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S| GNAL CONDI TI ONER REMOTE FROM A HOST SYSTEM Field of the Invention This
invention relates to a signal processing system having a host systg{)n[lt hf#o 2
provi des power to and receives paraneter signals froma signal con i eto

that receives _signals fromsensors and generates the paraneter signals.
More parti cif STEM FOR PREVENTING TAMRERING WITHA SIGNAL QONDENIONER

tanpering with the signal ﬁ% ‘ il ticularly, this
invention relates to a tarrggE *%Bﬁgﬁmbﬁég t is executed by the
host system which periodically reegd t‘)??h@g‘}v%ﬁﬁéﬂs aut hentication 10

i r obl
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mat eri al being delivered are tanper pro
gi ven i niip&Vantivastites p g sys@rEthatipreyentsdatipdrirg Wit thd 8@haFshridiger. One
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JantQry hfawestiomiromethesgignalocarditioter. Sni th of February 11, 1982. A
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configuration. Each flow tube config TablyR in a Coriolis mass flowneter

has a set of Raéeoaimyh s Bl UhdBs) i f il & hending, 25
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e. i " w t ube.
ilauses t‘ﬁ'{etﬁgwé@@%b??gao (Ulﬁhalgt@r}aa\mgg é‘ﬁ@?@)-i s no material flow ng
through the fOaergperof dévicd eisBlStolmeakire 'ﬂﬁﬁtegi@i)g;ggllqgggpge@gﬁ P?,‘g,&&ﬁ he

oscillate with an identical phase. As a materi
fl ow t udownsiten| A Satinlisinaass flowmnadeumeasurds prissiflow and ctifer ikfopiatisheft 0

h j ' t 1 th i nt I t he fl t ube.

The pnadiotsiiaf DoRE B0 4 Pifsiie: roue duenieriosuibe ydi-S. atet Noe

phase om 40¢,006t$RiediodRE] SAfh, 5t AIN6F S’éﬂdd’é‘réﬂ ,39B5YUr ﬁ.%?h%ﬁ fé’J.ﬁ Sifen
produCe "si nusol dal” si'ghal’s

different;ﬁ)%ts on the flow tube to I'g
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tu%s or flow tubes. 10 The sensors transmt the sinds
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host syst%m_V\‘ni ch provides the desired properties to a uses
manuf aciiftenal withindhedipw dubes.i Matariahflows istogihe flownditer frosr a iconhBeted

fol | ow The. S ndi h ur | itch. Th
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pl aci ng the signal conditioner and host systenlin a housing
seal ed. 98- order to seal the housing, holes are drilled 20 into opposing

sides of the ' . L Je ks n_threaded rou he housing and a
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i nspect fubve tbmstiiate.niWiesn fharBes AbeRAtEAR] fSwiiaVh fhfdelalihoi
However, the use of a seal on the housing i@@a prraggﬁélﬁnéﬁgr us%'iaﬁr!rbgmts
sanitary operation. In a sanitary operation, the entire housing nust be
easily cleanable. An 25 exanple of sanilitary operations is the delivery of -

ingredients in a cooking system In sanitary operation, the holes and seal
have crevices and grooves that are hard to cl ean.



An alternative nethod of preventing tanpering with the signal conditioner
Is to maintain an audit trail of changes in the signal conditioner. This
allows for easy 30 detection of tanpering froma readout of the au@%g ne 2004
However, the audlt trail nethod requires a | arge anmount of non vol ‘f

| dds h f
o gnal_ c8iR: Py bgesuRlate withiart fdenigal Bhalie: s 8798581 Gegian Tpofow
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from t hemgisg fiow ﬁét&cbﬂth@ﬁﬁaten%l tflowimtirongh tHe owetubaldrefiowtubesi s the host
system and sL%naI conditioner to allow the host system-t rovide power to
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the tanper proo I'n"accordafrce W on

condi ti ohesugtt m@ﬂomet@r atThensignd! contfiignaratise gerlatatesa drivd sxgﬁalaapmiawe
i dentification, For purggses of this invention, the signal conditiogner may

or may rigtt @&W@fﬁowhm hesfiow tubes. . Th@pammgtﬂ@gmlsme&m trapwwitiad ta he

i denti fi re terned

st hent 14 APPERVRIEL WA bRMGES o OLuintd el O BRel *, < *% Tequest to
t he18i gnal cohdiHe past; mMatufadbRirers frevkhieet tapipeatiricawith the siynel edﬁnchdoner in
enbodi nent, the_host system and signal conditioner copnmunicate using

Mbdbus” tbreofpaemngamw "Tbﬁo'i'ﬁ’é@ll congiiiongrdias aceamurity swaichy cbhe $8SURe
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SYyS y generate an e ror Signa se t e error
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i nventiop.is A s for entin erin ith signal conditioning
circuit r‘i}’tpﬁnﬁlee %%trqrﬁcaq gue ﬁ@ p&"%%‘ﬁ'\&t erfrom signal s received

from sensors r em
316 June ﬁé“’%?‘?ﬁ@%ﬁﬂ% S22 RhEhdiBiy RO TardbiEhf Br uSelnpSanks:
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affixed to sald conduit as na -cond host
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circuitry, t Mipted AEAToeRinG P RedRa T o @IA capdtiennisto
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Preferably, the host system further conprises circuitry configured to
generate said signal to indicate an error responsive to said authentication
i nformati on not bang equal to said initial information, and termn

zl}n62004

operati'on of said signal conditioning circuitry in response to sai ror.

Preferably, the host systemfurther conprises circuitry configured to
obtain said initial information. Pref&albtiph the host system furt her

e I BRI oS0k o bR S ol i
response Hy adeiraper RYosRisiridl Gt dikewsh Iri @&b@@:a@ie@cuﬁthfbhié)%@@}ﬂb%”%gﬁ& to

said host system to receive said authentication information from sai
signal cotitfiantage pt hetanper prpof signal cosditiones i dceardbpoe indtat thisnnvention is

i nforgmati id.inLtial  pnf tion iyt menory. Pref.erabl t he host

oyt ot e 3o St Bbhiopkl ey He Aberl g P tanparuranatt. ‘A second

aut hent i calvia ntagelfs(lhﬁatHéJ@igh?t Conditibhad dbay ﬁéﬁ%bh%eo@fi‘t(ﬁ})rpﬁ Gﬁé’rﬁB}yaor areal
al

d 4 ]1(9_ June 2004 function in response to s aut henticat1 on
i nf or mat LB FRCkHRORgeetpupiovide adpmpaninrpel systéor mati on. Preferably, the

record includ ' L di . I d t henti catign

i nf ormation i gﬁ.ra}gglm\:%nd@ mtth%r'hgg}ﬁié%?' ‘ﬁ%ﬁﬁ?@i@&%‘%ﬂ%&"ﬁﬁ%ﬂmﬁfaﬁ%

and pr evene physicalipsepated t Theisiyrall condiiohepRi M@ uitly hiat Fdceivdl é@ﬁﬁ% from
ronics of a riolis flowreter, said nethod characterized by the steps

ele
of : C‘ber i SENEAIS §ne canyaitsthe $ignals do earametersighalst thahindicatenropesissosf 4 r om

a host s ' | LLL.ani Lrcultry: receiving said
authent; Aninat THROhGstoAlein RIS pBNER T cCHuh bR Tial b reRsven he
r esponsepatarnatat signpldasrn the Sigmd canditomie?. K comrshtbEn2abirs %&b%rbo?lnects
mforrrat*ctg{\hl n said host system performng a conparison of sal

aut hent i ] g%t SPWWQI §!9%h&9nﬁ§%pn§r to allowthe host sysiamytenpravidenpowestaynal
based onyiRbinGPERRNBAB: LAao LBHLER! EAa okl amES R oocur ed.

Preferably, e authentrcation infor ue identification
for18ai d si gnFhedwelisystem iga procassing uniPteftenablites dificatibhe Mhidatioe

O R O Ser proof System th abtordanea with s invention. The si it
. gnal conditioner
stores calibration and configuration data as well as a unique identification. For
purposes of this invention, the signal conditioner may or may not contain a processing
unit. For purposes of this discussion, the identification, calibratioﬁ and configuration
20  data are termed authentication data.

The host system periodically transmits a request to the signat conditioner for
the authentication data. In a preferred embodiment, the host system and signal
conditioner communicate using a Modbus™ protocol or HART™ protocol. The signal
conditioner receives the request and reads the identification and calibration data. The

25  identification and calibration data are then transmitted fo the host system.

The host system stores the received information in a memory to provide an
audittrail. The host system may also compare the received authentication information
to initial information stored in the host system. If the authentication data does not
match the initial information, the host system may generate an error signal. In

30 response to the emor signal, the host system may disable the system.

A first aspect of this invention is a system for preventing tampering with signal -
conditioning circuitry in electronics that determines a parameter from signals received
from sensors and transmits the parameter to a host system. The host system

3



signal conditioning circuitry. Preferably, the nethod further conprises the
steps of generating said signal to indicate an error responsive to said

aut hentication informati on not being equal to said initial inforna&b%ﬂk:gﬁg
term nating operation of said signal conditioning circuitry in respohse to
said error. Preferably, the method further conprises the step of obtaining
said initial information. 5 19 June 2004 In this system the signal
conditioner is enclosed in a housing that can be used in sanitary

envi r onnent sA {ifét sspeeanstiidimvbatsh iga heseasitéy fol eatiestingTdved piggrating
conditioner is connected to a host systemthat is renote fromthe signal
condi t | @ieperiiwith signad panditianiRg FicHETY I nheter elardioBiRsiR SOFARBS condi ti oner

in accopdance with 5 this.in ti.pn_.are. w... _Fl Lllustrates a
bl ook dlagrEtorareind S B AP A0B0aRR IRy itelttias d Ghachst berTheR!

| nCor pofrghesifhals raSReEd PoRPEeSyS @Mfb@id thid SohdER 408 floleRdtef Wit méﬂg

I ncl udes a power supply 101 and a processing unit 102. Power supply 101
suppl i essdilfete dwer drivesrdeftixedbtopsaid essdni asmatetial{lows Wenough spiid/ cdiduigl so
suppl i es B%Br to 10 signal, cgndi_tioner 110 via path 103. Processing unit
102 r ec#Rid 9shayHRBY &ararighaPd bYr om si gnal conditi oner 110 and provides a

Communi cat es w  no LT ARLPoMARe R pRroTEAN Pa¥a R fyest A SAIRicp 1%

par anmet gforgi vl ts sand senarcdRiigdihy ertuiopstd recaedidacthantichtiémi s
i nvention. In order to comrunicate, processing unit 102 and signal

condi t i iphematenifionsaid sigoabegnditi@ung piretity dn respasisextepaidrgaussbitesdire are
A e B ) @Lﬁih%ﬁglc%i%@]”i%rim%%%k et Sl Hlort el S A Ry
circuitry, to perform a comparison of said authentication information and initial
information, and to generate a signal based on said comparison that indicates if sad
tampering occurred.

Preferably, said authentication information includes a unique identification for
said signal conditioning circuitry.

Preferably, said authentication information includes calibration data for said
signa! conditioning circuitry. '

Preferably, the host system further comprises circuitry configured to generale
said signal to indicate an error responsive to said authentication information not beng
equal to said initial information, and terminate operation of said signal cenditioning
circuitry in response to said error.

Preferably, the host system further comprises circuitry configured to obtain said
initial information.

Preferably, the host system further comprises circuitry configured to transmt an
initialize request to said signal conditioning circuitry for said authentication information
in response to detecting said signal conditioning circuitry being connected to said
host system, to receive said authentication information from said signal conditioning
circuitry, and to store said authentication information as said initial information in
memory.

Preferably, the host system further comprises circuitry configured to compa®

said authentication information with initial information, and perform a pragrammed
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power converter 113. Sensor signal conditioner circuitry 112 receives
sensor signals fromsensors via path 114. The sensor signals are then
converted by signal 20 conditioner circuitry 112 into paraneter sig@? 004
The paraneter signals indicate a paraneter of the system being nea 9?%3
the sensors. One skilled in the art will recognize that sensor signa
conditioner circuitry 112 may include a processing unit, such as a digital
signal processor and the necessary circuitry needed to convert the sensor

si gnal s fiimit@ndnget@dnss tonsdis atitraintisakor iedstatdtionhyttbeengpeqogissisa@d mitidi . The
25 paraneter signals are then transmtted fromsignal conditioner circuitry
112 to fifatmati@t.em 100 via path 104. Power converter 113 recei ves power

from host sy t.hen erted nda Iledtothe
Syot em bei ny TR by eehEl BEnERS o 55E shind SR EairEePER 88T s “Power
convert%@tﬁéﬁlcg{lgﬁ),mbgﬁémlsq@y}@@ego sensor signal 30 conditi oner circuitry
112 via path 116. FIG 2 illustrates an exenplary processing unit 200 which

may be used @nophercespechiclndes dhthod fooidisatiigeand Pfeventiag tamgiedng alith
signal processor in signal conditioner 110 of FIG 1. Processi ng system 200

has a céW&powla@@ggqugumwm netpuplestronics of greongsAlovonelasi eaid anetbades

i nstruc ry to performapplications that conprise the
operati tghgr%;érngegj @&@53 Eggfem 200. One skilled in the art will recognize
that CPU 201 p@ﬁ?ﬁdi’éﬁllﬂr%%ﬂﬁﬁ@ﬁ%é@éﬁt o &ﬁﬁéﬁﬁ&atnoﬂﬁnﬁﬂh%@ﬁ"?ﬁ?ﬁ%‘ Yt
grouping mul ti ple processors and m croprocessors_ CPU 201 is connected to a

5 menor gystem @02aid symal gobditiofidg ciickitygs CPU 201 to access Read Only Menory
(ROV) 203 and Random @?CGSS Menpry 204. ROM 203 is a nmenory that stores
i nstructions "?‘Eﬁ"”ﬁ%lsf‘ WWQ“F‘P@'%‘@!@ m@B‘é? érpmxéa@a%a@,aldaonﬁrt@w&«m@!t&yst em

200. RAM t stores the instructions and data needed to
execut e app |ca ?%%gwﬁglyggt?e performed by processing system 200. 10 11O

bus 210 connefdring@PecdPd of Qam AlEakdativn AhuRRLLGNRT Sdid HRSt §@RencPU 201
recei ves and transmts data to the peripheral devices via I10O bus 210. The

peri pheral deeifegsingonaempedsen of sadiauthetioation infdenatien asd éniti@t | imited

mermory U ek s RS e bBSt b P e dicery ML leue g ™| ©
y y

i ncl udegg@ g,t,,c)@gcgjryé@r and connected 15 nonitor for displaying information
to a user. Input device 230 is connected to I10O bus 210 via path 231 and is
a keyboard aRutferabipube althetivationnfermatipr iophidese dniqueridérdificatiorefori ng
input data froma user. Network interface 240 is connected to |10 bus 210
vi a pat ﬁa@4“£9'éﬂci3°ﬁ§9'oﬂjﬁgac'fﬁ%fé¥‘n Et henet device driver, or other type of

T 2 T B R R e
menory 2imal eor&ultlonlng circuitry.

Preferably, the method further comprises the steps of generating said signal to
indicate an error responsive to said authentication information not being equal to said
initial information; and terminating operation of said signal conditioning circuitry in
response to said error.

Preferably, the method further comprises the step of obtaining said initial

information.



device, such as a disk drive, connected to |1 O bus 210 via path 251 and

whi ch can read and wite data to a disk or other storage nedia to store the
data for future use. Peripheral device 260 is any other device thai ?‘%}/@34
connect to 11O bus 210 via path 261 to share data with CPU 201. 25 Figge 2
il lustrates a process executed by processing unit 102 of host system 100 to
provi de a t anpdhismyetémsits signahcandiioneris envloskdima housaenthat cae beiused A

t anper proof ,s¥)ztem i n accordgnce with this invention, st&rﬂeﬁs a Ji_gcor,d of

he

aut hent "8 S3NEANGENYITPR + t BStBeeRg thghousing &.pasly Flaaiedne 8P gtignal
condi ti Tt t; i ' iS4 it

ondi 1 o A e B B B g |
t 0 i nsurandeigaa sepataieheusitg. Ahosbsystai gndsmms) chaditioher jor acesdanes with

exe tegg.at. a set tine int eééfal, after a batch of a predeterm ned nunber of
measur erRigtBVERION SI&ANOWR BRIOWandom time intervals. The setting of the

period is |effid q i tﬁﬁeé‘éiﬁlbéﬁdi rhRfoly lgozstiéxshén%éﬂ%ﬁdchgénﬂd&ﬁﬁtfor?&o

begins in step 301 w processing unit 1 ost system 100 transmtting
a requesitt Of that anddrpoirateatheotan péo proufi system si thisinveamtidnt | Hostr syistém 108

aut henti_cation informatiqgn be a unigue identification, calibration

o e e SPR AL A @ B500eT a0 BATGZ. Jyaver iy 10T SR @Sbe
noted t i ' ; ; S

o gl | 8 pORED rRRCANS profbet MBIl VO£S PBlvel BP0 Pl ophEs WBler tp
t hd Qone sitpsat cohditioner du0a patin$@81 Presssuieg anittid2reogives pPacarnetatsigmaldat a
back to _processing unjt 102 of host system 100. n step 3Q2, ocessi n
*uni t 1@%%&?%8%&@%@& ﬂéﬁta tpi"%Ylfvj?ﬁf%Pﬁﬁ%mﬁ rftpdﬁﬁp%rh\éaﬁ%ﬁafﬁe and &
condi ti ¥l . [ ' ' i i e
Chen 103886nddf ddWEE CPcbataind¥int 68 cufinaHicARIEATLIONR! cotidiiHls 130 Via
audi t t path 18htovergivdithe parametessignais zavwigxeicatd dppliciagons incavodrd amceewiti 10.

After a record |s stored, the recejved authenticati i nformati on be
Commar othisgMaNtians) In s i CORMEBICA OFERANO B 0% BRd Saa cORdANeRs

gfggalsygg ggapitg.? é%%%ﬂ})i’gﬁ%\%vﬂ hirdtdcdl.t Tilo EREMPIERY pRIOBBI £18 HARSH\Hd from the
Modbus *.

Signal conditioner 110 includes a sensor signal conditioner circuitry 112 and
power conveﬁer 113. Sensor signal conditioner circuitry 112 receives sensor signals
from sensors via path 114. The sensor signals are then converted by signal

20  conditioner circuitry 112 into parameter signals. The parameter signals indicate a
parameter of the system being measured by the sensors. One skilled in the art will
recognize that sensor signal conditioner circuitry 112 may include a processing unit,
such as a digital signal processor and the necessary circuitry needed to convert the
sensor signals into digital signals that are readable by the processing unit. The

25  parameter signals are then transmitted from signal conditioner circuitry 112 to host
system 100 via path 104.

Power converter 113 receives power from host system 100. The power may
then be converted and applied to the system being measured by the sensors or
applied fo the sensors. Power converter 113 also provides power to sensor signal

30  conditioner circuitry 112 via path 116.

FIG. 2 illustrates an exemplary processing unit 200 which may be used as
processing unit 102 in host system 100 or as a digital signal processor in signal
conditioner 110 of FIG 1, Processing system 200 has a central processing unit (CPU)
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15 the tine the system begins operation. Alternatively the initial

I nformation nay be stored in a read only nenory prior to operation to
assure .that the host systemonly operate with one pre-identified 55@5‘&1%2004
conditioner 110. If the initial information matches the received

A R R e A S Al i S e
recei vede@mphiest theabperationsobiirbdssinl syt@ne260N0 OHY bkilied ifathesanehat € a

signal indicating possible tanpering or other type of error in step 306.
The proc&seppizeutiat GloJ 2Ril, mavehe & BeropieseRsn PEICasser.sYfsaBAtPmbiaiiprg07 .

The ceasj At ‘ ' y | f bei ng
ssed.  proeeptio, B BREsSERAHAMCBRGRre! GRLEIR LRk elLe %00
exechit edmieynaryign202 c Mstnbhphes 202 4IRAROTFY DO 1riecatodseRead il Merhofy

aut hentication information. Process 400 begins in step 401 in which signal
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provide a tanpering prevention system FIG 6 shows an exenplary Coriolis

f 1 ownet &levices guishian aglisk dive.grannectetuie /& bus gdovia pesh 25 and which can

o oL R g B SR 0ofeEMISHATE s hSIIR o e,

t ot al i z&Xeriphesalidevice P60 i@y cthepdevicedhit My be connect to /0 bus 210 via path
261 to share data with CPU 201.

25 FIG. 3illustrates a process executed by processing unit 102 of host system 100
to provide a tamper proof system in accordance with the present invention. A tamper
proof system in accordance with this invention stores a record of authentication data
transmitted to the host system 100 from the signal conditioner 110 to ensure that
someone does hot tamperwith signal conditioner 110. The authentication information

30  is checked periodically to insure against tampering. Periodically means that the
process may be executed at a set time interval, after a batch of a predetermined
number of measurements are taken, or at random time intervals. The setting of the

period is left to those skilled in the art.



20 A Coriolis floweter structure is described although it should be
apparent to those skilled in the art that the present invention could be
practiced in conjunction with any apparatus having a vibrating conqgiﬂméﬂm
measure properties of material flow ng through the conduit. A secon

exanpl e of suBfPcgssaiiihbeging in Step 30 with Repcassiadnis i108HB hastaystam J468s
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B are_driver 4) pick-o0 sensors 605 an 5', and tenperatuyre sensor
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bei ng maeguestBndpétsingg a précyss duchwithebnesiksetibid beldvwitetighsrhit sz agel,
passes through manifold 602 where the materjal is 9 19 June 2004 directed
to ent erCHBANNG duibesticalien datback bnaracessingrinibiddiof Hosd systeny 16838 and
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mani f ol cthe@raH ceaditionBry €0 splretart dfzhé Yeddifed alitharizatioh $iformdtio®is then
nonent s of inertia and el astic nodul es about bendi ng axes WWand W-W,

r esifbct i ganeyatedand sioded i aguemasy dBstep 30k dhisnpravides an muditdrateshavdng i n
an essent.Lal ral lel fashion, ndui4.s 6 ~-603B are driven by driver604
I n opposh%ﬁhﬁ?gsgf'sghgnggiﬁ%? ﬁ@&?&@%‘bé??eim@ndi ng axes Wand W and at
what is ternesftdha fddobd i8UstoREd PHRS Peddivéd nilitRentidstRrP finfdimatibaviiebe
Driver 6D4 may conprise any one of many well known arrangerrentsg such as a

magnet rAsuparedite inidakbinfarmsion fontheisigaphoeenditjoner stored in the bes tin603B

condur « SO Thif i Slo RS, i bE Rhot R AR Bod Planél ehPatiPBeP 20 ag
dritger QA4 tirhe tfm@@s@lﬁ-bek%%@émfdn.smémaiu@ﬂﬁtrmﬂmi@éﬁ'nfmwﬁ megdbeo at

| east one of conduits 603A and 603B on opposing ends of the conduit to
measur e S4e%ed in4 read onlyimemay guior fo operation teoassure thabihesbes systemrenly

D1 cic. of PP AR B3 PR de ARG SbaleondilRndt 107 gnar s "are appl ied to pat hs
611 and 611" [phemitial ifofhbtien nYstthss the Fedbivdd hatirpichEn ifopaktiod 1Ren 20
Tenperature sensor 607 is affixed to at | east one conduit 603A andl or 603B.
process 300 ends and waits to execute after the next period elapses. If the initial
20 information does not match the received authentication information, the processing
unit 102 may generate a signal indicating possible tampering or other type of error in
step 306. The processing unit 102 may then cease operation of the system in step
307. The ceasing of operation prevents any potentially false reading from being used.
Process 300 then ends.
25 FIG.4 illustrates an exemplary process 400 executed by a signal conditionerin
response to receiving a request for authentication information. Process 400 begins
in step 401 in which signal conditioner 110 receives the request from the host system.
In response to receiving the request, signal conditiéner 110 reads the authentication
information from a memory. Preferably, the memory is a Read Only Memory to
30  preventtampering. Altematively, if signal conditioner 110 contains a processing unit,
signal conditioner 110 may generate the authentication information using a
predetermined process executed by the processing unit that will generate an expected

resulf. After the authentication information is retrieved, signal conditioner 110

8



Tenperature sensor 607 nmeasures the tenperature of the conduit in order to
modi fy equations for the tenperature of the system Path 612 carries
tenperature signals fromtenperature sensor 107 to meter el ectroni (i§J12n%2004
Meter el ectronics 20 receives the first and second pick-off signals
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convent i ARk WAL, vohithe ﬂoﬁﬁ?ﬁt@)a_n@rto?elgga%ﬁ@s %uﬁinfﬂﬁﬁétid?ﬁbﬁ?ﬁﬁ&hezsﬁo

Pi ck-of f signal conditioning circuitry 7 receives Ilr(]:BUt signals from

fird® pid Canglissthmvmelensiiugiuxisodesatmd althaugheitishoutdube appasent Bothosea

ths 611643 wPick-off circuit 20 d ] .t he. f f
Phe pi okl b Rl Sl nE pfsah imBdteR ol b pabtceklingionilnigiion FEHERS °
fl owi ng apparatis n@ﬂdgbt\ﬁbr@ﬁﬁg\céﬁéﬁtto%bﬁéur@}ﬁobéﬂwmﬁ}at@ﬁarmﬂvihaﬁ%ugh

signals from pick-off sensors 605-605' and properties of the 25 material
are det ethgigaaduitp 4 seeonst examplelof sughanapparatisiia Boibratingiube degsitergetest ed

and tra A ryisprocessing unit 750, i.n host. . system./00.vi a
oot - y8hlchi ded Rof naFE IRE AkRIrRT e dfoitns capapifl B asd YA Caltler
one28ki | inedsiflowrhegiepst Wil 1 recogni ze that path 721 may be carried over
first wire 711 and second wire 712 or over any other nunber of wires. 30

Host syst em 7H@tenRs$serablyd Ojookides@ppaiyofffangesibdt and &0 Hgmanifold 602 aad.

ot ved SIS 098 S BRas, REhhhSatblap " Rlichud WA eBAGGRE Ao inlet dg

syst ent mﬁﬂ-dﬁwisbﬁeﬁﬁmlﬁnﬂ@ﬂﬁf!%h@fteﬁﬁ%?ﬁthﬁe §605BIB0K BralceY988b6 and 606"

conditioning circuitry 72D ancf then
serve to define the axis W and W' about which each conduit oscillates.

30 When Coriolis flowmeter § is inserted into a pipeline system (not shown) which
carries the process material that is being measured, material enters flowmeter
assembly 10 through flange 601, passes through manifold 602 where the material is



19 June 2004 may perform processes needed to pw de properties of the
material flow ng through conduits 603A-603B needed by a user. Such
properties may include but are not limted to density, mass flow r?%ﬁ OB'
volunetric flow rate. Processing system 75Q perforns the processes LBW?# A

FI GS. 3 dirstied toentepyoittuits 6GBRandB0SBs flbvethoumisdamnuits GOSAEthHR3s Yhtih
the present invention.' The above description provjides an exenpl ar ,
embodi mlCkIIa MENTAKRER? AR MRTA(: SH sy StehasSeTabl eI ARnge DRS

i nvention. |ta] ) d o) A ' n ' si gn
it ornarur e TOMHTEERESA A BosBras SHleol drt bBBrdtirtar R el 1o BT

t he cl aimanifisit @02 sblhes to havel substéntidiiyothghsaime fast disteibafiofguiovadrdstaf. 12
19 June 2004 What is clainmed is: 1. A host swtem (100). for indjc )téi 111_%8

;

t anper i figelipcandeigse reeddesiahautipesdindaxey Wa¥@nd Wer\liodaspec

el ect r ol 8 Hoshl 68385 B oIAIAR! b fle rIAIICR Th A Bbebritifl) Barallel
condi ti oni na circurtry détermnes rocess paraneter fromsignals recéived
from senfsgliisn( 605- 605" ) affixed to a conduit (603A-603B) in said flowreter

(5) that is beir;l&_osci | lated by a driver (604) affixed to said conduit,
(603A- 603B) d=ondilits 6QIABISRsatefrbRgbRaiverédddniaprestie firgota)s abeptdhaisst

system ry - by i WA ¥ '

eri odi danPaMELhEfneYaxes Y Y WY Bnltie bnalis (A e (e dut of phase
si gial  bendirid awded of the flowrieterl Wrivéro6 (8 @Ry rcengirise aay dneudihemnycwelion
information fromsaid signal conditioning circuitry (110) in response to
sai d r ekBo¥n arangepents; SHICh as a srgnetonoyated tegandwt €334 gndiaty epRRSINGN

ece veg bl 8o SPRoh GO0 bl BB A Mo PSR B 65,
t o (306)ilsrafieg abth sofdGies! AbafRMbIS Bri¢eisiyrizd ﬁ@QFpﬁ&I‘ by méter eibotidnfss 20 teai d

tanpering occurred. 2. The host system (100) of claim1 wherein said
aut hent dgier 684 ivig path®10n 20 i ncl udes a unique identification for said

ahdBal 1 oa o Ptk R hesarY BRB S A athd (iRt S gty ;.
signal GOA & BphOSInG drids & the(dokuit t3méasiecndtilRitioR W ke coA8Gils. OoAs thai m 1

further conprising: Circuitry configured to generate said signal to

i ndi cat 60adusFP3A-GRIPyikratas, picksell senserscil-6051 genaratera fitstiPirk-efbsignal ng
ci'gnal - 2000t B ger-pB RBMG  Thp B55abd Yo HoRBEsRAG u pBled 1
system &gy 601 apdad M prinvst e drivarveldoly: sighaldyidpplied tobathi6ed. t o (500)
obtain said i_nitial information, 13 19 June 2004 6. The hagst sys (100)
of 201 o m 5. f (iARSTabURRaNSaR GO isalixed {p ablepshanesondUl O SdINE BPBan
Fnitial g, S GG 'seh@or 807 mbdiites the temperature of the conduit in order to modify
equations for the temperature of the system. Path 612 cairies temperature signals
" from temperature sensor 107 to meter electronics 20.
Meter electronics 20 receives the first and second pick-off signals appearing
25 on paths 611 and 611, respectively. Meter electronics 20 processes the first and
second velocity signals to compute the mass flow rate, the density, or other property
of the material passing through flowmeter assembfy 10. This computed information
is applied by meter electronics 20 over path 26 to a utilization means (not shown).
It is known to those skilled in the art that Coriolis flowmeter 5 is quite similar in
30  structure to a vibrating tube densitometer. Vibrating tube densitometers also utilize
a vibrating tube through which fluid flows or, in the case of a sample-type
densitometer, within which fluid is held. Vibrating tube densitometers also employ a

drive system for exciting the conduit to vibrate. Vibrating tube densitometers typically
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conditioning circuitry for said authentication information in response to
detecting said signal conditioning circuitry being connected to said host _
system. to (503) 5 receive said authentication information fron1sa'€ Si ﬂh
conditioning circuitry, and to (504) store said authentication infl #EFQQ

as said initial information in menory. 7. The host system (100) of claim1

further &8igR icoabhgingle feedhack signel gﬁmda tdensigIeasumenentsamiqdires only the

aut hent i ' ' r ' it initial information, and perform
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1 WnereiB sald record includes a tinme stanp indicating _
. aut hent i BEPPYMEHTSr nation is received. 15 9. A method (300) for indicating

(50) %ot " Cor 11 E" FRvsRFL B WL SO 2 abec VRSBl CUfaER G

. of 1 (301compeneatl & dbkysystens Dl bindt dighafEsaditibaer 201 NenEhE&itRMal meter
informati on froma 20 host system (100)" to said signal conditioning

ci r cui t r §lectrepics, tresy compenentsarediousad ineoné eaiti on i nf or mati on from said
[ | di t keni AN 11 ' . t I d t, (303

Storing ot ecord o dof Hetlaed arve Richtny §10 78 bt sondiien

(305) pesifeuitry 7202 OABTRIlIEHOR tAE 7Rl RIFAM Fk iir?B#xﬁlﬂ@é gﬁ%én efcdly710

initial 25 information; and (306) %ener ati'ng a signa
con%) ri sand pigle-off eandiianing feirsaitty ¥2Bpeayrhe separatecanalog clicaitsret gy (300)

ent 11 RSN FoiRh BB it NaaProersianparcidial comadroai s00)
of clal nDAvaaizegitry 79U Gerfrofonh il AnditRl ABHAC S NI SanGAb! dtividrsd

data for said signhal conditioning circuitry.
via path 710 of path 600. In actuality, path 110 is a first and a second lead. Drive

circuitry 710 is communicatively connected to pick-off signal conditioning circuitry?720

15 via path 713. Path 713 allows drive circuitry to monitor the incoming pick-off signals
to adjust the drive signal. Power to operate drive circuitry 710 and pick-off signal
conditioning circuitry 720 is supplied from host system 700 via a first wire 711 and a
second wire 712. Firstwire 711 and second wire 712 may be a partofa conventisnal
2-wire, 4-wire cable, or a portion of a multi-pair cable.

20 Pick-off signal conditioning circuitry 720 receives input signals from first pickoff -
605, second pick-off 605", and temperature sensor 607 via paths 611, 611" and 612.
Pick-off circuitry 720 determines the frequency of the pick-off sighals and may dso
determine properties of a material flowing through conduits 603A-603B. Afterthe
frequency of the input signals from pick-off sensors 605-605' and properties of the

25 material are determined, parameter signals carrylng this information are generded
and transmitted to a secondary processing unit 750 in host system 700 via patfs 721.
In a preferred embodiment, path 721 includes 2 leads. However, one skilled in theart
will recognize that path 721 may be carried over first wire 711 and second wire 712
or over any other number of wires. '

30 Host system 700 includes a power supply 730 and processing systern 750.
Power supply 730 receives electricity from a source and converts the received
electricity to the proper power needed by the system. Processing systemn 750
receives the parameter signals from pick-off signal conditioning circuitry 720 and then

gt



19 June 2004 12. The method (300) of claim9 further conprising the steps

of : generating said signal to indicate an error responsive to said

aut hentication informati on not being equal to said initial i nforma;'b?nﬁ'e 2%)'69

5 (307) termnating operation of said signal conditioning circuitr by

r esponse may parfdraprocessb3. nebizdet fdd ¢ I8iopettescdidhmmaterial iewingahesidgh NY
obtaining said initial information. 10 14. The net hod
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conditioning circuitry (110); 30 (402) reading said authentication
information froma nenory in said signal conditioning circuitry; and
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(403) transmtting said authentication information to said host system 15

19 June 2004 17. The method (300) of claim9 wherein said record includes a
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2. The host system (100) of claim 1 wherein said authentication information

20  includes a unique identification for said signal conditioning circuitry (110).

3. The host system (100) of claim 1 wherein said authentication information

includes calibration data for said signal conditioning circuitry (110).

25 4. The host system (100) of claim 1 further comprising:
circuitry configured to generate said signal to indicate an error responsive to
said authentication information not being equal to said initia! information: and (307)

terminate operation of said signal conditioning circuitry in response to said error.

30 5. The host system (100) of claim 1 further comprising:

circuitry configured to (500) obtain said initial information.
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(302) receiving said authentication information from said signal conditioning
circuitry (110) in response to said request;
(303) storing a record of said authentication information in said host system;
(305) performing a comparison of said authentication information and initial
25 information; and
(306) generating a signal based on said comparison that indicates if said

tampering occurred.

10. The method (300) of claim 9 wherein said authentication information

30 includes a unique identification for said signal conditioning circuitry.

11. The method (300) of claim 9 wherein said authentication information

includes calibration data for said signal conditioning circuitry.
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14. The method (300) of claim 13 wherein said step of (500) obtaining said

initial information comprises the steps of:
(501) transmitting an initialize request to said signal conditioning circuitry for
said authentication information in response to detecting said signal conditioning
15  circuitry being connected to said host system;

(502) receiving said authentication information from said signal conditioning
circuitry; and

(504) storing said authentication information as said initial information in
memaory.

20
15. The method (300) of claim 9 further comprising the steps of:
comparing said authentication information with initial information stored in

said host system; and
performing a programmed function in response to said authentication

25 information not being equal to said initial information.

16. The method (300) of claim 9 further comprising the steps of:

(401) receiving said request for said authentication information in said signal

conditioning circuitry (110);
30 (402) reading said authentication information from a memory in said signal

conditioning circuitry; and
(403) transmitting said authentication information to said host system.
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