. For
exanpl e

Y
suitable material, and need not be of the same material
as the other thermoelements 314,316,318,320. Of course,
the thermoelements 314,316,318,320,328 can be
manufactured of other materials. Thermoelements made

25 from materials such as.platinum/rhodium,
tungsten/rhenium, copper, iron, and constantan are well
known in the art and may be substituted.

In a preferred embodiment, temperature-dependent
element 326 is a resistive element. However, any

30 impedance element having well-known failure modes can be
substituted. Thus, temperature-dependent element 326
could be, for example, an inductor, capacitor, diode,
semiconductor device, or a crystal device.

Moreover, it is very important to note that FIGURE

35 3 only discloses one embodiment of multiwire sensor 214.



and have an OPC of B and DPC of A. Thé CiCidentifies the originating

circuit used on the call. The SLS is used to allow | oad sharing anong

t he si gnal i ngvd bgIbsd67 The fol |l owi ng di scussi on ref acxsv7AIGT |

and its associ ated enbodi nent. Wien subsequent call rel ated nessages —
are received by the SS7 interface of signaling processor 140, the OPC, DPC,
and/ or CIC may need to be altered. A medsage fromoriginating user 100

to selected switch 130 woul d have its DPC and CIC altered to reflect

t he new DPC anPo§kibiel altetnhdivehemtxdingnts gimtlude pnekebgire 140.

\F/)\g.l_?glsé‘;’?gg 697se_n_slors having one or more temperature-dependent elemenl'73

This i s becauseithincany3gfekpectiemmoaigmanic wirs\i14n 1803 s327c228 to

know t he act ughy Pr HeGE 1mp€?da§ﬂéé Elenhic HyEct inD £Rd. enﬁ:é@ﬁﬁ@ﬂ@ iR
originati ng user 100 fromswitch 130 woul d have its OPC |tered to

reflect theSDPhighiWelEiWArRaPEREON of b COnRErughed jwi se user 100
expects reSpOF@énperﬁEﬁiégdépEﬁﬂehhe egaénie:{ﬂ @Bé he;mm&cdﬁm@s t3eo cangi nal

| AM was sent . ?O I nt co sth o %#]a I\ﬂQ#r nal I\/l The CICis
also altered t e? %c?°?‘ﬂ§ Py é" 5} g3 2121 ’6‘6 This is
because user IfSmmapeguscthonDEOing Emnsl rﬁmatgzelemdm: thereDw&Jsmylaﬂ.so
connection 15 N¢ler l% cted
switch 130 V\oo?%é\%ee%gffﬁeba Eé%ﬁ%?erfggjiﬂéﬁﬁht ({}%ct e act:ﬁézzﬁj SOs used
by the recilfi esdditiene WuisiwéreTpengr i2ldnemHgb havem didifement o
switch 130 wougnher! 8f! BRbrhBR1BRACIEN WAL LA thihe Térﬁ»ﬁl G 'Fr@pRmges

fromswitch 130 to_user 102 woul d refl|ect, the DSO i n_ connection 151.
3. Such alternative embodiments are readily apparent and
clearly within the scope of the present invention.

In operation, each individual thermoelement

15 314,316,318,320,328 generates an electromotive force
(EMF)‘which correlates in a consistent manner with
temperature over a usable temperature range. Impedance
and/or voltage is measured by injecting a known current
into a first pair'of thermoelements and measuring the

20 voltage generated across a second péir. BEach pair can be
selected from any two thermoelements 314,316,318,320,328
not in the other pair. The measurements are taken in
both the "forward" and "reverse" directions and the
resulting measurements averaged to compensate for the

25 voltage and/or impedancé generated by the thermoelements

~ 314,316,318,320,328. Since the electrical
characteristics of the thermoelements 314,316,318,320,328
and temperature-dependent element 326 at particular
temperatures are well known, the temperature of the

30 system can be determined from the electrical signals
measured from multiwire sensor 214.

To measure temperature, one combination of
thermoelements is chosen to be a primary sensor while the
remaining thermoelements form a secondary sensor. For

35 example, thermocouple 310 can be selected as the primary



Referring back to Fig. 2, connection processor 246 is operational to
process incomng | AMs and sel ect connections. On calls into the network,
connection processor 246 selects a narrowband switch to process .t he call
and al so O®8M8P6The connections to this narrowband sw t ch. PUOTAIS®7/14537
connections are typically VPI/VCl -- DSO conmbinations. If the call is”
ext ended beyond the sel ected narrowband switch, connection processor 246
identifies the required call destinati od4m the | AM from the narrowband

swi t ch. Connection processor 246 al so selects the connections to this
dest i nat i onsengere whddge Meagrements taken fixom \whe \athex DSO

conbi nat i ONghermoelements é&&d'ww fé}ﬁ/%fﬁ%&i@'@é sSQf can

be transparent to the users. a_resul users_w sen si gnal i ng

to the nar rshsmeeémﬁéﬂéc@é@ b%}ﬁ)hef%rtherr&e%sdé}%tsww this SS7

si gnal i ng nenaagartnetdaﬂuafﬂ@ddfy tHee d&ﬁierbaiuﬁl X dtir g eatdPC) . Thus,
on calls nter net wor K, he d di cat es a narrowband swi tch

sel ected 91%%59 PESETES 5T *typically uses this DPC

to sel ect a nar r OWtR’ell:hmn.ng hto TRiguray2 bethérmsemementr enbabeteow Rals

sel ected Yal or 0 ection processor
246 may theﬁgc § #&egvgurreei% ttl?‘%é%r{e he s‘#gﬂ‘ted S ?ch .This m ght
i ncl ude thetheampaamentunmsa@@m ti® mmqwraﬁmcﬁmm tderamixe e | ng

| oad of theaf¥thed dib1bbeAeCapteadine. Sjﬁﬂéx‘iﬁbél%nféﬂiﬂefﬁsﬁﬁ% ot f21d

switch (iIPUIS hea V|I¥ oagde : ternate swtch ese ected
i addi (0 CoRnaLrE) EANBABRLesh 2ok SR BPLA TN & FASeRtag]

alternate sfibfca thekmoedemepite 314, .ﬁ_ss\mﬂac.rxzos,amct iBeeH MOImlua@rmnce or
bre sofect HamRESBRS FemMATeR o dect Hiiehdiatis, HEEWSRh S cd by the
Gircuit iderbefincelemenCodad Che) insides didbeterVRiff e isersmimect ed t hat
has been previousl *'i}{aoﬂg? Oéfélcéﬂ&'ﬁ 6Hﬁe8£8§.52£9“ S%ofnlggt e% fe ¢ gux

connected to the i ncomng DSO muUX Servin e se sWtch. A
DSO 15 951 cCReHPRARMERE. AASPIAATY 216 VTS HEf di S AARRSt veased on t he

sel ecti ons, prdhysnooNMareodn electrided ‘comvuhiidHtdldmed it dadhd 'cont rol

f t 244
0 scussed HERSRLERIRES3RA0 baREAAE ARt 378y o FLEEST (AT SAISTHOR, (1
send an | AN1® ¢tbenectdewiithatoomnectdmee cabde ArlcessdratdEer | | recei ve

this | AM a'@l&éf? ﬂpngggghgflﬁd%Q'gH Bée%%rdﬁﬁtdr@_"g é%%sure?f[}é%tfel ect the

appropri ate connectr ons estl natron AM | dentifies
t he DSO20r ;pdectronics 114.

Measurement electronics 114 is coupled to
connecting cable 112 and collects and conditions a data
signature produced by the sensor 110. The data signature
is comprised of electrical signals received from sensor

25 110. Measurement electronics 114 monitors sensor 110
using lead to lead measurements of impedance and voltage
measured across various combinations of leads using AC
and/or DC techniques. Such techniques are well known to
one of ordinary skill in the art. These measurements are

30 then correlated and analyzed to extract the necessary
data for temperature and sensor condition. In an
alternative embodiment, measurement electronics 114 may
be coupled to multiple sensors 110. Such a configuration
would require modifications readily apparent to one of

35 ordinary.skill in the art.



the selected switch to the nux. A VPI/VCI fromthat nmux to a destination
mux and a DSO fromthe destination nux to the destination are sel ected.
The sel ecti omep 98/@806hen i npl emented by the nuxes in r espons PCTAOFN43F|
messages from signaling processor 240. Connection processor 246 al so tracks

t he usage and status of connections and %onnection groups for the
connections under its span of control. al so recei ves network
managenent i nformation. WO 98/ 23065

PCT/ US97/ 20697 - Figure 4 is a functional block diagram showingg

In sone e”bodiﬂ@@ééreﬁeﬂeeenb%rmwaqm %&ﬁw&ﬁdlﬁa@owﬁons of the
dial ed nunber to ect the narro

and svmt For nar nd
. switch "A" mi dﬁ’ftlﬁéna‘é‘??ﬁ}}é'&m?& hice 1 éﬁm@é]ge’&?%afwg
"X', switch "Af16s Stleetredndl buf\ﬂem:huzq" arsl uzmalang aiy edigd ttak nBAADEW t ch
"B" coul be used Th ;4coul d al so be carried out using the area code
and exchang ? some enbodi nents, the dialed nunber may
correspond to a speC| MU}SetLO cspefdeesdubden senbz:olgpéupomputerswltscm

For exarrple thl gbggrt Fggtwo sﬁ%ﬁes &@kr@@rﬁ‘é‘iﬂ&ﬂé;ﬁé&&%ﬁd”g card

service offere m on 88" d "900" nunmbers are al so
used in this fpasses. t@@ﬁﬁeéﬂgﬁﬁls auhs uffier et MR 940t hese

ﬁn“n%g?efcg?nigg?ijé?t?fléw% tEﬁenli ﬁlrct:dd’h &3S i1 edﬂmdid rantrent Ihmt? SEhE6F' S
eferre 0 as e u | sim ion in
order to sélﬂecﬁl? heox 1%‘RF9€H‘°FO“}?I¥§H§?§¥ Vi dgd:‘gt’carf‘l X EQ

enbodi nents, thrlewsl sedekdiba ofutfedward caniresterdses eckading Qﬁesmsorer

i dentified innigg signaling. This information is found in the carrier
r

identificatio anet er
Filter and buffer 412 receives selected signals

from MUX 410. The filter performs antialiasing to

15 improve the noise performance of A/D converter 414. A
buffer amplifier provides a high input impedance'to
reduce the effect of the resistance of the MUX 410
switches. -

A/D converter 414 is a high resclution Sigma-Delta

20 A/D converter. A/D converter 414 converts the data
signature received from sensor 110 into one or more
digital values representing the data signature. These
digital values are then passed to computer 118 for

. further processing.

25 A preferred embodiment of A/D converter 414 is
comprised of primary and secondary A/D converters.
Signals from the primary sensor element bypass MUX 410
and filter and buffer 412 and, instead, are passed

_ directly from sensor 110 to the primary A/D converter.

30 The primary A/D converter continuously reads these
signals. The secondary A/D converter is connected to
sensor 110 via MUX 410 and can read the primary sensing
elements or any other sensing elements in any
combination. In addition, a temperature sensor can be



in the | AM Mux interface 244 accepts information from
connection processor 246 indicating the connections that are-to be nade
or disconnected. Mix interface 244 accepts this information and rovi des
cor r espor¥Dri§/8KTt r ol nmessages to the appropriate nuxes. NUQUFH$EF#§Ee"244
may al so receive acknow edgnents fromthe nuxes. As a result, signaling
processor 240 can provi de ATM header nformation to the nuxes for use in
configuring the headers of ATMcells so hat the ceIIs are routed to t he
desired destinatio Kl NG -

MLLTI PLEXERGRRected to the Fecondrry R %%\S%Fﬁ%’ﬁtth NH\ RW']&hat i s

sui tabl e fgunidtd o exdulanions oro beitmadaer muxes that support the

hrerface - 00, CRRBUERE S7a0EecRiARRe MBTAI Y QR By
315, DSO iAt/Br fcmmre‘m:' Mlm-adapt C@n\pu&m 118 (:mm)re{ﬁgratdrm aoC-3 interface

335. Corg # %iﬁ% Qﬁééﬁﬁfélm?ﬁbcégg1n signaling
processor yplcal ese messages 1 nc i nt er wor ki ng

aSS|gnnent§nﬂﬁaﬂc zww?% QRaﬁqﬁﬁ%ﬁmﬁﬁ@ﬂrﬁy(géM 836ndA§1§E%ﬂY 182s

i nfor mat i ofppies tp&' dadrfiedi dverion3thowever, is néE- ﬁesﬁtﬂcﬁedebﬁoﬁhaccept s
the OC-3 formaf, and

makes_t he conver t 310
accepts t h@8YSEiteGIHRe ffy R ¢ %@ e$§|bﬁ V%§iﬁpﬁé ?ﬂtQYface 310
can accept tbBS¥e foforordifdyy skikl f imetB85ant, f compabeexl2Bnakecubesct i on.

DS'1 in grfag%fﬁlS g%?péé o delf B§I%gqrg&tCgﬁdbg§ggkg§?ggedg§8¥g&s| on to

DSO. D |ﬁP can accept S from I nterface from an
ext ernal cEmmetticns . [IIDl#ﬂQ#E%@@'SQOEa@ﬁeéksllhénEEkﬁfBFH&Wlbﬁd provi des

an interfag 3s%ln ?’nat mélé@réraéﬁfféfécéﬁéniésomnabbamal b0 accept ATM
cells fron1 30 transmt themto the cross- connect .

AAL 330 co#ﬂﬁ@Q§?QﬂﬁrW¥$ cﬁﬂmﬁEﬁﬁEe 38bl ayer and a segmentation and
reassenbly (SAR) Flbﬁmrs AAL a3Fows chiparatildnaltrtar iaey dite tﬂmmmr

| nf or mads o tieReD BRAA TS AR TRVESK hoR- | ALRECap: 5384 FAFBRREE on abou
AALs is 118 reads the primary sensor. The digital signal is
converted from an impedance value into a primary
temperature value. This primary temperature value is"
displayed on display 122.

20 At step 512, computer 118 reads the remaining
sensor elements. The data signature is analyzed to
compute all impedances in the thexmoelements
314,316,318,320,328 as well as in temperature-dependent
element 326. The digital signal is converted from

25 impedance values into temperature values. Data that is
outside of predetermlned limits is discarded. In various
alternative embodiments, computer 118 may read data from
both the primary sensor and the remaining sensor elements
either by periodic sampling of the sensor elements or by

30 continuous monitoring of the sensor elements. Computer
118 may also read data'from several sensors at the same
time or from each sensor sequentially, depending on
specific system requirements.

At step 514, the data is placed in a data matrix.

35 The data is categorized as to which sensor element



provi ded by International Tel ecommunications Union (ITU) docunent 1.363. An
AAL for voice is also described in patent application serial nunber

08/ 395, 745, Wologdsgen February 28, 1995, entitled "Cell Pr ocecrusey/1lss37
Voi ce Transm ssion”, and hereby incorporated by reference into this -
application. AAL 330 obtains the virtual path identifier (VPI) and
virtual channel identifier (VC) for each ¥&Fl from control interface
300. AAL 330 al so obtains the identity of the DSO for each_call (or the.
DSCs for an geRgates) [Sachalalgue. t HEremoneachsdatum iaf plagedoAnbsheeen

the identifi ' ' ad i 3 bWO.R8/ 2aP ; :
PCT/US97/2068@a€§§ka@%ia#aéégﬂg ﬁ‘ﬁékégﬁﬁne YR8/ €3PEgory in wh:.ch9
virtual connetbeofatngkFefidefents that the assignments have been

ST o Sie 8 e mamar e e
S W it rate that are,a nuttiple it/sec are, known

as Nx64 cal sgr?? Bg§i55£59§ﬁ9§iﬁ)%ﬁw£%% g%ﬁ%b?%t5+xacc§g?iﬁﬁfégﬁFFGPn
messages t hr ovgbetenceolis a dinighd doempéfatoere \kélluealtbed to verify As
di scussed abo - dl.es. | s_l e si.ie.dl jon --
from CC- 3 int%ﬁ?a%ggeggﬁfgg%ﬁ%q%%bé%%éﬁ%%c%#@%%?'Tﬁ?ggtééf%g%éggé?d have
been convert edeferefivebmustotingludex dakh rfoomdat least dchgeg3differant
Cross-.connect he 'ggﬂg} | t ' f ,| | provide
AAL 330 V\?%g{?ﬁ%'agggg ment _a:)é:é(% %%%%%%tie%%ﬁ\s/% ﬁlt?gs%‘g%l?s\%l ected
out bound 380 diBeingk RKeMPer@hiEe-dependpninTeiements vy t Fhe eakibratign
VPI/VCl in theefelbnbeatRis: b EdredI hidtimanteprbytaesetat Paiitre

el ect ed out bousd BRQCRNNES' ierbdiF EALS: [ O PACEESELAG AT LNETS T
type of sensing element should not have a similar effect
on a separate sensor type. For example, impedance

15 devices and thermoelement devices are, in general,
degraded by different mechanisms and at different rates
in response to hostile service conditions. Therefore,
the calibration reference can detect and account for

- failing parts of sensor 110. "

20 : At step 518, computer 118 compares the calibration
reference temperature with the primary sensor
temperature. Then, computer 118 determines the level of
agreement of the temperatures. This level of agreement
represents a confidence level that the sensor is

25 operating correctly. The confidence level is displayed
on display 122. Data from both the primary sensor and
the remaining sensor elements may also be stored in the
data matrix and subsequently compared to more recently
acquired data to allow monitoring of sensor aging and

30 integrity, as well as alarm conditions.

As previously discussed, the primary sensor and
the remaining sensor elements must be maintained in an
isothermal condition. Maintaining an isothermal

- condition is necessary to allow calibration of the
35 primary sensor against the remaining sensor elements.



application serial nunber 08/653,852, filed on May 28,1996, entitled’ ’

"Tel ecommuni cations Systemwth a Connection Processing Systeni, and
hereby incorporated by reference into this application. DSO
connect i orwo®s@8ds7- di recti onal and ATM connections are typi cm:'l'lvswlusn
uni-directional. As a result, two virtual connections in opposing ~
directions wll typically be requi red for each DSO. As di scussed, this
can be acconplished provisioning the crobs=connect with conpanion VPI/Vd s
in the opposite direction as the original VPI/VOs. On each call, the

muxes woul dme-ec@m:fecguﬁmallar. an@m%ﬁarr’emlyouﬁm&the ptrdBcul ar

conpani on V i o . n ‘o
mat ch t he b|E | rect | onéEfE/DSO on the %-g&&ﬂ:@ﬁéénﬁ/ élément ?Jﬁlg hh&

Wt
under st andi d§nstions #2d ANt F2hiR%e dintaieed iR ?Peﬂs?ﬁh?ﬁ'@a&rt will

appreci ate E:%Hltloﬁltgrmem lrme@tdafmsniipv@ntbnelai—egwahndn of high.
speed broadband trans qr.t vmth st ens con#j&uwé 312 %gfarrovvoand
f i

process d2PerecdteyF it (eh %c?:'é?}eﬁ fn narrowband
swi t ches, tkentainedarditdnch tPRIEHO) tmaypekperignce arbesperabureo the

users and t [ o fpgﬂ ured to interact
with narro an@q%ntt )éhéésf r%f)reo&gééh ‘2 roa %%e’"a%?‘g %%grt i s acconpl i shed
economi cal |y and ef Itcientpybsi EMsGherhandexstiond Bihadd ih e matayve

‘Those skillg &R "t id BROSERt AlviRBloN Ankp! LABS the specific
enmbodi nents di sc osef1 above are. cont e%gl a?e ? 'ln%%g%] i on. The

i nvent i oD s kSMPeYRRURR-Jependene £lement %6v€elng Eﬁbﬁﬁ?ﬁﬁﬁ sIHAR shoul d
be neasur ed jbthizen0l |4 ShshiP with junctions 322 aR 324, CbAEMS

not being physically connected to thermocouples 310 and
312 at junctions 322 and 324. As long as
temperature-dependent element 326 is thermally coupled to
15 thermocouples 310 and 312 by PT 210 and spacer 212,-sucﬁ
an embodiment could provide the necessary data to
generate a primary sensor temperature and a calibration
reference. o
In the event that sensor 110 has failed, that is,
20 the confidence level is below a predetermined limit,
sensor 110 can be "rearranged." That is, the primary
sensor selection and data matrix can be changed to
measure temperature from different parts of sensor 110.
Accordingly, this option restores SVTS 100 to full
25 operation and again provides a verified temperature
output. The rearranging step allows for what is, in
effect, a recalibration of the sensor insitu. If sensor
110 degrades to the point where it cannot obtain a
verified temperature, SVTS 100 will notify the operator
30 accordingly.

Although the present invention and its advantages
have been described in detail, it should be understood
that various changes, substltutlons and alterations can
be made herein without departing from the spirit and

35 scope of the invention as defined by the appended claims.



1. A nmethod for operatifng—a conmumnications +k—(104) to handle a cal

conprised of a first signali nd (NS SHEETH grmuni cati ons,
t he - Mekbeds/AeuER! | gil%s Slek3fls BEA R dar eqei vi nngm\?gPE?NE | TEUS9704537
nmessage into a signali né]ﬂ'ﬂ”ﬂﬂHM stem (14077 in a -

signal i ng processing sy g the first signaling nessage to

select a virtual identifier and a connect=i 1% generating and

transmtting a first control nessage fromthe signaling processi ng

systemidentifying the virtual |@BAT{IS8 CLAIMED IS: generating and

transmitting a second, contx oL fPs5age sliaR tRfpetird Gekbor processi ng
I on,

systemidentifying the’ connec generating and transmtting

a secpnd_signabmpgisésgage fromthe signaling processi ng system
identifying the connegtigfiperature-depent@ael “lathente Havitig COHi¥Et r@edage
and t he narrowband user cohmuni cati ons into a first intetworking

mul tipl exerS (ang) a ggcond end; iy the first interworking multiplexer,
converting the narrovwhapilrssethermocouplenicoupleds tionttheasfindtr eralis user

comruni cations with the virtyal,identifier t qﬂﬁgi 'ggat .
asynchronous user con%uﬁ?ﬁﬁ?ao#\geﬂgéﬁugﬁfei SoHRS |rts?{ contéréo"% difa;
nmessage,; and receiving the second control nessage and the

asynchronous user 20 . pRUPHGLFEhEARS chbled $eo@ab [ nterwor king
. Int Se

mul tipl exer (112, 114)5 cond |ntermorking mul_ti pl exer,
conver t i nglQt htempprabnesdiespgngent element between the first and

second ends.

2. The sensor of claim 1, further comprising:
a protection'tube surrounding the
temperature-dependent element, the first and second
15 thermocouples, and the thermoelement; and
a spacer element within the protection tube and
holding the temperature-dependent element, the first and
second thermocouples, and the thermcelement in a fixed

position.

20 3. The sensor of claim 1, wherein the
temperature-dependent element is an impedance device.

4. The sensor of claim 3, wherein the impedance
device is selected from the group consisting of: a
resistor, a capacitor, an inductor, a diode, a crystal,

25 and a semiconductor.

5. The sensor of claim 1, wherein the first and
second thermocouples each comprise:
a first thermoelement made from a first
temperature-dependent material; and '
30 a second thermoelement made from a second
temperature-dependent material, wherein the second

* c L L] s *



conmmuni cations into the narrowband user |CRHISSHEERtHARBEEM transnitti'ng the

nar r owband user comﬁ cet’he connepEpoiCHEPASed ¢n the second
cont rol nessage |V|ng—%he—ﬁafrcmband“user comuni cat i ons
fromt he wo9smsdeon a cond signaling nmessage i RECTYUSSHMSIOWhand

switch (130, 132); and in the narrowband swi tch, processing

t he narrowband user communi cati ons based on the second signaling
message. -20°

REPLACEMENT SHEET 2. The method of claim 1

further comempsinature- dependentgmabamalaglandltffaﬁgﬁtt thag &hehird
si gnal i ng BRI dipiR d \erd oiépuhasHt material.

6. The sensor of claim 5, wherein the first
thermoelement is made f£rom CHROMEL.

5 7. The sensor of claim 5, wherein the second
thermoelement is made from ALUMEL.

8. The sensor of claim 5, wherein the first and
second thermoelements are joined at a junction point and
the junction point is coupled to the

10 temperature-dependent element.

9. A sensor element in a self-verifying
temperature sensor, the sensor element comprising:
first means for measuring temperature hav1ng a
first fallure mode; and
15 second means for measuring temperature having a
second failure mode, wherein the second failure mode is
‘different than the first failure mode. '

10. The sensor element of claim 9, wherein the
first means comprises a first thermocouple.

20 : 11. The sensor element of claim 16, wherein the
first thermocouple comprises: '
a first temperature-dependent element made from a
first material; and
a second temperature-dependent element made from a
25 second material different than the first material.

'12. The sensor element of claim 11, wherein the
second means comprises a second thermocouple.

| B R



switch and transmitting the narrowband USﬁﬂ fromthe
nar r onband SW t ch; TlﬁsSheetHasBeenRW %@i&g gnal I'i ng message
I hp <

into the si gwebdsogop? oceimn ““ﬁ“ﬁw i gnal POLIUS9714537

proceSS|ng system proce si gnal i ng nessage to sel ect

not her virtual identifier eneratlng and transmtting a
th|rd ‘control nessage fronlthe signaling -4 = processing system
identifying the other virtual identifier; receiving the third
control nessage and tRh8- na?h@w§$ﬂ§QEu91Qmﬁﬁﬁuﬁ%a@l%%@ 1At owhereint ghe
second i nt er wydddif BHdFibERBple dBEmprises : In the second interworking

mul tipl exer, converting_the narrowband us éﬁ ni cati ons into other
asynchronous user confrufitE8Ei SRTPFTAFYTRT Hﬁﬂd%ﬁﬁt gment madgefrem a;

and transm ttifqggthenzidieiales yaedir onous user connunlcations based on in 15
the third control nessa hod I m 2 wherein
processing The third §|§ﬁ§??§gt55?§£§§q éa ?%& giemeggﬂ@eaeiFFagla
“identifier cospcbndsmaﬁan&aﬂrﬂpﬁfemsntnahanntbelﬁu:smdﬂHUEnﬁailhird

si gnal i ng nessage. 20 4. The nethod of claim 1l wherein processing the

first signaling nessa%e to select the _-
4. The sensor element of claim 13, further

' comprising a third means-for measuring temperature
connected between the first and second means for o
10 wmeasuring temperature, the third means having a third
failure mode, wherein the third failure mode is different
- than the first or second failure mode.

15. The sensor element of claim 14, wherein the

third means comprises:
15 a temperature-dependent element selected from the

group consisting of: a resistor, a capacitor, an
inductor, a diode, a crystal, and a semiconductor.

16. A self-verifying temperature sensor,

comprising:
20 primary sensor means for emlttlng primary signals;

secondary sensor means for emitting secondary

signals; and _
computer means for determining a verified

temperature from the primary and secondary signals.

25 17. The sensor of claim 16, wherein the primary
sensor means comprises a thermocouple.

18. The sensor of claim 17, wherein the
thermocouple comprises:
a first temperature dependent element made from a
30 first material; and

‘L) O A R



destinatjon point code in the’

vi rtual i denti fi er—cenmprises processi ng

first signaling . nes . 4 5. H#Sn&mmnﬁg afm | wherein
processing the fi7r Jhis gen & sage tfo sel ng;__dé)é BE vi rtual
|denp|f|éNQﬂWﬁﬂﬁseﬁu | Svirtua er_has ¢ dPOHUSHMSY ang
| oadi ng I nf or narr owband sw tch. 6. The net hod

of claim1 wherein the first signaling_ﬂfgsage and the second signaling 30
nessage are initial address nessages. 7. A

12
communi cat i ons systemegfl?g )gf or h%r#gllﬁi?ggre e f}}fg%?é‘ﬁé’?‘g 'ﬁ%%éif? m a

signal i ng mess&g8& T ONS,
comuni cat iselcorsy stererial differenngthan the firstametgxiklng processing:
system (140) configured to receive the first signaling 5 nessages process

the first signaling nessage to select a virtual identjfier and a _ °
19. The sensor of claim 16, wherein the secondary

sensor means comprises a first temperature-dependent
5 element.

20. The sensor of claim 19, wherein the first
temperature-dependent element is selected from the group
consisting of: a resistor, a capacitor, an inductor, a
diode, a crystal, and a semiconductor.

10 21. The sensor of claim 19, wherein the secondary
sensor means comprises: _ '
a thermocouple having second and third
temperature-dependent elements made from different .
materials and joined'at a junction point; and
15 - wherein the first temperature-dependent element
has a first end coupled ﬁo the junction point and a )

second end coupled to the primary sensor means.

22. The sensor of claim 21, wherein the secondary
means further comprises:
20 a thermoelement wire extending from a point on the
first temperature-dependent element between the
thermocouple and the primary sensor means.

23. The sensor of claim 16, wherein the computer
means comprises:
25 means for converting the primary signals into a
primary temperature value;
means for converting the secondary sigﬁals into a

calibration reference; and

A A



connecti on, generate and transmt a fiTst—contTHigl S.Hﬁfgsﬂg@ BEENNti fying the
vi rtual i-denti fi er ThiQsheg Had Ldansmt a REPpAGE[FoONtrgl nessage
i dentifying tWwe 98/08062Ct i ner at ' ePOVUS97/14537

Bee R |
signal i ng nessage identi T ! lmﬂﬂa Fct I on; a first -
ed to receive the first control 10

I nt erwor ki ng mul ti pl exer
nessage and t he narrowband user comruni catt &hs, convert the narrowband user

conmmuni cations into asynchronous user conmmuni cations with the virtual
i dentifier based meang £ar FPPPRYdAG rtdie REMMAIY tawRPeraturs (valuee

asynchronous Ugeth the CATIHYLBIdPNSéference to produseCandohfigeneeki ng
mul tiplexer (112, 114) configured to receive the second 15 control
message and thEa&B‘?nchronous user conmuni cations, convert the
asynchronous user comuni cations into the narrowband user conmunications,

based on the | secdl cobeoPeHEBE G St 23, Witiin WhERRGEY .,
(130, 132) &Somhegusefiurdhest ciomprisesecond signaling 20 nmessage and the

nar r owband user communj i e, s3I AR 5 e
nar r owband user cormu%%%%%aggggdh%%ﬁ%ﬁe@aggg%lﬁ gna‘ﬁ’% m::sssaenS(HJ '

e.
8. The comuni ¥Behokbesgondiidence Madue wherkelow a predetermingd Tevel..
narrowband switch is configured to generate and transmt a third signaling

25 message and transmit ;{;}? nar r owband user, comruni cati,ons; :
the signaling processi4ry s %n??&seb'nf’ifg&ié&‘-“c.33r'eé"$’ie\F€1Fhéﬂ{ehiWPuter :
si gnal i ng meaRsSfgerhpirocemprized i rd signaling nessage to sel ect

anot her vi rltoual | dent Ic{:il.selglafr\‘geans'for displaying the primary

temperature value and the confidence wvalue.

26. A sensor element in a self-verifying
temperature sensor, the sensor element comprising:
a first temperature-dependent element having a

15 first failure mode; ' '

a second temperature-dependent element having a
second failure mode; '

a third temperature-dependent element having a
third failure moae; and '

20 wherein the first, second, and third
temperature-dependent elements are electrically connected
and collectively produce a data signature defining a
verifiable temperature. '

27. The sensor element of claim 26, wherein the
25 first and second failure modes are different than the
third failure mode.

28. The sensor element of claim 27, wherein the
first and second temperature-dependent elements each
comprise:

* € L M s *



generate and transn1t a it a third control r control Ldentjfying the other virtual

i dentifier; eetHaSBeenR sec AHIS HEEW?\K‘ I tiplexer is
configured to recelve rol ﬂﬁﬁ%ﬂgﬁna e narrowband
user conmivO R08V6H S, r owbang—uset CRARIT/A48I7 | nt 0
ot her asynchronous us connunlcatlons w th the other V|rtual

identifier based on in the third control nessage, and transmt the other’
asynchr onous user communi cations: 24 - 13 9. The
communi cations system of claim8 wherein the signaling processing systemis
con figured to proée§§1§td§§ﬁﬁmﬂﬁ¥ﬁW§ﬂﬁrﬂ1¥§mﬁg|% fhest heempapiharnag

nmessage t o a3 ect t he. other V|rtual identifier. 10. The
comuni cati ons systen1of erelq:the sig@aJing 8r80essing systemis
secon ermo ement wire a Secon _ -

compogition, the first and second thermoelement wires
S joined at a junction point.

29. The sensor element of claim 28, wherein the
thlrd temperature-dependent element is an impedance
device coupled to the respective junction points of the
first and second temperature-dependent elements. '

10 30. The sensor element of claim 29, wherein the
impedance device is selected from the group consisting
of: a resistor, a capacitor, an inductor, a diode, a
crystal, and a semiconductor.

31. The sensor element of claim 26, further

1S comprising: '

a fourth temperaturé—dependent element
electrically connected to the third temperature-dependent
element and having a fourth failure mode, wherein the
fourth temperature-dependent element also produces the

20 data signature.

32. A method of measuring a system temperature
utilizing a self-verifying temperature sensor, the method
'comprising the steps of: '

obtaining a primary data signature
25 from a primary sensor;
obtaining a secondary data signature
from a secondary sensor; |
determining a primary system
temperature from the primary data
30 signature;

) T ) A AR



conflgured to process a destination point e first signaling
nessage to sel ect Mth&mnRﬁmdl f iTHIS SHEE PHASIHepyThe communi cati ons

system of clvyyigoshssdrer € g proceRfiPpgcsystem) s PCT/USI14537
configured to process a

ng I ni or metrew—~ek-Lihe narr owband

switch to select the V|rtu |dent| ler. 12. The conmuni cations-
systemof claim?7 wherein the first signat2fg nessage and 15 the second
signaling nessage are initial address nessages. 13. A

t el ecommuni cati ons si gnal i dgtprodasisin@ syastHrrdion referesceaqg:
a first interface meapg. QZQEL %%%&Hﬁg%?{éﬁ?éigié&%t&*gna%hag nmessage and
a secon

transmtting a second SiIgnal i’ ng ness I nterface neans
(244) for transmtting a freEpagdmg & Qnﬂ%%@ﬂ#YﬂﬁY%Fem second contro

nessage; and tamaéeaea%bn&d‘r&a{& dBrd o PELESeAGet he Ti T st
si-gnal i ng nessage to se identifier and a connection to

|
a narrowbantl sw tch, FBroagﬁéPaﬁ M§QHé;$J (gystem temperatiréessage

identifying the ylrtual identifier, for generating the second control 25
ressage 1 dent 110, 145, COMEChBRod i (6o ARE] X ATALALE Seagndohgnal i no
processi ng syshemstiepclafi:m 13 wher ei n: _
determining a degradation level of
the self-verifying temperature sensor from
10 ' the primary data signature and the
| sebondary data signature.

_ 34. The method of claim 33, further comprising
the step of: .
| recalibrating the'self-verifying
15 temperature sensor to compensate for the
degradation level.

35. The method of claim 32, wherein the step of
obtaining a secondary data signature comprises the step
of: .

20 selecting éignals generated by a plurality of
secondary Ssensors.

36. The method of claim 34, wherein the
recalibrating step comprises the steps of:
selecting a new primary sensor; and
25 selecting a new secondary sensor.

'37. A self-verifying temperature sensor,
comprising: '
a temperature-dependent element; and
a first thermocouple, comprising:

) ) A A



the first interface neans |s for rece| |ng message;’ 30
t he second i nterfacdhi é;&?égﬁ cbntrol nessage; and
t he processing neans | | |n the tﬁ gnalihg nessage to

fler

sel ect ~WO9SHBAST her and for generating PEHUSITIASET

control nessage identifying the other virtual identifier.
14 15. The signaling processing systemof claim 14 wherein the
processi ng nmeans is further for b¥ ctessing a destination poi nt code

in the third signaling nessage_t.o sel ec the ot vi rtual
identifier. 5 16. The si gngll 3 ﬁ?’@&@?ﬁ]ﬁ)“ %f £xqm; 3, §5%ker ei n
the procesgemperature-glependeritirmaeerial ; pandeSS|ng a destination point
code in the first signaling Qeﬁggg%&uiﬁggﬁ%element made from a
second temperature-dependent material and joined with the .
5§ first thermoelement at a first junction;
a second thermocouple, comprising:
a third thermoelement made from the
first temperature-dependent material; and |
a fourth thermoelement made f£rom the
10 second temperature-dependent material and joined with the
~ third thefmoelement at, a second junction; '

a protection tube encasing the
temperature-dependent element and the first and second
junctions, the protection tube maintaining the

15 temperature-dependent element and the first and second
junctions in an isothermal relationship;

measurement electronics coupled to the
temperature-dependent element, the first thermocouple,
and the second thermocouple, the measurement electronics

20 obtaining a data signature therefrom; and

a computer coupled to the measurement
electronics and receiving the data signature therefrom,
the computer converting the data signature into a
temperature value and a confidence value.

25 38. The sensor of claim 37, wherein the data
'signature comprises:
'~ a primary data signature indicating
the temperature value; and
a secondary data signature indicating the
30 confidence value.

39. The sensor of claim 38, wherein the
measurement electronics further comprise:

* [ L M b * )



the virtual identifi erThlsSheetHaslieZnR @ed5| g iy kystem of claim
13 wherein the proce55|1 ?ﬂgyigggzgggce35| g access and

| oadi ng i nf cwo®B080§7f Or POT/USHTALSAT

i dentifier. 18 roceSS|ng system of claim13 wherein
the first signaling nessage and t he second signaling nessage are )
I nitial address nessages. -27-

a primary A/D converter receiving the primary
data signature and outputting a digital'primary signal to
the computer; o

a MUX receiving the secondary data sighature-

5 and outputting selected signals therefrom, and

a secondary A/D converter receiving the
selected signals from the MUX and outputting a digital
secondary signal to the computer.

40. The self-verifying temperature sensor of
10 claim 37, wherein the témperature-dependent element is
selected from the group consisting of: a resistor, a
capacitor, an inductor, a diode, a crystal, and a
semiconductor.

N



