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AUTO CORRECTI NG - TEMPERATURE TRANSM TTER W TH RESI STANCE
BASED SENSOR BACKGROUND OF THE | NVENTION

The present inveotesrre el ates to transnmitters 5 of the typ@CE8SE¥/A3667t he
process control industry. iMre specifically, the invention relatés to
di agnostics for process ‘control transmtters which include a

resi stance based tenperature sensor. ~-1- Process control
transmtters are used to 10 nonitor process variables in industrial
processes. For AUTRP SORRECTENGt (EEMRERATURE (DRANSMETTER ¢ and

transmt such information b @ﬁrm)re some
transmtters are capabl e of aﬁé#}g ﬁf‘-'%ggﬂk‘f‘ﬁ gé(ﬁﬁ?oﬁ% ion directly.
In order to nonitor a 15 pr ocesgAgmgcmmneopt ngtIWMer nmust i nclude a

sensor, for exanple, an D which iI.S_a_resistan b .
t enper ature sensor. e pr eggn? H@Vﬁ?ﬁlg& eala%%segégc%ansmltgers ed

to harsh en¥ir (mflthaitYRmm@leﬂl bmghe progessreant industyy seH@“é?

tends to degrade. e'cif@9§§1)|[9| & HeO i APORENSR R 1ates f:@rdiabjrﬁas(iagéaﬂai-l on
by periodically recal | brati gré

transmt ical Ly, .th
requires an operat oP{§ess © t'ﬁ’togr LRS- o Salf 151ér:'1’5¥1§1d SB'I;a?PS%
process on- Si tesed theperatnsm seasoxrThis is both inconvenient and 25
time consuming for the operappicess EYAERST . trhhsmifters adef hidad tb0

determ ne the condltlon of a sensor, prior
10 monitor process variables in industrial processes. For

example, a transmitter might monitor temperature and
transmit such information back to a control zroom.
Furthermore, some transmitters are capable of performing
the control function directly. 1In order to monitor a

15 process variable, the transmitter must include a sensor,
for example, an RTD which is a resistance based
temperature sensor.

As the RTD sensor ages or is subjected to

harsh environmental conditions, the accuracy of the

20 gsensor tends to dégrade. It is possible to compensate

for this degradation by periodically recalibrating the

transmitter. Typically, this requires an operator to

enter the field and perform a calibration process on-

_ site on the transmitter. This is both inconvenient and

25 time consuming for the operator. Further, it is

| difficult to determine the condition of a sensor, priox
to.its ultimate failure.

It is also necessary for the sensors to be
perlodlcally replaced as they age. However, it is
.'3_0 difficult to determine precisely when a replacement is
necessary. Therefore, sensors are typically replaced

‘»3 -, well before their failure or, in some cases, they may
. 5. fail unexpectedly.



toits ultimate failure. It is also necessary for the.

sensors to be periodically replaced as they age. However, it is 30
difficult to deternmi ne precisely when a replacenent is necessary.
Theref ore, sens¥@&/237% typical ly repl aced wel | before _t*?@i"r‘59?’?1316¥7qre
or; in sonme cases, they may fail unexpectedly- T
-2- SUVMARY OF THE | NVENTI ON A
transmitter in a process control system ~2fncludes a resistance-based
sensor sensing a process vari n vi-di.n ensor output. Self
heating 5 <circuitry coupled to tte beﬁé%%&%ugggme” heat i ng

signal related to the sehssransmithex oip te- Brgress contyphyEVSFER

circuitry coupl ed tgdR@eseRS Hesdtt Rie-bascll @¢hdes BefkUhdi zeproeassr
output, and transmitter |

oyt put di.agnostic correction ¢ Lcuktry.provides
an auto 10 correct‘@d“@ﬁ’tlﬁuf“nésgﬁmf’t% 8n 56P°the”% “ft‘hege:i%ghtea %{?gnal
out put or in anbdt herireniddiynesupledheot thnsensoerprovidegt puastfaheatingal
life estimate of the S6ASOLeBStdd to fHASt I QLR . the gRifoqadtdgitadex. A

novel net.hod of cal cul,ating, the self he%t |dng | n% X is also di Egl %s\led,
15 for use in the Wﬁﬁﬁof’n\/g’rﬁq“&ﬁ?y coupled “to  thgny PFIIPSCRMPFION OF
THE DRAW NGS provides & glgitikedhmmsarprutpss, cengdr dlransaisher

output diagnostic correction circuitry provides an auto
10 corrected output as a function of the self heating
signal output or in another embodiment, the transmitter
outputs a residual life estimate of the sensor as a
function of the self heating index. A novel method of
calculating the self heating index is alsc disclosed,
-1'5 for use in the present invention.
- BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a process control system

including a transmitter in accordance with the present

invention.

" g0 ' Figure 2 is a block diagram of a transmitter
"°  of the present invention.

Figure 3 is a simplified block diagram of a
transmitter in accordance with one embodiment of the
invention.

25 Figure 4 is a simplified block diagram in
' accordance with an embodiment of the present invention.
DETAITLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a diagram of process control

system 2 including field mounted temperature transmitter

30 40 and a valve controller 12 coupled electrically to
""" control room 4 over a two wire process control loops 6
and 14, respectively. Transmitter 40, mounted on a
manifold and connected to the pipe via a manifold,
monitors the temperature of process fluid in process



including a transmtter in accordance with the present i nvention. 20

Figure 2 is a block diagramof a transmtter of the present invention.
Figure 3 is a sinplified block diagramof a transmtter {in accordance
wi th one enbodi wore23316 t he - i nvention. 25 Fi guroa/ubysy/seer
sinmplified block diagramin accordance with an enbodi nrent of the --
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
Figure 1 is a diagram of process control -3- system 2 including field

nmounted tenperature transmtter 30 40 and a valve controller 12 coupled
electrically to pipdogt A8l r Howedeny crhen pnesentr énpenches appiﬁleel tboops 6

and 14, respectivelaby rés2Beahdd %as‘g?i p%HQé@dvma%lehmeasHPéHJ & duend

connected to the pipé vi a_a matan old b nonitors e tenperature of
process fluid in pPScefs resistance ased pressure measurement or _g.

pi pi ng 18. However reshetpnesertbasetept omeapmtéremnti.0  TranswittexeSikst ance
based process vari %@aﬁsmegw&%tw&mnfommaﬁ A?o @Lé&f@%smbf%%

pressure neasur ene Sl stance neasur ene

Transmitter 40 °Pr éng’}ﬁ g t ihe ?‘Fﬁ’fﬂ%tﬁléwlﬁs elrauad leepm 4
over | oop 6 6by Eontexdnpley the curremitt £ibwihdtHrvugHIhod® B may

be controlled between 4 and 20 mA and properly
calibrated to indicate temperature. Additionally or in
10 the alternative, transmitter 40 may transmit digital
information related to temperature over loop 6 to
control room 4 such as in a HART® or an all digital
protocol such as Fieldbus. Transmitter 40 includes
circuitry described herein in more detail which provides
~15 advanced diagnostics related to temperature sensor

' operation.
One aspect of the present invention includes
a recognition of a close -correlation, in some cases
linear relationship, of the SH' index to the "alpha"
20 and/or R, of the sensor. As is known, alpha and/or R,
of a sensor is related to sensor calibration and
therefore to sensor lifetime. Accordingly, if the SH
index is measured, the lifetime of the sensor can be
estimated. Furthermore, the sensor output can be
25 corrected in real-time as a function of the amount of
degradation (e.g., the difference between a preselected
value of the SH index and the true current value of the
SH . index) . This provides an autocorrection to the

- _transmitter output.

- .30 L - One aspect of the invention includes a new
e ‘technlque for determining the self heating (SH) index of
£z innpe, 80 RID sensor. Typically, prior art self heating index
e ;.. Measurement was performed by monitoring temperature
change in the RTD due to an applied current. However,



6. For exanple, the current flow ng through | oop 6 may be controlled
between 4 and 20 mA and properly calibrated to i-ndicate tenperature.
Additionally or in 10 the alternative, transmtter 40 may ]

digital VR8I i on rel ated to tenperature over | oop E&@Qﬁ%&".
control room 4 such as in @ HARTO or an all digital prot ocol such as
Fi el dbus. Transmtter 40 includes circuitry described herein in
nore detail which provides 15 advanced '(fi'agnost ics related to

tenperature sensor rarion. .. . ; 23peh,chf ot he
ARy ﬁdggaggrgl&er it is impractical tﬂ %B} cn a '~

present invention i a‘recogni tion OC} a clgse correlation, in
SONMe cases | i neamerehrgnents g, tofpawer SimitRfcbonsy 3PAethe PRLELSSItY)(

and/ or ‘'R of the sepgory se‘is%ria&ekrt@\hﬁeréiiﬂ@ dideenEnt . - The Qbrasesnsor
is related to sensor, caljbratjo nd . _._theref 4] | ne.
Accordingly, if the?8gention ”’fcﬁ'& s efiniag &g F%ggl%l?aefﬁgiolorfdét%%gsensor

can be esi i mkhedchandriritheremsee, resirtaiess §Proat pliveR sfhange 5

corrected in real -tifR gowér fugald @ @he! REp adEHERE . Of This tecKepnadals on
(e.g., the difference sel ec of the.
S

etween _a pr ted val u | ndex
and the true currentpr\?gFﬁ 1 PR %empera%ﬁel ﬁﬁ%"}(sjufl\{-’%efﬁ)?ecaprsc?v% gsée%n
autocorrection to thet require thaskTD tter beutgluibraged. Furthermorpe thpect
of the invention incldgsqie "EYs not rebBEADI EHE RION cdebar FbRbVEd theousel f
heating (SH) index of RID sensor. . Typically, 1’3{' %étar%a%egf ngiéa:geci ndex
measur enent waslfberfté’rem’é’a'%?sﬁtﬁﬁ‘ikbr%?ﬁ Fefper gt change 1 the
RTD due to an appl i edthonterthe Howevlste and cost of interrupting the
process. The self heating index can be calculated in a
transmitter by applying two different input currents,
for example, 5 mA and 15 mA. The resulting voltages
15 across the RTD are measured and the resistance of the
sensor is calculated at the two different currents using
.. the equation R = V/I. The power applied to the RTD is
.- s _ determined at the two different currents as P = I'V.
simrw - The self heating index is calculated in accordance with
2z 20 . equation 1:
AR

T -
SH. P,-B,

Eg. 1

The invention can be practiced in any of a
number of places in a process system control system. In
particular, the present invention as realized .in

25 software and a microprocessor, can reside in a central
controller or even a final control element 12 such as a
valve, motor or switch as shown in Figure 1.
Furthermore, modern digital protocols such as Fieldbus,
Profibus and others allow for the software which

" practices the present invention to be communicated

i ‘between elements in a process control system, and also



- 4- . in a transmtter it is inpractical to performsuch a

measurenment due to power limtations and the necessity of a separate
t enper at ure neasur enent . The present i nvention includes defining

t he sel f heati niOi00/@¥%6 as 5 the change in sensor resistarrREgASe¥23867gi ven
change in t he power ‘i nput to the RTD sensor. This technique is -~
preferable for a tenperature transmtter because it does not require
the RTD to be calibrated. Furthernore, the-5- t echni que does not

require the RTD to be rem)ved from 10 the process such that real-tine
data can be col | ectRipvide fox; precrss hariakif® tadbeostensged nier amst i ng

t he process.trimmsetér head itgn @éﬁtﬁ €8Nt FLGHkat ed | n a
transmitter by applying two ty ut wSHGESDES anpl e,
mA and 15 mA. The resulting g%ﬁﬁ%z Plrdaed Jeoﬂcl'[sheﬁger >s‘%ur"“ed and

t he resistance of twperatures@?gxﬂmltf,eca«tmoamwtad tich 8TPviepdxfaduaet
gurrents SSI ng ?] séﬁ@drﬁqmti&na&or&é(ﬂce vﬂ't@w. M@rp?&%ﬂteldlﬁxﬂeﬂﬂ%nm[) 'ds
etermned at the t | rent, curr se eat | ng i ndex
is calculated in ac%\gpﬁg‘ﬁggeﬁn {4f an‘%ﬁ%zft i B?F“Pnal ]P%‘P‘Fei} 4, curren

The invention can Feucactbeetuilnipkaxef 46, differenubdbrawgflifiizcedsi,n a
process system CONtHifh §¥&LLLBy hD convertePad ﬁlgl:%préé'@ss%rre_s:ﬁmcl'o@fcem lon

as realized in 25 RRLNEET kA T SLAPLSSE eput®Di LESI 854
10 Terminal block 44 includes terminals 1 through
5 for coupling to, for example, RTD temperature sensor
10. Sensor 10 can be either internal or external to

transmitter 40. Sensor 10 includes RTD sensor element
61 having a resistance R, which varies with changes in

15 - the ambient temperature. Leads 16 include four element
leads 62, 64, 66 and 68. Lead 62 is connected between
sensor element 61 and terminal 4, lead 64 is connected
between sensor element 61 and terminal 3, lead 66 is
connected between sensor element 61 and terminal 2, and

© 20 lead 68 is connected between sensor element 61 and

terminal 1.

Current source 45 is connected to terminal
block 44 and supplies a measurement current I¢ through
terminal 4, sensor element 61, terminal 1, reference

25 resistance Ry, pull-down resistance R, and ground
terminal 72. Sensor element 61 develops a voltage drop
across terminals 2 and 3 which is a function of the
resistance R, and thus the temperature of sensor element
61. Reference resistor Ry, is connected between

“ 30 - ‘terminal 1 and pull-down resistor R,.

FowaEn Multiplexer 46 is divided into two sections,
*an active multiplexer having an output connected to the
-‘:-'no'ﬂ‘-inverting input of differential amplifier 48 and a
““Teference multiplexer having an output connected to the



controller or even a final control element 12 such as a val ve,
notor or switch as.shown in Figure 1. Furthermore, nodern digita
protocol s such as Fleldbus Profibus and others allow for éhe
software whi cVOBR3T6i ces the present invention to be connﬂﬁ?@§5¥357
between el ements in a procéss control system and al so

provi de for process variables to be sensed in one transmtter and

then sent to the software. = gure 2 is a sinplified bl ock
di agram of a ur nsnitte pect e tenperature
5 sensor 10 in accorgéqn)%%%\n En%lﬁ@ r@gsen llé%\%%gggf qm&ﬁl JI'Pansrhimstter 40

i ncl'udes terninal HF@EW@FQS@GM é%tcontrolswul@epmerrréﬁt tol mydkyipdex

differential anpli Ep Sfoﬁl&ate setshbﬁhaﬁgﬁégr SN, CQﬁ&Eﬁ&ﬁ{g 5£ngna1s
m croprocessor 52 It 56_an - out

: ir 54, meqor
circuit 58. 10 £rof Eemﬁn r%aftl}fﬁ" SR A ¥Bﬁe§’°?e?’rr"i¥% ipg; ough
5 for coupling% o, irvereiaspl énPLR—’HD t@ﬁpeﬂ&ﬁﬁ#@@éﬁéor amplifieg. 4Sensor 10

can be either int emate@émﬁmearﬁ@hﬁl@r 48 has! A2 uFpLE ol cteanes a /A0
i ncl udes RTD sensor el ene 61 havi ng a resisfance Rlwhi ch vari es

with changes in nYﬁEteaJ?‘r‘é Osnt 1P e SRbTFEment o 8 VRt et

el enent I eadgnGQCCBn?CTﬁGOénd’i6&J.tsea4_;id63 iconyenrséchedabet mEeris
sensor el enment 61 %aﬁ‘piéé/’gél@ndﬂn AR GEArSe OB EI R rts the voltage

10 at the output of differential amplifier 48 into a

digital value and pr_ovides that value to microprocessor
52 for analysis or for communication over process

control loop 6 through imput-output circuit §8.
Input-output circuit 58, in a preferred
15 ewmbodiment, includes a HART® communication section, a
FIELDBUS communication section and a 4-20 mA analog loop
section for analog or bi-directional digital
»x .communicating over loop 6 according to a selected
a5 7% protocol in a known manner. Other protocols can also be
i.; 20 used, for example, a four-wire configuration may be
employed in which power is received from a separate
source. Loop 6 also provides power to the various
components of transmitter 40 through input-output
.circuit 58, Preferably, transmitter 40 is wholly

25 (completely) powered by the two-wire loop 6.

Memory 56 stores instructions and information
for microprocessor 52, which operates at a speed
- determined by clock circuit 60, Clock circuit 60
includes a real time clock and a precisi_on high speed
30 clock, which are also used to sequence the operation of
. .- . .A/D converter 50. Microprocessor 52 performs several
a-i+ - pfunctions, including control of multiplexer 46 and A/D
# ¢ - pjconverter 50, control of communications over loop 6,
Zi ot i temperature compensation, storage of transmitter



bet ween sensor elenent 61 and termnal 3, lead 66 is connect ed

bet ween sensor elenent 61 and termnal 2, and 20 Iead 68 i s connected

bet ween sensor el enent 61 and terminal 1. Current source 45
i's connected towbesmarTéal bl ock 44 and supplies a neasuPERREI/ZE667r ent
I[err] through term fdal 4, sensor elenent 61, termnal 1, referetice
25 resistance R err] pull-down resistance R2 and ground ter m nal

72. Sensor elenent 61 devel ops a voltage drop across termnals 2 and
3 which is a function of the resi stance Rl _and thus the tenperature
of sensor el enent ceafiguraldpsr eneaxamesiessor P{l‘érr]Pe’Tfé’%ﬁﬁectéﬂn%‘é’EV\een
30 terminal 1 and ag&éncckmm:srem stor Rlerr] Mul ti pl exer 46
is divided into two sectlons actlv Vi put
connected to the non |nver ﬁ%‘% put tlapg1 @gli{gg?g%B and
a reference mul t pghatdan h&Qi rPmPRteUtihe éemmtetrq 09f hRTD sensor
inverting inputg ofijeméhd f@ar:ential anplifier 48. M cr opr ocessor
52 controls nultiplexer 46 to nultlplex - appropriate sets of anal og
signal s, .including signalsgp _ Vi f(kom term nals 1 through 3g4 gt_‘g 5.?1? 2
non-inverting and 5 |nvertlvghfltf of differential on er
Differential anplifier 48 has an out put connected to AAD converter
50. In one enbodimepy . A D converter 50 has

R, = resistance of RTD sensor element 61;

Var = voltage drop across the RTD sensor
10 element 61;

Viger = voltage drop across resistance Rpg; and

Rpgenom = nominal resistance of the reference

‘resistance Ry, in Ohms, and/or stored in
memory 56.
15 - Microprocessor 52 measures the voltage drop
N Vy, across RTD sensor element 61 between terminals 2 and
** -3, and the voltage drop (Ve across reference
-t 27 - registance Ry with multiplexer 46. In a four-wire
2 ' resistance measurement such as the one shown in Figure
720 - 2, the voltage drop across the comnections to terminals
" 2 and 3 is largely eliminated, since substantially all
of the current I; flows between terminals 1 and 4, and
has little impact on the accuracy of the measurement.
_ Microprocessor 52 converts the measured resistance R,
25 . into temperature units with a look-up table or suitable
R equations stored in memory 30. For example, one such
equation is the Callender-Van Dusen equation which is:

S el )

30 R(t) = Resistance at temperature t, in Ohms.



an accuracy of 17 bits and a conversion rate of 14 sanpl es/ second.

A/ D converter 50 converts the vol tage 10 at the output of differential

?nrrrglrrof ier 48 i nooof‘2377% digital value and provides that vgl4fshéhress
processor 2 for analysis or for communi cation over process.

control loop 6 through input-output circuit 58.

| nput-output circuit 58, in a preferred 1o enbodinent, includes a HARTO

conmmruni cati on sect i on, a FI ELDBUS comuni cation section and a 4-20
mA anal og | oop &%%hbeancécut tedipak8gure @, ihi oBng ectional di gi tal
conmuni cat i ng over q]g Q__Iu rdi ng to,a sel ected protocol in a known
manner. O her prothoI tﬁ% &5 pesd %‘0 used, for exanple,. a four-wire

configuration may e 6, B = C@lﬂb@?éﬁoﬁlm%ﬁténtpovrer is received froma
separate SOgrcey £4:0Q206 gayse. pr ovi des power to the various
conponents of transmtter 4 through ut - out

Preferably, transnitter 40 3¥SKRSF| PO oth §t°r{a§ort+ﬁf%’t’%| yfgl%%ﬁ/erogdiby t he
two-wire loop 6. equation 2 must Iepoopesby stadridsated oy i past mdlar

i nformati on R&Qrtémgﬁerzfarmeeée%@oﬁ&m%heb %Qt%haéﬁ%.ﬁfatioﬁﬁ%i‘fhs
determ ned by clock circuit cui i.,ncl udes a real

time clock and a pF8ci® BﬂehPﬁﬁrsﬁé‘éﬁ as36£ecﬁﬁ)@ka W %S S Eed to
sequence t-he oper atirdfitof Caliptdr bmgvent RTHO reqvixesprROC e3STBIraER

performs severg frxﬂeyn&ﬂétef NE #chdifteC Y rc%télfn @'ﬂdﬂﬂie@‘e‘df 4602wk tA D

converter 50, control of conmuni_cations OVEI’ | 0 en'%er ature
conpensation,; - st&PBEEYALYTe VAINER; 1 Grder to ac c“ratElY etermine the
constants o« and 5. Equation 3 and transmitter

calibration are discussed in PRT Handbook Bulletin 1042,
_ dated February 1985, published by Rosemount and
15 incorporated by reference into this application.
The SH index is calculated when microprocessor
= . .52 actuates switch 138 to couple current source 140 to
.-~ sensor 61. P, and R, of equation 1 are calculated with
...~ current Iy from source 140 flowing through sensor 61.
;20" Microprocessor 52 determines P, and R, due to current Ig
from source 45, The SH index is calculated using
equation 1. If transmitter 40 is completely powered
from loop 6, the currents Ig and I are limited to the
current I in loop 6, less any current required to
25 operate circuitry in transmitter 40. .
Microprocessor 52 performs diagnostics related
to operation of transmitter 40 using the SH index. The
follpwihg describes a number of embodiments for
realizing the diagnostic circuitry in transmitter 40.
30 Such diagnostics include determining sensor health,
a performing a residual 1lifetime estimate may be
representative of an impending sensor failure, or
performing an autocorrection to the temperature
measurement .



-7- configuration par anet ers and perform ng sensor

di agnost I CS. . Mcroprocessor 52 enploys the foll ow ng
equation to conpute the tenperature of RTD sensor 5 elenent 61: lerr]
wher e: WRP&pRIT76 resi stance of RTD sensor el eEh{USE33667
Vlerr] = voltage drop across the RTD sensor 10

el enent 61; = vol tage drop across resistance R err]and’

Rl err] = nonminal resistance of the -%eference

resistance R err] in Chns, and/ stored in ,_renory 56
15 M cr opr ocessor %2° %E\Eurae?etcl’fe 061 (SR dGFent m‘(/f’é‘?’r%/n

across RTD sensor elirobndess tHeetuseenft hei sells Heamiohg index3to aoxredthe

voltage drop (M er;fuL £86 seﬁétufeefrﬁéaeémmentr%' et Rk Wl to

mul ti pl exer 46. In s stance neasurenent such as the

one shown in Figure r1§'€) 11’2 altﬂl?é \ﬂﬁh%@%}e G Bp: ackDdda REDc SRAELY | ¥FRS+1 0.

term nal s 52 afHe 3c¢xssdaaurtgel)yaephan ot etd/eirnRe Gikehaihi afbyt i

e current Lera] HOWRDELIRRD LELILOA hekeBYloduo B snaccuglfed | L1 | ©
e neasure C

i npact on the accurac essor converts
t he neasured resi staﬁcfé'l‘iQFéF‘P?rat% MEXFYF eSS at 1 Baﬁrﬁ’?aé‘ fi-EROEETRDK - up
table or suitable that effealel 0fs S Ok@HstantiRIlyY BineafOlre@daiphshipne

such equati on, 5,00 CRLI ehfer: AN Dysen eauaty,on pii el Syature

10 measurement caused by drift in alpha (@) and/or R,. The

temperature can be corrected using the equation:

Teorrected™ TneasuredX (ASHI) Eq. 4
where:
Trneasurea 18 the measured temperature;
15 K is a constant of proportionality which is a

function of the change in the self heating index; and
Teorrectea 18 the autocorrected temperature.

The relationship between K and the change in SHI may be

determined experimentally. Determination of K may be

 20 through an equatién or, in one preferred embodiment,

with a lookup table stored in memory 56 as a function of

change in SHI. Similarly, SHI, or change in SHI, can be

correlated to alpha (&) and R,, or changes in these

constants. Further, it is within the scope of the

25 present invention to correlate SHI or ASHI to other

constraints in Equation 3.

Figure 3 is a block diagram 150 illustrating

| the present invention as it relates to autocorrection of

e the temperature output as a function of the SH index.

30 Dlagram 150 shows operatlons which would typically be

perféi'med by microprocessor 52 in Figure 2. At block

. 152, the previous value of the self heating index (SHI,)

. w 1s obtalned for example, from memory 56. This value



[err] Were: 30 R(t) = Resistance at tenperature t, in Chns.

8- Rl err] = Resistance at tenperature 0, in Chns. t =

Tenper at ur e, de\g C- [err] = Calibration constants. [errl]lJ = 0 for
t>0 deg C. 5 WOWZ3T6 " iuever, both stored | ookup tabl es S /YHE?e7
equation 2 nust be properly calibrated for a particular RTD t enperature
sensor. Further, such calibration tends to change over tine as the

al pha ([err]) for the sensor drifts. "JC%ﬂibrating an RTD requires an

accurate 10 ther qogptel,J efeLenceotos OBLa, 8 DUTRGE 0 GOEEL v

tenperature values 11 order to0 accuratel y deternt ne constants
[err] and [err]. pPrevEgualy generatgddoy migwopregegsor 52 endeseamnivedar e
di scussed in PRT Haji@bsedrdiliwhehitthel @43nsmittexdRd€Edmpbcdabied Fdeven

publ i shed by Rosem)aq:nt'_:l ar}:ctiasé cti c&:{lgeor ULtregll b?g r ef ef ence itrila%s”:ﬂ?

appl i cati on. b 8 e EaPRUT AT 6T When /i cf'“o% Btessor
52 actuates sw Bch 4038 tAf dohgsike 1G4 itdet woueot v4bue oof the sE8Rséndex.

Plerr] and Rlerr] ofsmaguatd @Btéraifed My hiat6srddddior 52. CUry @bl Lhe&r]
from source 140 flgc\#en t hr ough ,sensor 61. tﬁgnMocro rgfeggo; 52 det erm nes

Plerr] and Rlerr] 088 r TnetS greater re maxlmum
allowable rate of change (m,,), decision block 158
provides an alarm output. In general, a value

10 representative of the difference between SHI, and SHI,
is assessed at block 156. A preferred method for this
differencing function is to calculate the slope over
time of the two SHI values. However, other methods of
assessing the amount of difference, some as simple as

15 comparing SHI, to a threshold value, can be implemented

ST ___’Without block 156. The output may be transmitted, for
k_ '_'.jéxa_ur.iple,' over loop 6 to indicate that the sensor has
m :dég'rédated to such an extent that failure is imminent
s’:; .'anc_l replacemeﬁt is necessary. Other types of
i‘?{%ﬁ:'-’fiiégr'xos'tics may also be performed such as those set

4

~forth in the parent application U.S. Serial No.
' _Q8/744,980, filed November 7, 1996. The value of myy is
stored in memory 56 and may be user configurable based
upén the accuracy desired for a particular process. The
25 alarming function at block 158 is optional, but
' preferred to the present invention.
. If the alarm condition does not exist, control
passes to decision block 160 in which the measured self
. . heating index (SHI,) is compared with the stored self
36 _l{g?ting index (SHI,). If they are approximately the
v Same, control is passed to block 162 and the temperature
is dc-;t'ermined. If, on the other hand, there is a

- LA

.’- TR
SRR e e L e

difference between the two values, a new value for the
£ 4~, H -\-.‘? - - LJ .

" ASHI in equation 4 is calculated by microprocessor 52 at

SRR S KON



from source 45. The SH index is cal cul ated using equation 1. |If
transmtter 40 is conpletely powered fromloop 6, the currents I[err],
and Is are limted to the current | in loop 6, |less any current
required to 2SWO Tt e circuitry in transmtter 40. PCT/US99/23667

M croprocessor 52 perfornsidi agnostics rel ated to operation of ~°
transmtter 40 using the SH index. The foll ow ng descri bes a nunber of .
enbodi ments for realizing the diagnostik-circuitry in transnitter 40.

30 Such di agnostics incl yde erm ning sensor heal th, rformng a
residual lifetime bc]é%ﬁ]? _H’étie %éﬁ Lﬁ’é' ex é‘t?rrésé’f'?f“ﬁﬁ‘%ec‘blf"% ke ng -
sensor failure, or technigeeBorcanndeanisad ooorematelanet GRINovittdnpesratat e

measur enent . calibration. Control is passed to 1ogk (162 and ?h? new
Anot her - aspect of t e present_invention I ncludes the use o he sel f

heating index to cofard for A5 (Fhpeauatice aﬂsﬁjr‘é?%t“fo RN IOG or s
due to drifs i rcenpgerat@ierr|Dheanew cralidecfsd .AsAY ibestdtads enammaages 5
the constant(s) al W:(e@la@@d‘:ﬂé & S(g,laygg i n equation 3) for the

sensor, changes thereby causin accuraci es in the tenperature
measurements. It has been di ?Eev‘é?’ékpus funeadoppeset | Soxtk i tBimurg 13y
| i near relationshi pnay bebpérferméd@efibredpeXmadpbddls icantel t@spiRiegt ur e

in the control room, in a computer located off-site or
10  in a combination of these locations. Generally, the
invention can be practiced in any of a number of places
in a process system control system. In particular, the
present invention as realized in software and a
microprocessor, can reside in a central controller or
15 even a final control element such as a valve, motor or
" switch as shown in PFigure 1. Furthermore, modern
“"digital protocols such as Fieldbus, Profibus and others
allow for the software which practices the present
invention to be communicated between elements in a
20 process control system, and also provide for process
variables to be sensed in one transmitter and then sent

to the software.
One embodiment of diagnostic circuitry in the
present invention uses empirical models or polynomial
25 curve-fitting which are functions of SH index. For
example, a polynomial which is a function of the SH
index is used for computing the residual lifetime
estimate. The constants and/or the equai:ions may be
sent over the two wire loop to transmitter 40. Another
30 - diagnostic circuit is implemented with a multi-layer
' neural network. Although a number of training
algorithms can be used to develop a neural network model
for different goals, one embodiment includes the known
Backpropagation Network (BPN) to develop meural network



10 neasurenent caused by drift in alpha ([err]) and/or R err] The
tenperature can be corrected using the equation: : T[err]

wher e: [err]is the neasuredtenperature 15 Kis
/23 US99/23667
a constant of p“r’ ?)oor.{ll-onal ity which is a function of thepccT ng I'n_the

sel f heating index; and i T[err] is the autocorrected
t enperat ure. The rel ati onshi p between %nd the change in SH my be
determ ned experimental ly. Determ nation of may be 20 through an

equation or, in onedJhAker wﬁﬂcﬁmq Bffeure thdl thﬁlﬁ%%lta%Qbﬁsﬁiﬁr ed in
menory 56 as a function of ge |n SHI arly, SRI, or change in

SHI, can be corEPgt 8d5¢o %Cﬂﬁg Eagnd i WTFB “or changes in these
constahts Further, it is anmnaeb&tnmtobftdnea%stppesMuxmﬁm onto

correlate SH or A%‘s"eég Qbbess if - €05 F @I Y !}eESHaé'éEhciusmn on

Figure 3 is a block diagram 150 1]l ustrating resent i1nvention as
it relates to adtoddis e%ﬁt&}ﬁ gf the tempenaiige éFBF@ro TtBuflas AbeufBtion
of the SH i ndex. SOLndamgjsamnh%reaoamd dper préeserst whilake wwuwahdameidcabl y be

performed by mcrom sgﬁdSZio{,,ggF' %ﬁfieét bl 9ﬁ5 J@%e thg?yr%kvgys

val ue of the self |ng I nd or exanpl e,
from menory 56. ngarigs are emplrlc y set by test:.ng of many RTD

sensors. A decision is made based upon the comparison.

10 In another aspect of the invention, the rate

of change (ROC) of the SH index is correlated with life

expectancy of sensor 61. The ROC of the SH index is

provided to the diagnostic circuitry implemented in

microprocessor 52 which provides an output indicative of

15 expected life, including a warning when the expected

remaining sensor life has dropped below a minimum value.

: Although the present invention has been

:.4. described with reference to preferred embodiments,

A . workers skilled in the art will recognize that changes

.,20:. may be made in form and detail without departing from
the spirit and scope of the invention.



-10 - - may have been stor ed in menory during- manuf act ur e,

previ ously generated by n‘icroprﬂ?ﬂﬂﬂﬂ"ﬂ},ﬂ” erm ned and stored when
the transm ttery B i ssi oned!® 4 Hm ']a presel ect eg) tinme during
operation of transmtter 5 40. Al btock F54*the current v CI&SEH>%¢e SH

i ndex (SHi[err]) is dét erm ned by microprocessor 52. If the rate =~
of change, mis greater than or equal to a_paxi num all owabl e rate of
change (nferr]), decision block 158 pr‘E‘Jél‘des an alarm output. In

general, a value yfht rePeaentpttye of the difference between SHi[err]
and SHi[err] IS assesseg at block 156, A preferred nmethod for this
differencing functitn is to Cal'TGPSFLtEee 1R oPePEOEESS contidale sifstiems two
SH val ues. Howevercompriesinget hods of assessi ng the. amount of

di fference, sonme as sinple a . [i SH 2 to a threshold yal ue, can
be i npl enent ed wi t hout blﬁoi%sf%%.gggﬁ'her%%‘&‘ﬁ? B TRy SBRSPT afERFERLd 2 for

- exanpl e, over loop 6 to indi catPXesfRfs vasiskhs anhazovidine @ auatsed t 0
such an extent that failure is insat@; and replacenent is

necessary. O her types |, 2 di_agnostics may al.sQ be perforned such
as those set forth in tﬁgiga]rqeearﬁmggﬁﬁf‘é‘éﬁﬁﬁ ‘}L/?.”@.le%éF?a f\Fensor

08/ 744,980, filed Novermber 7, 199Broviiddngapusebf hdadrinpy signal rediamedd in
memory 56 and may be user configueghl @eh@SBeating 4RRR LR E ARy desired
for a particul ar process. Thg §§ ~alarm ng, %tnction at ock 158 s
optional, but preferred®Pd THhe PPes8ifitdlentPByersion circuitry | ¢
the al arm condition does not existoumledt rtd the passes botpleci shdn thleock

160 in which the neasured self it | ngpddex-1HoH [ e : LS., compared
with the stored self 30 heat i ng:ei nd SHI%%@Q.E’ I ?l?lﬁ)eli'/tg)% TRda
approxi mately the same, contFOTVICE P Ha8 sF ' 3o ERNIBD WtPuthand

t enperature is determ ned. =al|digignzeesalthdredtdnd, sidmetle is a
- output circuitry coupled to a process control
E : loop for transmitting a signal related
' to sensor temperature; and
diagnostic circuitry coupled to the digitized

self heating signal responsively
"providing a diagnostic output related to
sensor calibration as a function of the
.digitized self heating signal.
2. The transmitter of claim 1 including a memory
storing a set of expected results related to the self
heating signal.

3. "" The transmitter of claim 1 wherein the
diagnostic circuitry comprises a neural network.
'"'4.  The transmitter of claim 1 wherein the
diagnostic circuitry comprises fuzzy logic.
UC#th B4 - The transmitter of claim 1 wherein the

“~diagnostic circuitry provides a residual lifetime
““estimate output:

6. - The transmitter of claim 5 wherein' the
diagnostic circuitry determines the residual lifetime



cquati on 4 is cal cal ZEeE“ﬁyVﬂJﬂﬂﬂﬂllﬁlﬂﬂﬂlWﬁ’llﬂe o tregern ol ock 164,

Further, other woaoe®sal ex curvé fttthing * technl ques canpBgusHBskst O

correl ate SHI wth sensor calibration. Control is passed to bl ock.162
and the new value for ASH in equation 4 is used in determining 5

tenperature. The new value for ASH is stored-in nmenory to replace the
previ ous val ue. The various functions set forth in Figure 3

may be perfornmed reestitate jas a puocedon cdhtnagle dévicbenge (RO tdfe tdent r ol

room in a conputergionatad abisShdf 9 é@gnain a conbination of these
| ocati ons. Generaj7l y t he | nventjion c?# Sﬁ gract iced in any of a
r

number of places in a probesErGEL. Bt etperein e isedtar

t he present i nveeating gdrceitiry ddcludeofd wareeatdsaurce antl cralfageessor ,
can reside in a cenﬁ,éggulga@hgoupéuﬁryl even a final control. el enent such
as a valve, notor as shown in FEigure 1. Fur t her nore,

nodern . digital 5rot ocol sTgEcﬁr%%s“ﬁtéleHb8§ chaini busherrin e $elf | ow
for the software \Ahhed!t:prgacb.rmestztmaepeeﬁmﬁs the SHNURR% a8 Aofdirction

communi cated bet weegs e gﬁ&ﬂ&é 39%1%%% &9&1} QQL Sysd & t?er n?g Chen

provi de for process, vari ab one YT ansm
sent in power applled to the sensor

9. . The transmitter of claim 8 wherein the SH
index is calculated as (R,-R,)/(P,-P,). :
10. The transmitter of claim 1 wherein the output
circuitry calibrates the sensor temperature signal in
response to the diagnostic output.
o 11, The transmitter of claim 1 wherein the
. calibration is a function of the self heating signal.
12. ~ The transmitter of claim 1 wherein the
. diagnostic output iz indicative of sensor life
. expectancy.

W b":::.’.,_ .1 .

g, 130 A method for diagnosing a resistance based
_temperature sensor in a process control transmitter,
comprising:
sensing .and digitizing resistance of the
sensor to provide a digitized sensor
output;

obtaining a self heating index (SHI) for the

sensor; |
providing a diagnostic output as a function

_ of the SHI.
14. The method of claim 13 wherein obtaining the
SHI comprises measurlng change in sensor resistance in
response to a change in power applied to the sensor.



to the. software. iagnostic circuitry in
t he present invention uses en‘ﬁ l 'I l“ poI ynom al 25
curve-fitting which are functions exanple, a

pol ynom al whi ¥OPR23%6f uncti on of the SH |ndex |s used f BETRISPARI6E g
the residual lifetine éstimate. The constants and/or the equation$ may
be sent over the two wire loop to transmtter 40. Another 30

diagnostic circuit is inplemented with a nol®t-1ayer neural network.

Al t hough a nunber, _ of tr ni n ori hms can be used to devel op a
neural network modéf for %&FE‘H? g%a slagpe BnpWisrit FRel &S the
known Backpr opdgating Nedsmrlls (CBRN)lIEOedea@I R -ROUT (@, -t wor k

o modul eguhi ch Wiie GARP IR 13°A0EhRALL 0L ing

anong a set of input and outp
di agnostic circuit Ff‘%é“af ll%jeb <(§ heggensar based; ween Auraset of rehacwea

concl usi on on 5 odfhehsts#us of the tenperature sensor RTD 61. The SH

index is nonitored,gnd its pfﬁesg‘[%q\é@ ue ﬁaf&n;gf reln °8taémr¥%{ h%gfjly

| over boundari es. The u per aries
set by testing of rFfy udeés wgallydemmmnss atidelensted twoon t he

conparison. 10 different | curedithQlevesBeCht O tHe & enB¥eNbh@Mmed N indt €
y the resultant voltage drop across the sensor.

18. The method of claim 13 including determining
sensor life expectancy as a function of the diagnostic
ocutput. )

19, The method of claim 13 including determining

temperature of the sensor as a function of the sensor
" output and the SHI.
. : - 20. 'A.temperature transmitter for use in a process
' control system, comprising:
I/0 circuitry adapted to coupled to a process
'~ control loop;
a resistance based temperature sensor;
a current source coupled to the sensor to
inject a current into the sensor;
voltage measurement circuitry coupled to the
sensor providing an output related to
voltage drop across the sensor; and
diagnostic circuitry providing a self heating
(SH) index output as a function ° of
injected current and the voltage drop
acioss the sensor. :
'21. ' ' The transmltter of claim 20 wherein the
d1agnost1c cxrcultry provides a life expectancy output
_ ‘ds a ‘function of the SH index.
_.227 . The transmitter of claim 20 including

ior

temperature measurement circuitry providing an output



of change (ROC) of the SH index is s correlated with life expect ancy of

sensor 61. The .ROC of the Smmmnumumuuu pI’OVI ded to the diagnostic
circuitry inpl e‘%%@ 52 whi ch provi desngsvmet put
i ndi cative of ect ed |ife, ¢intl ddi ng a warni ng when the expected
remai ni ng sensor |i fe has dropped bel ow a m ni mum val ue.

Al though the present invention has beens- described with reference to
preferred enbodi nents, workers skilled in the art will recognize that
changes * 20. nay wmwmsmawmmemsheuﬁu@@wrmfg FENHAT

tgg spi riTt | gn&ZfO%ggﬁﬁel aﬂ@r&né;rm index. _

- VHA . transmtter i.n a _process._contr
system conprisi ng@% The  tFRRFRY AT erﬁ}é‘tlg‘t %roe g‘ee SO S nsgﬁig a
process vari abl e anthdsrovisddaternigwdses a function of a chgpgpuin sensor

sel f heating C'rCU'féé&éﬁﬂ%&%egntfbéﬂBié%eﬂéoé change in power RpPVMidH Y a
sel f heating signal_related to a self heating i1 ndex of the

sensor ; IRg**Fo digital conversion circuitry
coupl ed to the sensz4. out put Taadtrhaesmitter of claim LansdrereimprrbeorSEng

circuitry and  jndex is calcupétgg/d%l s"qraslh gih-pef, sensor output and
a digitized self heatl ng signal;
25 A temperature transmitter for use in a process

contrel system, comprising:

a resistance temperature sensor sensing a
process variable and providing a sensor
output;

self heating circuitry coupled to the sensor
providing a self heating signal related
to a self heating index of the sensor;

analog to digital conversion circuitry

_ coupled to the sensor output and the
1';1 sensor monitoring circuitry and
providing a digitized sensor output and

a digitized self heating signal;

measurement circuitry calculating a
measurement temperature of the
temperature sensor as a function of the
digitized sensor output and the

- digitized self heating signal; and
output circuitry coupled to the process
control loop for transmitting. the
measured temperature on the loop.
26.} The temperature transmitter of claim 25
whereln a constant R.o of the temperature sensor changer
as a functlon of change in the self heating signal.




output circuitry coupled t ﬁﬁllirocess cont r | oop for

transmtting a signal relat ' IMI "!, HIIJL to sensor tenperature; and
1 d a’fﬁqu}&é’ﬁ"%ﬂ?gt' ng

di agnostic circuitry coupl €
si gnal r espon¥9¥ %%& prOV|d|ng a diagnostic elated

to - sensor calibration as a function of the
digitized self heating signal. 2. Thestransmtter of claiml
including a nmenory storing a set of expected results related to the self

heating signal. 3. 27, Th'ehetrtfﬁ?didéirhi:a&e Of radmitiber]l o¥hegEhim tIdwe
di agnostic circuitry CEQE’RH SESn & nq__uraa net?? gf é‘he temge%.atuge éenagnsm tter
y C

of claim 1 whereii e diag Hostlc Scrreui Ju%/
The transmitter ofChaG;!BarmaSl a mlﬂn tafe ‘Eﬂ%t@?oslm cthej g& th@atlrmbw des
a residual i fetl sgnf3li mate output. 6. The transmtter of

claim 5 wherein edlagnotlc circui ermn t he re5| ual lifetime
- 14- estima asafulélo'??“gﬁergf% i(eﬁ@ 35
digitized sel f heamhegednghhe. measured]_temperatiihrg nsansﬁunceiomfoitltahem 1

wherein the self gepngoheadtbRa Climdd & ¥ohBehHEeg, a current source and
vol t age . .
29. The temperature transmitter of claim 28
wherein the measured temperature is linearly related to
K, where K is a function of the self heating index.
30. The temperature transmitter of claim 28
including a lockup table stored in a memory, the lookup
table proViding K as a function of the self heating
signal.
31. The temperature transmitter of claim 25
including diagnostic circuitry coupled to the digitized
self heating signal responsively providing a diagnostic
output related to sensor calibration as a function of
the digitized self heating signal.
32. The temperature transmitter of claim 2§
including:
a current source coupled to the sensor to
~inject a current into the sensor;
voltage measurement circuitry coupled to the
sensor providing an output related to
voltage drop across the sensor; and
diagnostic circuitry providing a self heating
(SH) index output as a function of
injected current and the voltage drop
across the sensor.




frement circuitry.
gel f

‘'ied to the sensor.

8.
j heating circuitry.determ nes the SH index as a function
f change in snﬁammnge3|stance in reiﬁonse to a change

The transmitter of claim1l wherein

RN

eltrénsnmitter of clai

index is calculated as (Rlerr]-Rerr])/(Plerr]-Plerr]). -
The transmitter of claim1 wherein the out put
cédlibrates the sensor tenperature signa

Ci rcwtry

in response to the

di agnosti c out put. 11. The transmitter of <claim 1 wherein
t he calibration is a function of the self heating signal. 12.
The transmtter of claim 1 wherein the di agnostic output 1is
i ndicative of sensor Ilife expectancy. 13 A nethod for diagnosing

a resi stance based

t enper at ure.

sensor in a process control

transmtter, conprising: sensing and digitizing
resi stance of the sensor to provide a digitized
sensor ' out put ; obtaining a self
heati ng i ndex (SHI or t he sensor;

provi ding a diagnc§§ output ap a fun of the
SRI . 14. §§ e nethod pf clai d(ei n obtaining the SHI
conpri ses neasuri ff ange |n SENSOr ‘res\stance\j n response to a

[JIIEU L‘JILII
N |

I
}
-

change in power apg

\ \ensQ'.
\ . \




-15- 15, . The nethod of claim 14 wherein the self heating index is

calculated as (Rlerr]-Rerr])/(P[err]-Plerr]). 16. The nethod of claim
13 including estlnatlng residual |ife of the sensor based up ﬂm&ﬁﬁg
change of the SHP 002776 - The met hod2of/ cl4i m 13 wherein o he

SHI i ncludes sequentially |nject|ng at least two different current Ievels
into the sensor and neasuring the resultant voltage drop across the sensor- .
18. The net hod of claim 13 including determ ning sensor life

expectancy as a function of the diagnostic output. 19. The net hod of
claim 13 including determ ning tenperature of the sensor as a function of
the sensor output and the SH. 20. A tenperature transmtter for use

in a process control system conpri sing: /O circuitry adapted to
coupled to a process control | oop; a resistance
based tenperature sensor; a current sourcejcoupled to the sensor
to injegct a currentkﬂnbo t he sensor; ?

measurenent circuitry upled to t
output related to VO
di agnostic cirEultry providing a se
output as ‘a fuhction of

drop | across the sensor.
20 wherein the

vol t age
\ﬂsor provi di ng an
{ he sensor; and
71 (SH index
nt and [the vol tage
The transnirter of claim

age drop acrog\

21.
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diaénostic circuitry provides a |life expectancy output as a function of the,

SH A ndex. 22. “The transmtter of «claim 20 including tenperature
measur ement ci r o dorym@r ovi di ng an out %ut PCT/US99/23667

- 16- related to sensor tenperature -as ’a function of sensor .
résistance and the SH inde. 23. The transnitter of claim 20
wherein the SH index is determned as a function of a change in sensor
resi stance in response to a change in power applied to t he sensor.

24. The transmitter of claim21 whegrein the SH i ndex is cal cul ated
as (Rlerr]-Rerr])/(Plerr]-Plerr]) . A tenperature transmtter
for use in a process control sys$tem7gmpI|i si ng: 150 a

resi stance tenperature sensor sensing.g¢7 —/AL rocess variabl e
and providing a sensor ut put ; sel f heating
circuitry coupled to the sensor providing a self heating
signal related to.a self heating index of the sensor;
analog to digital conversion circuit coupled to the
sensor output and the jﬁ!ﬁ?;”k@%'__)ggmitoring circuitry
and providing a digitized sensor outpﬁf

l

CALCHIATE
e SHp <SHI; |- 15

&ime

A SHS = /ed
SHlp ~ SHLy

!

| | Déierrye —8E
L | remeerATRE
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F m v e e
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a digitized self heating signal; measur enent circuitry

cal cul ati ng a measur enent t enperat ure of t he
tenperature sensor as a function of the digitized sensor
out-put and  WBH0023776 : diggi 7i zgd sel f heating staums99/,23661
output circuitry coupled td t he process control | oop-for
transmtting the nmeasured tenperature on the |oop. 26.
The tenperature transmitter of claim 25 wherein a constant R err] of
t he tenperature sensor changer as a function of change in the self

heati ng signal. -17- 27. The

tenperature transmtter of clalm 25 wherein a constant alpha ([err]) of
the tenperature sensor changer as a function of change in the self heating
signal . 28. The tenperature transmitter of claim 25 wherein the

measured tenperature is a f@dction of t sensor signal times a constant K

29. The tenperaturekpdrgnsnitter claim 28 wherein the neasured
tenperature is Iinearﬂ-y—reg%-ed—(—e—kpw Kis a functi&n of the self
heati ng i ndex. 30. Th tenperatpre {ransmtter of@‘\dl aim 28
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_ llookup table stored in a nenory, the | ookup table providing K
as a function of the self heating signal. 31. The tenperature2000067s~=

AT e

transmtter of claim 25 including diagnostic circuitry coupi

L
N

h.lﬂ
digitized self hegt) si gnal rgsponsi vel roviding a di agnosgiNia
related to sensoraég)fbrat i on ‘4 am%ﬁ%ﬁ?%g%cé‘mg%om i zed se™ heat Lng
signal . 32. yNTERNAMIENAL £PHSERHON SUBLISAS TNDER THE PATENT GOGBERATIONYREMIV@CT)

a current tH ' 1- serrsor—t

GaHgpaional alent Clasheatf [ g rrots o 1| @RuEmsgten Etieeiop NeBRSP ed ¢ 'S Y2376

into the

sensor priovi @Wgl¥M out put related to|Al) oo paid@nipage dr QP ACHR S 04.00)

t he _SenSCJ’—;—-&Dﬂ J;I_Lgfgrp'ncf e rirdunt Ly Provi th:ng a-self heatl ng

(SH) i QO RikbnePSpiRadbH NGO ObcinboRSds At bl suRthet Kie aMOlrt A8 AzH A0S, Bs,
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(S7) Abstract

. A transmitter (40) in a process control system (2) includes a resistance—based sensor (10) sensing a process variable and providing a
sensor output, S‘elf heafing circuitry coupled to the sensor (10) provides a self heating signal related to the sensor (10). Analog-to-digital
conversion circuitry (50) coupled to the sensor output provides a digitized sensor output, and transmitter output diagnostic comrection circuitry
(52) provides an auto corrected output as a function of the self heating signal output or in another embodiment, the transmitter (40) outputs

& residusl life estimate of the sensor (10) as a function of the self heating index.




