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20 It is a problem that different devices may communicate using different baud
rate and different protocols. For the present discussion, frame types, baud rate,
framing, and protocols are referred to as “Protocol Parameters.” For purposes of this
discussion, the baud rate is the amount of bits per unit of time that are transferred by
a device. The frame type is the manner in which message packets are formatted to

25  transfer data between two devices. The protocol is the manner in which groups of

| message packets _aré organized along with “when” devices may send/receive pa_cketé
on order to transfer data between two devices. If two devices do not communicate
using the same Protocol Parameters, a first device will not receive correct data from
the second device.

30 Tofacilitate communication between devices, most devices include a Universal

- Asynchronous Receiver Transmitter (UART). A UART is an interface that provides
communication between devices. In contro! devices, protocots such as Modbus use
UARTS to communicate. UARTs may also communicate at any one of a number of
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1 Wc) 01/30038 PCT/US00/41103 baud rates and fram ng types. In the past,
if it were possible that a first device could be connected to other
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pi peline on the inlet si f the flowreter. The material is then directed

de o
t hr ough t hd1.868ue tbeSmith |oa6\ﬁ,ebmes1énb98&| AL arielis masarfiovenetep has pnparl ne
connect ed I [ | i e to
the 11 ow t ot e llbs i alcbhyelich Sra@nffontEhrBh: ESSh Bol b GLoREpraloiifR ' P
no nateri ab Gdriolis nassifloamptert has & lsetwknatural albratjipm modes aMudg mayf beoof a ube

oscillate with denti cal r .flow through
Che 11 ow t Bpioie Bahdis tarsiBal Plflrorsitna TRe et TBBPS 1 GingniescliR, Plbe
to 251gav eaﬁrdébﬁémeemt orﬂhaﬁ&:e\ee triatiras prdles! OTHY hgturd) Gibitatiore btiestdfghé | ow
tube. The phase on | et side of the flow tube | ags the dr|ve whlle
‘the phase WAratiAg, raater!ekﬂﬂeﬁaéstﬁ@a@ge d?ﬁ(@%ﬂlﬂﬁérbytg%ﬁ%@gg‘eémiﬂ oftaaifow
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e 1 o P 108 26 088 8RS BRCURBILIF 4 IDIATAG Shpmidanl
fl ow R0be ihe dutletsidebes. The sensors transmit the sinusoi daI signals to a
stgnal conditi %A SHVergf)%liessi ggf%l’ational force to the flow tube. The force causes the flow
tube to oscillate. When there is no material flowing through the flowmeter, all points
along a flow tube oscillate with an identical phase. As a material begins to flow
through the flow tube, Coriolis accelerations cause each point along the flow tube to
25  have a different phase with respect to other points along the flow tube. The phase on
the inlet side of the flow tube iags the driver, while the phase on the outlet side leads
the driver. Sensors are placed at two different points on the flow tube to produce
sinusoidal signals representative of the motion of the flow tube at the two points. A
phase difference of the two signals received from the sensors is calculated in units of
30 time. The phase difference between the two sensor signals is proportional to the
mass flow rate of the material flowing through the flow tube or flow tubes.
The sensors transmit the sinusoidal signals to a signal conditioner. The signal

conditioner generates parameter signals that indicate properties of the material flowing
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condi tioner generates paraneter signals that indicate properties of the
material flowing 2 WO 01/30038 PCTIUSOO 41103 through the flowreter. The
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20 parameters being used without losing data and without the use of special frames. -
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Therefore, existing devices may communicate with a device implementing a system |
_in accordance with this invention without modification.
A first or remote device executing the system in accordance with this invention
has a processing unit connected to a bus that connects the remote device to a second
25 orhost device. Aremote device is a device that provides a service or data to a host -
device to allow the host device to perform a function. A host device is a device that
determines the Protocol Parameters used to transmit data, receives data from the -
remote device and performs a control function using the received data.
When the first device is connected to the second device, the second device
30 transmits signals indicating data to the first device. In accordance with this invention, -
the first device receives the signals. The baud rate of bits in the received signals is
detected by the first device. The protocol and framing of the bits receiv.ed is then




detected by the first device. The protocol and fram ng of the bits received
Is then 3 WD 01/30038 PCT/US00/ 41103 determned by the first device. The
first deviwWweoli3008%en set to comunicate in the deterni nedPEHEEYMII03
Paranmeters. One manner in which the baud rate may be detected is by
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is.less than or _equal to n divided b On manner in - which the system may

. n d y 8. . )
det er ni ne whet hene manngnisiwhiehthe baud mte mayhedeaiestedis hv<datermiaing rng. |f
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devi ce then determ nes a protocol and fram ng being used by the host
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A first aspect of this invention is a method for a remote device to establish
20  communication with a host device in the following manner. The remote device
receives samples of signals from the host device. A baud rate of the signals from is
detected by the remote device from the samples. The remote device then determines
a protocol and framing being used by the host device to communicate from the
samples. The remote device is then set to communicate using the determined

25  Protocol Parameters.

A second aspect of this invention is that baud rate is detected by determining
whether a level transition occurs between two bits is received within a certain nhumber
of samples.

A third aspect of this invention is adjusting a sample rate responsive to the

30 transition bit not being received within the certain number of samples.

A fourth aspect of this invention is that the baud rate is determined to be less
than or equal to n divided by 8 responsive to a determination that the transition bit is
not received within the certain number of samples.

4
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than or equal to n divided by 8 responsive to a determ nation that the
transition bit is not received within the certain nunber of sanples. 4

. Thi s Shegyo lgpodcen Replaced | WO 01/30038 PCT/ USOQO 41103cTAssbésdtads aspect
of this invention is.performng protocol tenplate matching for baud rates
of n divided 8 and | ess responsive to a determ nation that the baud rate is
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that th 4 t
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i n 1 & poRsfvdeh @aﬁ@hﬂ"r@kﬁ@@n@h d\detefnif matﬂﬁtfﬁsﬁtdn%zﬁgh elvegnd n/4.
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~ An eighth aspect of this invention ist determnation o e protocol
and framlth@ﬂ‘iﬂweﬁélwmb%ft@(ﬁampfpﬁrform ng .protocol tenplate matchl ng

bet ween t he ted to ols. A
bet neen e AR Hplot R Wl R e S BB =RECL % £
- 15. rr;at cﬁ'anmgrmyay)bedommplehed Ih? paifthrl(mmmgamgﬂleaemﬁlbﬁ dhﬁtﬁihlﬁg der le%@hre?ds a
one of a i t r.ot oco ates and then reads, the sanmples o

si gnal s. ‘Tﬁf&pr@ "'}ésr aley 8915\adli“n’gr’%r%s@ﬁﬁé?gﬂaQﬁ@'ﬂ"@tpéﬁﬁ?@hggﬁpee

det epm neaet@geﬁe@ﬁa{ andhg. being transmtted in a protocol .of the one of
said plurality of protocol tenplates responsive to a match of the. one of

said pluralit "&I‘Q"BF @speel °fttbﬁﬂﬂ%ﬁf!§'9"a$181&tHed%ial’mlnétlom)ﬁf thecprottob andal s.
B T L At L R L
i Il ustrasamples arydstemplatasnﬁbnewﬂnbss inssuppented gnotecolsd to a renpte syst em 25
bt " o Bl s i SR R PB B SAG8 Sl o
may 15 enmteHing malyweadonein therfdllbingaaaniers Temrafidté Hevices Fedds $uké M
plurality of protocol templates and then reads the sar_nples of signals. -The samples
and template are compared and the remote device determines the signals are being
transmitted in a protocol of the one of said plurality of protocol templates responsive
to a match of the. one of said plurality of protocol templates and the samples of the
20 signals. o '
Description of the Drawings
This invention can be understood from reading the Deta»led Descnptxon given
below and the followmg drawings: _ '
FIG. 1 illustrating a system having a host system c_onnécted to a remote system
25 that preforms the setting of Protocol Parameters in accordance with the present -
invention; L
FIG. 2illustrating an exemplary processing unit that may be executing function
in the host system and the remote system;
FIG. 3 .illustrating a process for setting the Protocol parameters for
30  communication in a remote device in accordance with the present invention;
FIG. 4 fllustrating a first exemplary embodiment of a process form setting a
Protocol parameters in accordance with the present invention;
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FIG 3 . illustrating a process for setting the Protocol paranmeters for 30
communi cation in a renote device i'n accordance with the present invention;
FIG 4 il|lwetnsdozgg a first exenplary enbodi nent of a procREEUSMA4NHEet t i ng
a Protocol paraneters in accordance with the present invention; 5 This
Sheet Has Been Replaced | VIII W 01/30038 PCT/US00141103 FIG 5

i | lustrates an ElGddlustrates arcexemplary pfecessifondetgrrainingat proticoligsat! basedd

upon tenpl I 2. 6 illustrates an exgnplary Coriolis flowreter
t hat has aaé$%@&%%n§%{cp‘j@§r that perfornms the setting of franes and

pr ‘o]E ocol di n accismmm?tbm'té_sfart éb’tez?plamh_ riatis floanterdhatinas dsigdgélwehdi_ﬁmml a
preferred ex ar odi mept of this invention executed . a.sign

ond: 1 oneetRBHOE FBFPENG PHRBES AN BEStardl BrpceRua s it e senion: 3nd
illustrptes a sy qMusiatdsth O%@fe?ﬂ‘bd@x_@ﬁﬁﬂé@%rﬂ%dﬁﬁé&wﬁﬁ&ﬁv htidh dx@euteBr esent

invention are used to provi conmmuni cati on between devices. |In system 10
100, host b¥aisignal genditionasimafiasiglis fowametare devi ce 103 via path 104. For

pur poses of this discussion, ar V] 103 is a device that provides
a service or data to a host de |g§h?8q%%‘%®“ e host device to performa

function. A hosFiGleviligstrdted a systemdtdl inewhibAtprociisses lire abeoridance wiarthget er s
used to transmt, data, receives dat,g fromthe  renote d;vi,ce and perforns a
control fuREaSEBhinyentny agHsedda;nrey %&Pﬁ‘.m‘lfl'ﬁact'ﬁ@rh%‘f’%‘?n VIRt B 102

1S a devi C?O@,Qﬁist Hévies o8y @%ﬁﬂe&t@d%?@ﬂ#&%@hﬁ?ﬁb3@i£ﬁ%@i@( r?d?‘?)grpoDsEth ocol

Parameters and renpte device 103 is a device that nust use the processes

i n accor dantibismiseussionsairemete device 03ista devicerthat providepar sardce osdata tor der
to conmmunj : t | | a dat a
br ocoss) nge LSt atlicats! B g noSEdGAE 1 peifarh & itk hpst RedE dBo 1 4

renot e devdevicd that sety therRrbtode! Ramatciensiused totrang nitdata, recslvds daia fronmfthe m
functions includi ng prqocesses for c ni cation between the deyices. Data
br ocess ngrgaE Ry Ee Bnf REMaE 2 SoRFI CEdPR G nf e epveR-B JaNs AR 201
my B8 a RéfERYReM02ds HideviRBtRAISS pRigramimeditd ¢Brituritatsiat aqRedstemsined and
processors, that performinstructions stored in a nenory.

non-vol at i P etasalbajamelers ard mearle dayige N/B%%@gmmhatmsnﬁf;e é’g Pée‘éﬁﬁﬁé'e‘t ed to
oo patablordfcd e gl 8RR 206 Brbech Serltsy e
menory communicate with the host device.
FIG. 2 illustrates an exemplary data processing system 200. In this invention
20  both host device 102 and remote device 103 may include a data processing system
200 to perform functions including processes for communication between the devices.
Data processing system 200 includes a processing unit 201. Processing unit201 may
be a processor, a microprocessor, or grouping of microprocessors and processors,
that perform instructions stored in a memory.
25 A non-volatile memory such as Read Only Memory (ROM) 204 may be
connected to processing unit 201 via path 202. ROM 204 stores instructions needed
by processing unit 202 to operate data processing system 200. A volatile memory
such as Random Access Memory {RAM) 205 via path 203. RAM 205 stores
instructions and data needed by processing unit 201 to execute processes performed
30 by data processing system 200. One skilied in the art will recognize that paths 202
and 203 may include a common memory bus or an I/O bus.
Processing unit 201 is connected to path 104 via path 206. Path 206 may
include an Analog to Digital interface 210 if path 104 carries analog communications.

6




such as Random Access Menory (RAM 205 via path 203. RAM 205 stores

I nstructions and data needed by processing unit 201 to execute processes
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The si gnal s aFtGs8dliustrates the bmi:éac 300 eMeehtedOBy alfeendteideviceysdtethe -

register oC sso an ffer.in an. interface such buffer 215 sﬁown
. ngFI G 2?"%‘?09'?"‘% fevige wses tecpawnunicates witha hastdeviesn t he

signal s Frecsd 300 Eéﬁﬂ'ﬁsﬁhfsftéﬁ 301 WitRthd F@no@%é@nd’e%@eu\rﬁgﬁﬁlﬂrﬂﬁ% hddle

rem)te devi ce determ nes the protocol and framng e si. gnalé are
sent18 n gevigeadhe ﬂml&@ﬁ@t@ed@w@yffeh@rstqeaeh‘ﬂmlnuﬁemmwhe Qeglstarstnhe

~ Prot ocol afﬁa@&b%ﬁb&mnnanatéma@gag 5?%%%@; Bsaﬁhg“a'- sin

the buff I n step 305 and process rocess
400 whi cIﬁeragteafﬂ\e\ec@dpﬂems)therblaud|Momﬂha5|QBMGmdﬂnrth@buffer nAfiter thée st eps

of procepgud e s Qbrihdd, the ambte Wit JABrRHES e protocol and framing in

which the signals are sent in step 304. The remote device then sets communication
20  inthe Protocol Parameters that the remote device has detected from the signals in the
buffer in step 305 and process 300 ends. |

FIG. 4 iIIUstrates a process 400 which as an exemplary embodiment of a -
process for performing the steps of process 300 shown in FIG. 3. Process 400 begins
in step 401 with receiving samples in buffer at a maximum rate. In step 402, the

25 remote device determines whether a predetermined level transltlon between two bits
occurs after a certain number of samples. :

For example, the start bit is a known bit that indicatés the beginning of a data .
frame in any frame or protocol. If a level transition between two signals is received -
in the certain number of samples, the remote device deterrhihes that the baud rate is

30  northe maximum baud rate and n divided by 4 (n/4) in step 410. This is because a
baud rate of n guarantees that a level transition between two bits cannot exist at baud
rates less than or equal to n/8. Therefore, the maximum baud rate is set at n and
minimum baud rate is set at n/a,
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in step 401 with receiving sanples in buffer at a maxinumrate. In step
402, the 25 renote device determ nes whether a predeterm ned | evel
transiti oW®eYIeWn two bits occurs after a certain nunbe®CHUSHMIPEs. For
exanple, the start bit is a known bit that indicates the beginning of a
data frane in ?ny frame or protocol. If a level transition between two

|
signals is recd 9&8"”#@@#@%@?"?"&??\ tWQrﬂi@risd?Ot%?ﬁt% n ¢he pF e ce
det er m nesyjfgdy df&sméﬁnmo@ e &n%teuaﬁcaaétémmeagus& thé‘bﬁ%xd’r‘été i

divided by 4 (n/4) in ste _This is because a "baud rate of n
guar ant eesn/Bratless.| iy erder tanegcejverthe sierded signalsothessanapla Jatecl gignals i»aud

rates | ess_t: 6. ' S, set at
nand | R8T s, [ thid danablThe biing o GodB SN RAHE HAE T 25 )
01/ 30088 Pgakinimd bddd Bite is thea sedabh/8tamithetminimum is\setrio theminimem bauxbt
detected in,the reai et[.‘m' ned{?gémber, of s les in sfe, 4,402. The renote
devi ce delfaf?ﬁ‘ﬁ%!@"@ y the zepotedevigein;step or less. In order to receive
the needed si greper stej4 PREPSBP YRR WHith SetINE hfaxinfumAMdURInARuMbatitdGBtes2 .

Thi s changes the amount of signals stared in the buffer. The_5 maxi mnum baud

rate is thanroutine far dgtermine the,exagt firetoael Rarameters is perfoimedruibisJauting at e
supported . ; j: ' 2 ] 2
ohion sor At 8558 R RHGF AR Hahing 1€ ekebudd B e nBimBhtRadt? |
exact 10r otraten| IfP@ceorkaace with {his inventimh, artemsplateuisi astored girrgenerated dife 430 i n

which template matching.is executed, fqr the maxinum bau 0 rate.. Ln
Accor dancanabRGEXPecE raRe s oL Srtinc i B8 Pl tadiohintfh | o
i ncl udi ng @ipRfe pehtth GAASItIOMTA thefilepiid tefipldte nsabidses. | f the expected
transition in the tenplate match transitions in the file, the tenplate

mat ches. An exdAfxanyie olampiate matshing prifosmed instenrt3¢is liwptrated in process

il lustrat T FREE Oyl '
pr ot ocol :‘%bdt' egcurrzﬁ'%ugbrtgﬁkgﬁ% Sﬁto%l%{t?}hee éqgﬁépga?r@%mgt%#er,

the bafd rthesignals inithe buffer, halbaudmte fordbe remoterdevinedis sehicthednaximem n st ep
40 e Nl AT 8 ALY oSS! gl i hACR ool AR
are not dehatchingaemplate incgted 3@/ antderocessM00 enalsd i the protecaieindtmudhatec ur r ent
dovi ce det35P APFRRLSTPIBER ot steh A0, 408 MR AN Bapc el a3t fodBe Sumepl R mum
baud r at e.diifled bg tWRQUANT) iAstep 481 IS | ess minimum baud rate then the
renot e device indicates that the Protocol, Paraneters are not supported
20 In step 432, the remote device determines whether the maximum baud rate is
less than the minimum baud rate. If the maximum baud rate is less minimum baud
rate then the remote device indicates that the Protocol Parameters are not supported
by the remote device in step 432 and process 400 ends. Otherwise steps 430-432 are
repeated using the new maximum baud rate.
25 FIG. 5 illustrates a process 500 which is an exemplary process of template
matching performed in step 430 of process 400. Process 500 begins in step 501 with
remote device loading templates for the supported protocols at the current maximum
baud rate. At this time the templates may either be generated or retrieved from a
memory. In step 502, a template for the current maximum baud rate is read. In step
30 503, the signal stored in the buffer are read. The signals read from the buffer are
compared to the read template in step 504. In step 505, it is determined whether the
pattern of signals read from the buffer match the template of expected signais. It

should be noted that the template only matches certain signal in each frame and does

_
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byt he renote device in step 432 and process 400 ends. O herw se steps
430-432 are repeated using the new maxi num baud rate. 25 FIG 5

i 11 ustratweg ogsgesgcess 500 which is an exenpl ary process ofpCrarspb/suies

mat chi ng perforned in step 430 of process 400. Process 500 begins in step
501 with renote device |oading tenplates forthe supported protocols at the
“current neotiatch albpeint. Thisds bétausb itise franme cohtairisadgia bit edicheoannbt bematoh "

Cirront - iRt isteee e bfrbeie, A tortaRhiPeps bl B SR aiatd | (ne.

buffer argopepsl. The signals read fromthe buffer are conpared to the read
tenplate in step 504. |n step 505, it is determ ned whether the pattern of
signals read fif signals, #e ot ragtch thactomplateainestep $03,dheJematy davice | ¢

hould b ' Seorhal | i eh f .
and. daes DiEifles ActRR MdrE AR othe: RiMplatR v EREIEROIY CormdRdin sepSaPN 11 ame
-PCTI USOQ I thepe arenmorerteroplateis| to gcompare proaess ds tepeatedfromestep 862. Hfdherei ns -

data bitwhi.ch cannot tch el . e te _ enpts to
mat ch knd¥f %nggt&m?ésgzﬂ’é??s%ﬂds&ﬂ% If tb?f?ﬁ)‘ﬁ%% géé% ?‘%t@hgﬁgﬁﬁﬁe 0 not
Wﬁt ch thestéﬁﬁuﬁ,ame r'ernoté devicébsett like ben%iatethi\théegrrénﬂmaamm%umlf ﬁr o
there are other tenpl.ates remm to be canpared in ste . t here
are nore Q%?mgﬁo MQ@&OL&J&E@&“P@@ %ﬁ?@@%%ﬁ&bg@%fmﬁsst her e
are e "¥d) theArnakes. process 500 ends. If the signals does.match the

tenplate In step 505 the renote devices sets the baud rate at the current
maxi mum baud rQnetypawfideyiee thad has electronicicompanenptsthabean uge thelgaudiratebei ng

conpar ed }J 08,5+ S 0.t S y ofa. L &ent hat
has el ectérdobn?’%oq@%orﬁrp%rtltéﬁ g?ﬁ ﬁ'gt m%%"r@&s'es Fﬁgoﬁgfédﬂ?vgﬁgtéraﬁGer ogﬁ%‘kﬁ%get ting
of this iexemplarynCorplis flowmeter & ¢comprisihgia Eofivlistfiioimmeteraassemblyrh0 aangd :

Coriolis flo ter 5 Lsing.a Corjalis fl t.er assenbl 0,and neter -
o ect r oniDelbBecipis 20 Betsaitbnizs 200s et derisRiAmatoon 186y |10
;/i? lié Paidth éﬁ@]gdl ﬁopm\t{cdﬁeitﬁ?ﬁﬁéstfbw fﬂé,&/toihd'ng%/ﬂb@zﬂtgo anel t:d@iz?dl! mas&;ﬂbw and -
otalized pass.flow info i gn _oyer pa rioli. Q) er
st ruct ur dnfoEmatiqn oveg pathy éﬁgglfgﬁq'f"',s gﬂwmeﬁerb%t%'ﬂ&r'érﬁestcﬁg?ﬂc?ggg‘éﬂ'i‘ Medin
the art tdhyuld BE dppardiitiio ithosNskilsl fiPthelark® thatthaGires&ist ihvertioh 61Ad iben Wit h
any apparatus having_ a vibrating conduit to neasure_ properties of material
f1 owi ng tRTRelsed inrreniunstion with any-apparatug haying ayibrating, cgpduit to measure '

properties of material flowing through the conduit. A second example of such an

20 apparatus is a vibrating tube densitometer which does not have the additional
measurement capability provided by a Coriolis. mass ﬂonéters.

Meter assembly 10 includés a pair of flanges 601 and 601, manifo.ld 602 and
conduits 603A and 603B. Connected to conduits 603A and 603B are driver 604,
pick-off sensors 605 and 605’, and temperature ,sensbr 607. Brace bars 606 and 606’

25 serve to define the axis W and W’ about which each conduit oscillates.

When Coriolis flowmeter 5 is inserted into a pipeline system (not shown) which
carries the process material that is being méasured, material enters flowmeter
assembly 10 through flange 601, passes through manifold 602 where the material is
directed to enter conduits 603A and 603B, flows through conduits 603A and 603B and

30 back into manifold 602 from where it exits meter asser’hbly 10 through flange 601",

Conduits 603A and 603B are selected and appropriately mounted to the
manifold 602 so as to have substantially the same mass distribution, moments of
inertia and elastic modules about bending axes W-W and W'-W', respectively. The

9
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20 apparatus is a vibrating tube densitoneter which does not have the

addi tional neasurenent capability provided by a Coriolis. nmass fl owneters.
Met er asseMfP §1/30838 nc| udes a pair of flanges 601 and 601", BEERSOBHHOBE02 and
conduits 603A and 603B. Connected to conduits 603A and 603B are -driver
604, pick-off, se S 5 and,K 605", and tenperature sensor 607. Brace bars
606 and 606%N 2@5 5@85&03% @8??‘?18”%"%@%“ e manjiold,innan egsertially perliebndui t
osci |l | at es.fa¥ligh. Coriolis flovvrreter 5 is inserted..nto a pipeline system
(ngt shown) which carries ‘the process nateri al that is bei ng neasured,

material enters COWPSWM%B%%W%H byiriver 6Q¢h oppasitedisectionp abeutsheinr ough

fold 6 wd
5038, 1 | one e S HoAGINEPRRl W 9h3 WbhE St hal s Tty AT bt BP A&,
f r om whér e bending mdemféhe ﬂewmemery Deverr60dugiayfdonmurisecdrly one Gb neanytwelF03A
d 603B el tel ted t fold 602
o have. su e HnOments. 33588 AeBadnel isted B condutBosd R an pasing an
el asti c nodidilesoitedio it 03B tHVoupﬁwmbﬁfx M\&eméﬁﬁg{)&ﬁ’rér\t asseAor 9
This Sheet Has Been Replaced [I11111]] ITIErrrreTr -1 01/30038

PCT/ USOQ 4 Myating: awamonsum I suitahie drive Rignalis aaplid by meten electranicss 20t i n an

essenti al |y on. Conduits 603A-603B are driven by driver604
i n opposi tedrﬁléfgd();f{% af(ﬁgi(}?u their respective bending axes Wand W and at
what i $0ternmed Pirk-6ff sensomib0Dand6OS are affiked th atgeaamhaeaulf cotduifs| 60BN .

magnet moufiooN TEommsig s e Gindl W i Beueelnen REBREERVE. AAG |

603B and tmondmhsm-603lamb@étée,rmat~bfﬁSewm 605-605' gunerdtd affRst piok-66f §i§h§lg bot h
conduits. A suitable driv is applied by nmeter electronics 20 to

driver 604 apAP ﬁ%?%deale'm%@lw kTmﬁ@%@&%FWlﬁheﬁmafﬁa@ appliedcle to at
| east one_oaueiuinids £ Bnit) I QBIopRPaghads BBfiRed o pdiflgrgondul t to

measure oscillation of the conduits co vi br at es,
pi ck-otd sensor SeBVsrAYE sepsABOy is affifedrtotat jsaskoné ordujhB3A andlon6@38 ond

a7 aS R Bl HARLSRLA RO b,
610. equations for the temperature of the system. Path 612 carries temperature signals
from temperature sensor 107 to meter electronics 20.
Meter electronics 20 receives the first and second pick-off signals appearing
20 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 assembly 10. This computed information
is applied by meter electronics 20 over path 26 to a utilization means (not shown).
Itis known to those skilled in the art that Coriolis flowmeter 5 is quite similar in
25  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
utilize only single feedback signal since a density measurement requires only the
30 measurement of frequency and a phase measurement is not necessary. The
descriptions of the present invention herein apply equally to vibrating tube
densitometers. -
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15 Tenperature sensor 607 is affixed to at | east one conduit 603A and/or
6038. Tenperature sensor 607 nmeasures the tenperature of the conduit in
order toWoHPP8 equations for the tenperature of the sysPEMMUISI1I03G]2
carries tenperature signals fromtenperature sensor 107 to neter

el ectronics 20. Neter el|ectronics 20 receives the first and second pick off.
si gnal s appeall. s ibyention, thasmeter elgatonies 20 are phwsicalle (djvided: tinto 2 :

el ectr On'béﬁlpaﬁetﬁt&%clﬁa!;] 8§stehe700 594 aaﬁyﬁl ESﬁﬂ]ﬁ&méf'ei'di(‘th%é’itsﬁé% frolIng MUt € .

the mass flow rate, the density, or er property mat eri al passi ng,
‘through heshsystem 709sdmspvertionatinetes sinstropits; thiese catiponentssarefholused by
neter el geopPonies 20 over path 26 to a utilization neans (not shown). It is
known to those skilled in the art that Coriolis floweter 5is quite

si mi Bar in . 28ignat conditiener04 includes idrige tairoaitryeT andrpicktoff YbRdiaéning t ube

i the. cBtality 720 Ol skigtin ot sl sRebebize et b arlvaiicanve crauine 781 o |

Vi br at i ngnd yivk-6f¢ @6hdiEORINGdircaitso7 2T RiyYbe ' ' ' b9 the
conduit to \%rtat e. Vibr atgi néutﬁ(l;?e denagi to?reells.léer ??@%ﬁ%%&ﬁé Sﬁﬁfzggonl y
e

singl e f ERRATAIIUBCHINS Proyided Dy adligital signaknrecesserer othergigitalcompopentse 30

measur e ko fi | S..N0t. SsarVa..dhe
doscr | pt Pbe EheUify AV Beerdlés 4aRne SEnaRARLBSHTES ne B0Vt oGBS GRYond g

t ubd0 devigipainét @ of pathh$Q0. Sicactusiity, [athrv 1Reiplaafirstiand a\¥8cOAd 3 SDrive "
PCT/ USOQ,,; : | S, 1 I on he.nmeter el.ectroni.cs .20 are physically
di vi deﬁ'#‘i‘@“cddgrp"éﬁ{é‘i‘l@%R’Hyﬁ@?@‘?ﬁﬁ? 9'68‘° r?dp'!?t‘ o %H'"'%ﬁml{'%?iﬁ 701
that is viepathe713.0Rathti®l13 dilows drivetcieuitdQo rﬂxdhifé?mé?ﬁkbﬁﬂgj pitRbf'signals =
el ectron%cs. tt}ﬁse corgorﬁnt are housed .in one unit. Si gnal condi tioner
701 i ncl QRushtnG Srve signaly >PS°M§5 t peprtedriyercireyiter £10band pickeoff signal y 720.
One ski | ¢crditionird Girauitty 790 is SUPPRE M Kdk's étgnﬁfédlﬁh'aiﬁrs%lrg%‘i'én%% try 710
and pick-off conditioning circuitry 720 na¥ e separate analog circuits or
may 1Be  S8C9BA NI £12: drisstwire fild\andesecond wirei7g2ineay be g pait obacopeandional ot her
di gi tal TR0 | g kLl 1Q: ates a drive signal and
applies %@H?ﬁ?@?%ﬂ?ﬂé’%&géﬁ%% raé.gﬁjp%g%\%pg path 710 of path 600. In
actual i ty, pdtiek-gffsignsl confitioningoinguitryy@0 ceckivesdinputBignats frarn fiest pickyoffL0 i S.

ook (0 NSRS, 0 e B FBPbO SRS LG Bt BreY
pi ck- of fPick-gffalirsuittyd 28djetetminbs thi frequenayrafithe Biokesff SignalBeirt Magbisee
oAl o b o8 ot 8 b el 1oy Toiugh sobehs 883 80oh  aner e | ¢
frequency of the input signals from pick-off sensors 605-605' and properties of the- o
material are determined, parameter signals carrying this information are generated
and transmitted to a secondary processing unit 750 in host system 700 via path" 721.
In a preferred embodiment, path 72 1includes 2 leads. However, one skilled in the art
25  will recognize that path 721 may be carried over first wire 711 and second wire 712 -
or over any other number of wires..
Host system 700 includes a power supply 730 and processing system 750.-
Power supply 730 receives electricity from a source and converts the received
electricity to the proper power needed by the system. Proeessing system 750
30 receives the parameter signals from pick-eff signal conditioning circuitry 720 and then -
may perform processes needed to provide properties of the material flowing through -
conduits 603A-6038 needed by a user. Such properties may include but are not
limited to density, mass flow rate, and volumetric flow rate.

Thi - eet Has Been Replaced

[T




15 second wire 712. First wire 711 and second wire 712 may be a part of a
conventional 2-wire, 4-wire cable, or a portion of a nmulti-pair cable.
Pi ck-of f SW@@B008HNdi tioning circuitry 720 receives input REHBI0MINBOom
first pick-off 605, second pick-off 605, and tenperature sensor 607 via
paths 611, 611' and: 612. Pick-off ci rcwtri/ 720 determines the frequency
of the pick- of findhigcantiguralipn.gignal canditionge @t isiatemate device eempiunicatinger i al

flow ng t hM!h'EBstCs‘)QM 160 WHBRISPERostidvice al &W?c?fde{é?ﬁmiéﬁ%

signals from pi ck-of f sensors 605-605 and properties of the erial are
det er m nedf V%Mnﬁﬂr@meéﬁ%fgnﬁlaé host system tm)iosls usingntst icomnaunicajene Sigrad  and

e Z%ﬁ@@ﬁfz {4 sBERCcomMfic B! dt e HeteimMee Pl Baditastrs” o
skilled in the RIG 7ﬂ!ﬁsﬂmﬂebarpwfegedenembhtymbéss7e’&bcﬂﬁn Hy%:gmlédr@mdné?r
Lost syt cT0H by a0el Ga dle Yol determine 1her Brotankh ape feasaiag %%éidesv& o,
Power supppiotdod Fa?&ﬁéfé%f&'c%ﬁirﬁurﬁbéﬁbnf 1h‘%§8c6ren?‘?|'c<‘{é%thaﬂ% 514 S fuhxﬁﬁ 98 i ng

received electricity to the %& power
syst em 750P0¢eseE)0/beginsin siep Afet by sgttnggal sanfiple maqeufoukreoeimm sigrals into

o &3 e G A Y 87 5 e

neededOby received mttStl’lebqffenpert ies may include but are n(r)]t Islhm teﬂatoB
density, mass flaq u rate. 11 Thi s eet S Been
Repl acgd rrrm %Pﬂa’bﬁi tth?'PP%F? Fei’lel FP'°§R§° suppeted ferrinegoaximumpbaud n t hi s

confi gur atrate,aré lc@ﬁ%bré&t&ﬁthbls’lﬁ?ﬁls étoted merm;ems@ :eemai}%%m with
host system 700 wh%J 4s the host device. Signal coitt taoner

det er m ned&tgrnings whethsr opg of the templatesimatehes thessignaly d)‘Dthesbllfﬁimg ste]D
comuni cat£zg3Si 1¢ sngﬁﬁﬁ%éﬂcﬁr?{eﬁ@%&t Q@;’ﬂa{ ?o orte? s%m c§h Q’E?PTSI ary

det erm ned Protocol Paraneters rates a pre err

procetd em'@p@lcpftﬂye targpiate maighied and sets the batid rdtettethe mMaxirhamdavudtrate
determ ne; {‘g ocol and fram ng used and set the Protocol Parameters
for comruni calpl on'in accordance with the present invention. Process 1700

begi ns i n st eplfti@dighals denbt mgtch aslgﬂfﬂﬁetémbhtémrﬁh@m)?ﬁnﬂ& b‘dtﬂﬁigsthiegt 0 a
e 2L bl obl o P RE i B e b by v ok e or
the protodghe. swpepri7ad, sighalldoRdiiBnen?on 8étefmines whether the maximum baud
20  rateis less than three times a minimum baud rate (3min.). If the maximum baud rate
is less than three times the minimum baud rate, process 1700 indicates that the
protocol is not supported by signal conditioner 701 in step 1714.
If the maximum baud rate is not less than three times the minimum baud rate,
the signal conditioner adjusts the buffer to match the new maximum baud rate in step
25  1730. An additional n divided by two samples are then acquired by the buffer in step
1731 and process 1700 is repeated from step 1703.
The above is a description of a system for setting the Protocol Parameters for
communication in a device in accordance with the present invention. 1tis envisioned
that those skilled in the art will design alternative systems for setting “protocols/UART
30  parameters” for communication in accordance with this invention that infringe this
invention as set forth in the claims below either literally or through the Doctrine of
Equivalents,
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rate are conpared to the signals stored in the buffer. The signal
conditioner 701 determ nes whet her one of the tenplates matches the

signal s wowmBesuffer in step 1703. If the signals natcPGI/USMHBe,

signal conditioner sets the protocol to the 15 protocol of the tenplate

mat ched and sets the baud rate to the maxi num baud rate in step 1720. If

t he si gndVhatds claimethisch any of the tenplates forthe maxi mum baud rate, the

maxi mum baud gatae,..i : mag i M ; 2) in ..
step 1710. IIE’II' é@%ﬁﬁ?wgp‘ﬁg? conglgl‘%m)%%%ag?éeﬂrérﬁﬁﬂ@@" e %gr%t he
maxi mum lachasbt devica(t02)comgsisingthe stépseef: ti mes a mini mum baud rate (3mn.). .- .
I f the maxi nmu ud rate 1s,less.than_three. tines mni drate, =
process 1700 ﬁ{gﬁléﬁ?@émg ﬁﬁ?‘?&%"sfs%?'l??%%i" '?%St HSY'QE@SL@H @(:b%r&? al o
condi ti oner 7@303)detdcting bibabd rate bhsaidsignalyfrdiawdid sdmples; not | ess than o
three tinmes the mnimum baud rate t he sjignal condjtioner adjusts the

buf fdrto mat c k304 determiniag iaeretassl and draming being usediby fagomminicate B¥onal n
di vi ded %E}O,\‘pstagqﬁég?o%rf ,ﬁggﬂ %|é§.eéj1&)y the buffer in step 1731 and -
e

process I's repe rom step 17/03. The above is a description of a
system for se(305)getting saicnemnte device (£03)te communicatewsingsaiddeterminedevi ce

i n accordance Wt R ] [ 1t is envisioned that those

skilled ipﬁorlpﬁ(é’ a&d{f%ﬁp %géﬁ%eté%g:ﬁr%g?{}etg‘syst ens for setting

"protocol s/ UART 30 paraneters" for communication in accordance with this

i nvention that infringe I.S- .i.nvention as set f I.n the clains hel ow .

either literalty hSrm?tﬂP%kgﬁiPﬂ@amam%@"§9'de§fﬁﬂ?%gﬁagtecﬁﬁg ?"Hp?aﬂaeet Has

Been Replrg{@%,ﬂpﬁggg}ﬁég QF11111111 | WO 01/30038 PCT/USOO 41103 What is -
1

clainmed is: A nethod (300) for a renote device (103) to establish

conmuni cat i on(402)ideterining whethere leveitransifian baiwagn twe bifs seeeivad within 1)
receivin %g}fgﬂl éHi!(? m host device (102) in a buffer (215);

(303) det%ec | ngﬁgmgéﬁéf ra éér(r)l fe%ai d signals fromsaid sanples; 5 (304)
determ ning a protocol and fram ng being used by to comruni cate by said
host device (10 f ' ; Wgr 3 1 ' : evice . .
(103) to conﬁhﬁﬁ@gmomeggsﬁaé@?grm ngg‘ Qaﬁp)rjost?%%gdégr?gakﬁgnﬁ@'g}eqsai d. -
det ect ed comptiseatite stdps 6fie met hod (303) of claim1l wherein said step (303)
of d:et ecting iﬂﬁ a%ﬁjus%ng a sample rate responsive to said level transition between two

bits not being received within said certain number of sar‘n_plés(

4. The method (300) of claim 2 wherein said stejp (303) of detecting further

comprises the step of: _
-(420) determining said baud rate is less than or equal to n divided by 8
responsive to a determination that said level transition between two bits is not received

5  within said certain number of said samples. -

5. The method (300) of claim 4 further comprising the step of:

(430) performing protocol template matching for baud rates of n divided 8 and
less responsive to a determination that said baud rate is less than or equalto n
divided by 8.

6. The method (300) of claim 2 wherein said step (303) of detecting further

comprises the step of:

// .
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rate conprises the step of: (402) determ ning whether a level transition
between two bits received within a certain nunber of said sanples. 3. The
met hod ( 3¢ oxoossl ai m 2 wherein said step (303) of detect irQTHSnMIIO3
conprises the steps of. (421-) adjusting a sanple rate responsive to said
| evel transition between two bits not being received wthin said certain
number of sanpl@40) determining teaidi ba80d Oatenfis betweare nwing a4 respansivecty @303)

o 25 2 RIS o ] B L Bl L AN MR o,

that s&@ d kgmplestransition between two bits is not received 5 wthin said
certain nunber of said sanples. 5. The nethod (300) of claim4 further
conprising the step of. (430) performng protocol tenplate matching for

baud rates of diThe d r t oF dettdni t said
baud rate is Ig?ssrrrhgﬁéigﬁgg%ba) f;%(‘l;aﬁ'tg @gﬁs@ R 8@(4*@)The met h rﬁl'gg‘(égigo) of

cl ai m 2 whprodeeel gaddramlr@cqmgesjewe@&m@fu ng furt her conprises the step

Vgt wsbingenindaiebittialts eie aTor S PorP belii e Bl - |

rate i s beh\mdm/‘ﬂ and n/4 responsive to a determ nation that said
transition bit is received within said certain nunber of said 5 sanples.
7. The nethod (300) of claim6 wherein said step (410) of determ ning said

protocol and fr@nMrRg nfdRed bF&SIm Dvheran said stéﬁ‘@ﬂéet@ﬁﬁ’hﬁfgr%m pfb’t@éd’@ﬁh
tenpl ate matchi ng for suggorted baud rates between n and n/4. 8.

met hod of ﬁ’ﬂ@iﬂﬁ@%eélf s®@pPfst ep of determining said prot ocol and
(430) performing protocol template matching between said samples and

templates of known bits in supported protocols.

9. The method of claim 8 wherein said step of performing said protocot and
framing matching comprises the step of;

(502) reading a one of a b!urality of protocol templates;

(503) reading said samples of signals from said buffer;

5 (504) comparing said one of said plurality of protocol templates to said sample

of signals; and

(505) determining said signals are being transmitted in a protocol of said one
of said plurality of protocol templates responsive to a match of said one of said
plurality of protocol templates and said samples of said signals.

10. An apparatus in a remote device for establishing communication with a
host device, said apparatus comprising:
a processor (201) configured to (301) receive samples of signals from said host
device, (302)store said samples, (303) detect a baud rate of said signals from said
5 samples, (304) determine a protocol and framing being used by to communicate by
said host device from said samples, and (305)set said remote device to communicate
using said determined protocol and framing at said detected baud rate.

Thn Sﬁﬁﬁﬂﬁf lilrd 1 ‘R A



fram ng conprises the step of, (430) perform ng protocol tenplate matching
bet ween said sanples and tenplates of known bits in supported protocols.

9. The nRidyiBesss Ccl aim 8 wherein said step of perform ng BeTASgra@col and
fram ng matching conprises the step of: (502) reading a one of a plurality
of protocol tenplates; (503) reading said sanples of signals fromsaid
buffer; 5 (5041 anmpangusafdlaundommrand:qd pmbssqnsfurmemtcooﬁguredhpl ates’

oo B ol DT o2 SR g 4Pl s e "0

t enpl at eSg cylecéﬂaih ricmhlsdr oflsaltdaples. of said plurality of protocol
tenpl ates and said sanples of said signals. 10. An apparatus in a renote

devi ce for establ i shi ng comuni cation with a host device, said apparatus
conprising: a4 fi GyHetint<did BobbsE&G§ futthet 2BRfiglred to |
signals from sal ost rée\g/|1%((a.'l%i}\‘3302)sto'r"e éal d sgrrpl es, (303) %gt ect a
baud r at edetéctssdid baugneates b(vruﬁmmdmstlag saspmple rateoueppaRsive 1tp rraid lguebt ocol

d f t d
ol co. EREMESIYEE Sk pREREHE G Yy AU R nUIRBLEGH Sdrilbe™
determ ned protocol and fram ng at sal d detected baud rate. This Sheet Has
B Repl d 14 11111111111 1111171111 11111111 I |l 1111 111 .
COTt oF W0 01 KesARRErANS SRR 0] WhaISIT Sl BSERSRNIE TeE caigBd e i
sai d pr oCGEseQsqic béud Pé}erbw(]aﬂb) setéﬁﬁmirfg §H18 ®alid aieds isesthantdr dgual to n |

(402)determ ning whether a level transition between two hits is received
by a certdawdedlhytﬂeresvpnguedogawesamah@ thatsaid ransitien biiis crecejved Saiher ei n -
sai d proc gured to detect said baud rate by (421)

adj usti ng&iﬁaﬁgnb'ﬁgwéﬁeﬁ‘?ég’ﬁ'@%ﬁ ve to said level transition between two
bits not being received by said certain nunber of sanpl es. 13 The

Gobact sai d bt Tha apastus'st Pt aPieBRG o phopiid Wiy iR cofiageald
equal to @3oypetferd ddaotoaormmatel metdmugafaieﬁazrmes Iof)rm dividkedstiandt lessisi ti on
bit is received sai nber 14. . The

cl ai m 13 REPRNYS ©up eetBrDiaUGR haF sar pppt SRl REP Buartor el o, Bouie B4

protocol genplate matching for baud rates of n divided 8 and | ess

<

15. The apparatus of claim 11 wherein said processor is further configured to
detect said baud rate by (410) determining said baud rate is between n and n/4
responsive to a determination that said transition bit is not received by said certain’

number of said samples. -

16. The apparatus of claim 15 wherein said processor is configured to
determine said protocol by (430) performing protocol template matching for each
supported baud rate between n and n/4. C

17. The apparatus of claim 10 wherein said processor (201) is further
configured to determine said protocol by (430) performing protocol template matching
between said samples and templates of known bits in each supported protocol.

18. The apparatus of claim 9 wherein said processor (201) is further configured
to perform said protocol matching by (502) reading a one of a plurality of protocol

" S




responsive to a determ nation that said baud rate is |ess than or equal to
n divided b 8. 15. The apparatus of claim 11l wherein said o) ? ris
further cOMPOYMBY to detect said baud rate by (410) det e?#’ﬁ?‘ﬁé ’z"gl d baud
rate is between n and n/4 responsive to a determ nation that said

transition,bit is recegived . by said certai unber of said sapples. 16.
The appar alSTPIafES . {a0B)reaing, said sambles of sidgialk, 4504} orpRaring AL gn & aid
determ ne pRdlitpsoprofebl feynpidtedto v&id sanpie of ﬁ?ﬁé@?ﬂﬂld (508) determiriihg Baigg f or
each supported baud rate between n and n/4. 17. The apparatus of claim 10
wher ei @ safi@n@gis e being ‘Q’M*ﬁgg 0 grrratocol ebsaid pnecef said @BF&P%%@’%‘HFQI
protocol b } epael HC {éﬁﬁ i

. sanpl es an?éégn%%gﬁghgi? %&n%mnﬁiﬁﬁg!dné eacﬁgfgﬁpg‘%pt?gjagj}%%col .Qtlegéhg'he
_appar at us s#idshriptesoofigaist igpalsai d processor. (201) is further configured to
perform said protocol matching by (502) reading a one of a plurality of

. protocol This Sheet Has Been Replaced 15 1111111111111111111111111

FTUU LTl *CbM 11~ W 01/ 30038 PCT/ US00141103 tenplates, (503)
“reading said sanples of signals, (504) conparing said one of said
plurality of protocol tenplates to said sanple of signals, and (505)
determning said 5 signals are being transmtted in a protocol of said one
of said plurality of protocol tenplates responsive to a match of said one
of said plurality of protocol tenplates and said sanples of said signals.
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