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PROCESSI NG SYSTEM | NCLUDI NG ONE OR MORE DI G TAL FI LTERS Backgr ound of
the | nventign 5%0& Field of the Invention The present invention

rel ates to" 2B]r0 WEE; ng system and nore particularly, Ptcér/%?qsf?i"f%g
processor operation in a processing systemincluding one or nore

digital filtersopiivaZISCRROEESSUR GCEERATIONIN A PROCESANG SYSTEM
flowreters typically include a processing systemthat operates a
driver to vibrate a fmﬂﬁéNﬁngﬁﬁﬁMﬁgéEmTﬁlcﬁle RSensor
signals in response, processes the pick-off sensor response signals,
and communi cates with external devices. The processing system
processes the pick-off sensorBafisiienaa of tigykvensién order to generate
15 one or npore measurements, such as one or nore flow

char actPer i ktXigd of thec/nyerdiosr nore flow characteristics can include a
vibration freq A | | i ,
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density, wpsieosingyprocpssesspuretionaind @bisiag sydtan pichaBss bigoraysiealigieadn
receive a?ﬂ digitize analog inputs. The digitizing 20 may require
sanpl i ng #{¢he anal og signal (s). The processing systemruns at a
fixed clock rate and sanpl es the pick-off sensor response signals at
a fixed sanpling rate. According to the Nyqui st Theorem the sanpling
rate nlst heStatemeragithd Mrobéert he frequency bei ng sanpl ed. One

processi ng sys |Jjcation is f.l ter, such as vi bratory. .

[l ow noter. 35 IRGREY the it sdsly ingideamiosesingey Bnapaigrericd o driver
vi br at i ongl, viirgtealfiovaimsk ﬂ@élﬁlﬁlm ResvEd ﬁ%%ﬂ%ﬁnsﬁ‘)‘i‘@gﬁﬂ@%ﬁres onse, processes
characteristics of the vibrational signals, anmong other things. In

t he past, thépickardisensy repoesarignalre end senmanicateh vith eateonad devicesgudecy

t o accommudat e .vari ous nodel s, of .f| o%et er s, i ncl.udi ng’el 3W tf reguepcy
f1 ow et erfSCENYORPGHFE PRGEERE P PIdup hatisPLTOsRensg Sighsls BLorgshie gegrate
eCoNnomisC IR ffre SdGdur@serits) sastPistoriche nafle MRAUThatkieriking. amd ohk A€ kiohd
of multiple nodels of flowreter electronics. Typically, the sanpling
rate has Hlnchasctegistios crmonelede 2 vibiration freurney) a phgsedéiierarge aritisaat or y

;Bg%&ig%@%@%@%&%@g@@%& fagging &)Lnf&‘ﬁé 8¥4 holsHane or'tibes, mass flow rate,

density, viscosity, pressure, and others,

The processing system can receive and digitize analog inputs. The digitizing
20  may require sampling of the analog signal(s). The processing system runs at a fixed
clock rate and samples the pick-off sensor response signals at a fixed sampling rate.
According to the Nyquist Theorem, the sampling rate must be at least twice the
frequency being sampled.
One processing system application is a flowmeter, such as a vibratory flowineter,
25  where the processing system receives analog vibrational signals and determines
frequency and phase characteristics of the vibrational signals, among other things. Inn
the past, the sampling rate has been set at a high enough frequency to accommodate
various models of flowmeters, including low frequency flow meters and high frequency
flow meters. This can be done for economic reasons, such as to avoid the
30  manufacturing and tracking of multiple models of flowmeter electronics. Typically, the
sampling rate has been set at 2,000 Hertz (i.e., 2 kHz), where most vibratory flowmeters

opcrate at frequencics well below 1 kHz.



In the prior art, processing systemspeed is generally not a concern.
The prior art processing systemis typically chosen for durability
and capaciy¥eioforldde Processing system has a hi gh enough miﬁgpd,
the processing systemw || be able to adequately process ﬂs%‘ﬂg
sanples in order to generate the one or nore flow characteristics
(and 5 may be dblthe proorpes processagdilystemrsabedos gersrsilngotanmncern. The prior art
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fl owmeter vibration rates. Processing Ssystem power consunption
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consunpti on. sone aB plications, it is desired to keep power

consunpt i mnﬁgumé»ﬁprawdﬁgmliq@ gity mwhberelrahrye baenghossavie sigadivenifpercsed
by the pr ion
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oper at i on doficén fii hegsidr BY asy Heafvicrithdsdicoy aqreptadle pridtice t it hgencrous
filters conprises: generating initial filter coefficients for
the ord orsaWB}légﬁﬂtﬁl tal filters; determining one or nore initial
filter coeffici (FRAE

nore digital fITFl![a tg?asv&t Clé?ﬁ ggzingﬁhlgg&ggl hgé }‘ﬁél that 1F1req fF%%g?‘E @ssﬂ‘[
or nore i mysteml clddkl rhier Thedidh doekntass, m\mmrfercas d hgpr ptgfvdrfwennmqatmm. m)r e
initial filter coefficients reduce total nunber of filter

coefficients t&%pUNEARRJICAYORSHE ! doste &9 krgp ppweeppnsumption as fow as possible.
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Pr ef erlabl y, the dropping furtheksp(eotsplfitbeblvmmppl ng the one or nore
initial filter coefficients fromone o e predeterm ned di al
filters. 7 SFersanr P e g S prefod o bR g n o PP I &
filters inghdedane HArS WARGKG énd drik@e d@g}@i fiitek @BiprisedOPr ef erably, a
digital filter of the one or nore digital filters includes symetric

filter coeffi cugemﬁr@tmg i § itey @eHgdeRCir Us2assy orare digital ﬁlters,
Preferably, a % ﬁn}gt A etoerrm(?rf*a 1&1pael RS cg(}‘ﬁn% hés fgr aqlleas é%l%}ltter of
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dropping the one or more initial filter coefficients, wherein dropping the one or
more initial filter coefficients reduces a total number of filter coefficients to be used by
the processing system.
Preferably, the method further comprises a subsequent step of programming the
25  filter coefficients into the processing system.
Preferably, the dropping further comprises dropping the one or more initial filter
coefficients from one or more predetermined digital filters.
Preferably, a digital filter of the one or more digital filters includes non-
syminetric filter coefficients.
30 Preferably, a digital filter of the one or more digital filters includes symmetric

filter coefficients.



Preferably, the nethod further conprises conparing one or nore
processing 5 system neasurenents to a predeterm ned power usage
threshol d @b pReration, if the one or nore processi

measur enent s exce@gs t he predeterm ned power usage thres gﬁé@%tﬁﬂ}gﬁ
determ ning one or nore operational filter coefficients for at |east
one digital fi lRreferably,ahiegituh@lter ofitbe encorgnoml digitd] fidtes indladescamnivgric
dr opped, droppi ng the .one or nore eratj.onal filter . . .
Coett 1ol enier PRI A1 SRR et bT RunB BiarsgicBhed singly of i
coeffici erdagrsr educes a total nunber of operational filter
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conpari ng mer dorfPrRcRIMPGTSRITEe Y EhRMs B8 eREepte8etb@hiAed power usage
pr edet er m ned if the

15 Eower usage threshol d duri ng operation;
one or nortarephdle el dejersyisingpnaensereerantipnalGkesdoctisienpyforietlesstpned

power usage,: L er.ni e.oh ilter .
o S5 S RS AR S ed g e n
di gi tal fidrtneors opératiomafiltbecodffip@as  whbsn dropping thél bapE mMgretdperadiogalor

nore filter coefficients, wherein dropping the one or _npre 20filter
coef fil8i erfflier cerfficients sedusest toitlmvabenet enorationaliegrrepeffisionts tp ge peed ed

by the pr qgggr%kssqir@%g&t@m during at %egft%fc‘?lﬁ%m 1%‘1?'11'}18 n@e%@%qte£ﬂfoh.her

conpri ses ppi ng “one or ITter coeffici one or nore
predet er m ned din gt adpeétidfitler mvention, a method fBr afaptiedd); wptimikngmbobedor

further conpri.ses iterativelée erformng the conpari|

25det or m MPAGHOR TR BRSESEE il Bplading one or pog BIEAE e seqmmsises
filter of the d I Ol i i - i:
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filter coefficien Preferably, digital filter o e one or
nor e didgi tpawef idage threshodd dutez apgratienyic filter coefficients.
30Preferably, igital filter of the one or nore digiital filfers
"ncl udes. symredhe 9p¢ P mpregs i s e AnaSRERES RSP Be predelriisd
coef fi ci epjoveRlifagd HEBIRU, ShenteYerRinih® okPbr ore LT coefficients for at least one
2010/ 014087PCT/ US2008/ 071627 Preferably, the nethod further

conpr i ses dagitadfiltprefibe anheinbede digitad hilierwtthawan be drapped;eodf fi cients to
be 3t opped. o it SIBAP R 0 bR SR B Bl
20  filter coefficients reduces a total number of filter coefficients to be used by the
processing system.
Preferably, the dropping further comprises dropping one or more filter
coefficients from one or more predetermined digital filters.
Preferably, the method further comprises iteratively performing the comparing,
25  determining, and processing steps.
Preferably, a digital filter of the one or more digital filters includes non-
symimetric filter coefficients.
Preferably, a digital filter of the one or more digital filters includes symmetric
filter coefficients.
30 Preferably, a digital filter of the one or more digital filters includes symmetric

filter coefficients and wherein symmetric filter coefficients are dropped singly or in

pairs.



Preferably, the nethod further conprises the prelimnary steps of
generating 5initial filter coefficients for the one or nore digital

filters, d el one or nore initial filter coefficf

| east one igloéﬂg{l"‘@?l ter of the one or nore digital fi ﬁ@?@ﬁg%@?l@an

be dropped, and dropping the one or nore initial filter coefficients,
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measur enendoefficlends prrdetebytitgdoqewns sysage threshol d during
operatjon; and if the one or nore processing system neasurenents
exceedd t he pr dBepepsAcHRf hoentipnagaathaddeheptimizinegiossyiragtionén a

one or nor i - il .Ci: L.n.droppi ng the one
or nore flpﬁ?gegg{égéi(s?%]@}l%‘{%déﬁf érrlffcﬁrgl%gﬂre gdé@%té?its%?g[n klg%sl]nber of
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Preferably, the dropping further. conprising dropping the one or nore
initial filter dE6ENMIRG MY m?famnaﬁlgf%&‘rr Cﬁﬁf%éleﬁffse’@éto&fi AT o8 encgtiogpl

Filters.  fier cBERERARATDYat 180sPb@H iBleaiftlitel §F 1h8Tonk BEmQREqiBltalefs Hhahal
filters incl uges non-symetric fifter coegtthl clents. S%Er ef er asl)"lﬂy, a
di gi t dl5 filetdeoppefi; t he one or nore digital filters includes symetric
dropping the one or more initial filter coefficients, wherein dropping the one or
more initial filter coefficients reduces a total number of filter coefficients to be used by
the processing system;
programming the filter coefficients into the processing system;
20 comparing one or more processing system measurements to a predetermined
power usage threshold during operation; and
if the one or more processing system measurements exceeds the predetermined
power usage threshold, then dropping the one or more operational filter coefficients,
wherein dropping the one or more filter coefficients further reduces a total number of
25  filter coefficients to be used by the processing system.
Preferably, the dropping further comprising dropping the one or more initial filter
coefficients from one or more predetermined digital filters.
Preferably, a digital filter of the one or more digital filters includes non-
symmetric filter coefficients.
30 Preferably, a digital filter of the one or more digital filters includes symmetric

filter coefficients.
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Preferably, a digital filter of the one or nore digital filters

i ncl udes syIBidd15shi | ter coefficients and wherein symﬁeé]r,?é:zogs {6%
coefficients are dropped singly or in pairs. era

the method further conprises iteratively performng the conpari ng
5and dr oppi ng eref@mbﬂxora digital diiter of thaone oomereatipical diltefs incledes symmetric
coefficien hod rise i
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hundred fifty filter coeffici duseription of thelDxawinghows the filter of
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R e S I M BRI M G CIMTIN YON
of the I nvRRids@ng system including one or more digital filters according to an embodiment of
15  the invention.

FIG. 3 shows a filter response for a standard Hilbert digital filter formed with
one hundred fifty filter coefficients.

FIG. 4 shows the filter of FIG. 3 where some of the filter coefficients have been
dropped according to an einbodiment of the invention.

20 FIG. 5 shows the processing system after filter coefficients have been dropped
according to an embodiment of the invention.

FIG. 6 is a flowchart of a method for adaptively optimizing processor operation
in a processing system including one or more digital filters according to an embodiment
of the invention.

25 Detailed Description of the Invention

FIGS. 1-6 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall

30  within the scope of the invention. Those skilled in the art will appreciate that the

features described below can be combined in various ways to form multiple variations



FIGS. 1-6 and the foll ow ng description depict specific exanples to
teach those skilled in the art how to make and use the best node of
the i nvent @yho1diRliost e purpose of teaching inventive pr Cpl%@b@ﬁ] épme
conventional aspects have been sinplified or omtted. Those s I
inthe art will appreciate variations fromthese exanpl es that fal

30 within efithe QU@p@orofAs hessilyvbe inventionTih oselimked togtte speciffreexantplesi | |
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invention is not limted to the specific exanples described bel ow,
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manner . For exanple i n,one enbodi nent the sensor conprises a

vibratory ¢ fa%ﬁ@fwn&@mwh@trﬁ@pw Yifragpad sespovss S @ wg@tﬁgaﬁsembly and

I
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processi ngpregstenhd Sas@rshgmbsiasrddieo senmaunesir giab processdigdgstelnd obt ai n
one or__nore processing sy tem 10 nmeasurenents, such as flow

char acfer | BE4SEEMEDE, Behs Hlog(Figgrcesristrs II%%OW RRgEEhNavmechruet e
assenbly, fQymeKARRLRD] yCRR A tgx) etqlrﬂ &éa&n§¥§§tsm169%a§an
determ ne one or nore a phase Ip? requ ncy, a

di f f er encelefettn)ine auede rmmre pfa ghamsh;fférbm a ﬁ'equenay,va thoodiffeyencaridt)aa
volunme flo te fromthe sensor SI Is of ro ter, assenbly, far
exampl e, JBHHD: BrBtseLaPigiesy ERETm HoR s FoIbBR dloE T B s S ST
conput er, A HERPARERBEL RE KYSHRM a logic circuit, or sone other
general purpose or custom zed processing devi ce. The processi ng

syst emh5103 can Tihe peeosssinbspstatn é@ﬁ)my crmm:trlsp agemrdqnmsngomeuiec,@s The
processin st.em _ ‘
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104. 20Thersdensing de iy D pkodessiap s$dt€h € 0p @ﬁ@ﬁ@ﬂﬁrﬁn@ﬂ@nﬂﬁﬁg@nu]ﬁﬁfé war e
routi nes, constant values, and variable values. In addition

storage syEewsNDAC\eas. JH8PEOCSHANDSYSHI é03d¢agu inglnde anyt imprner phintegral or
enpl oyed filter

i ncl udes EM%@??%@E g%&?:%lg%o E:a% Iilmu%%%? lllle ent%)g)g?g’resg%tg @J\f\'m t he
stora@é syst emm64to$atgars§§texax fodrcah sehir@parametetd dndrdat, Q&fmlﬁ@rmam‘égcond
digital filter B hird digital fjlter C 122, and a fourth
digital fiPREpFa % an H’éﬂ?l?lF F%‘rue%e@sadéﬁ@ﬁnthﬁﬁ@r‘tﬁe\%ﬁe%pél%nﬁ'éS’Fe one

illust rat

can inclu e%a{)rgé/ﬁr%% gﬁlllééil er arFa&)%angI tﬂf‘br tnglrgﬁ?lﬁie@gﬂ&%w%%
di gi t al f|ﬂlteem§:luﬂamas@msrotfseefﬁnmntmnner of d| gi tal filters, including
finite inpul se response. (Fl and. infinite i | se res

filters The dibTERMBRRINGE ShoBhdne HOMSE PR SU U & Har gkt dlichA

hi gh p3ss 1bpl 4 &&cdnd di %ﬁa]qlﬁlga'rt]ﬁimf blhigd §ighAnmRe d Pﬂ”hﬁd it?cﬁ{r!hrlﬂgltal ﬁ]terD
phase-shifti ng, and W ndow ng functl ons, anong ot her things. O he

filter 123. The ﬁlter sets shown are given merely for 1llustrat10n It should be understood that

the processing system 103 can include any needed number and type of digital filters.
The digital filters can comprise any manner of digital filters, including finite
impulse response (FIR) and infinite impulse response (IIR) filters. The digital filters
30 can comprise low pass, bandpass, or high pass filters. The digital filters can perform

filtering, phase-shifting, and windowing functions, among other things. Other filter



WO 2010/ 014087PCT/ US2008/ 071627 types and filter uses are
contenpl ated and are within the scope of the description and cl ai ns.

A digital Jol-hRle5@n be used to elimnate frequenci es Qesid6sRhics
frequency band of interest, such as through the use of any variety of

| ow pass, bandpass, or high pass 5filter. A digital filter can
be used f dypesewidifdter uses anhermédmplaicdend arepyign drescepé aof thadesgriphomantkbr
to reduce the sanpling rate. Decimation can be used to vary the
nunber of Cf]?lg](%ency bands to be processed, for exanple. A digital

filter can be usdiithpfiltgtasee aéﬂdftbienﬁn@téiﬁg%_te@bi@bgt@_ﬂle o\f‘@ﬁ%glﬁéﬂ@ bakgh
as 10t hrough use of a Hilbert transformor Hilbert filter. The

Hi | bert traneemshseh gsithrough dermsprass: whieht of lnw papp bendpayse Pohighippss
ni netysdegfh??s, for exanple. The phase-shifting can be used in
det er m™ni ng The one or nore flow characteristics. A digital

filter can be use@iithbfiltarcad bvusd, forddesiQhtior, GHEN Sires saniilsd A€ cRinirited
w ndow are el imnated. Wndow ng can be perfornmed after a processing
stage, sudh Oder isredueg ihe samppling fate. Jeerapaianrcappemsed foerarpheaasdiengt | n
sonme enbodi erived froma phase-shifting
of one or%ﬁgﬁa&a@fi\/eg glrgﬁ%df ?#%lxgﬁg%\'/ant ageously reduces the

requi red procedsiigial filber ca\belingidtfat plast-skifting v tigiielssignat etvefons hakh aof
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on the de;ilh%@sfﬁﬂtt%ﬁhg#lHNMf&Hf@ ﬁiﬁ?lg é{egﬁbé,ff& %x'eaﬂ'l?ge. }Aﬁl}é Ilﬁgé’féhi an

the digit I nput wavetformis filte sing t e ents of “the
di gital fibetuseq int degerfihing themmepr oves flopademsteattidseast a porti on of

t he frequencies, or.frequency ba of interest, . while rejectin

non- desi red 1 1 ey deieh TGRS bt BHFadRey IS “3sieib ERPEEs SROORRE 8y
coef fi ci eR}ind&RArdAIHNIRE! WiidowRk c8X B8P Fornicl@rikt & §$oces@ﬂ1 stdide, such as
coefficients (Al and A100) of the first digital filter A I20 can be

t he sdde, to kel ofétadin genaieied by faurierproesssingoef fi ci ents (A2 and A99) can

be the sare, a'illg sore Ql%bodiments, a measurement can be derived from a phase-shifting of

one or more received signals. This advantageously reduces the required processing
time.
A digital filter includes a set or chain of coefficients that correspond to and are

20 applied against the digitally sampled waveform of interest. The filter is designed based
on the desired output to be obtained from the input waveform. When the digital input
waveform is filtered using the coefficients of the digital filter, the filtering process
passes at least a portion of the frequencies or frequency bands of interest, while rejecting
non-desired frequencies or frequency bands.

25 The series of filter coefficients can be symmetric. For example, the first and last
coefficients (A and Agq) of the first digital filter A 120 can be the same, the second and
second-to-last coefficients (A, and Agy) can be the same, and so on.

The series of coefficients can be non-symimetric. Each coefficient can be unique,
such as shown in the second digital filter B 121.

30 The number of filter coefficients may depend on various factors. For example,

the number of filter coefficients can be chosen according to the frequency span of the

input waveform, the frequency span of the filtered result (i.e., the width of the filter

7



The series of coefficients can be non-symetric. Each coefficient can
be uni que, such as shown in the second digital filter B 121. 30The

nunber of iglbfvo15@efficients may depend on various faGgiGhsrods @51627
exanpl e, the nunber of filter coefficients can be chosen according t

the frequency span of the input waveform the frequency span of the
filtered rieangfer fictien), therdesingdishapoof thhdilter tremsfer findtion, the sharpness or roll-
2010/ 014087, US20 6 ransfer function), the desired shape of
the filter® tfq{h & rﬁ"clgtll%]negthe sharpness or roll-off of the

transfer funct lFQ]’der p%fférmance cang retAly RERpPsVERANGE/oE &t EReREAlflixctda can
i nproved and/or the transformifunction can be forned in a nore

conpl ex shedermed i agnericompitxfbepe B greateraungsepf ﬁbﬁ:resa@@ﬁicmnés are

PeTP %o UGN ok e BEEERSED UIRF L BB LGP P R o r

coef fici erﬁparaonohé) HcoesRaseby e la@quum@dr of db@ﬁ%dnlt‘@wﬂl ifercase the required
Consequently, the desired resolution and accuracy entails a trade-off

bet ween fr@a@féﬁegtlmes&@ﬁ@%ﬁ@%ﬁhw@e@e@@@m@e%gm #eopragy entails a trade-pff
addi tion, bf)eﬂeeeﬁf SIS Bn T %Podegéﬁﬁ% E.t mul tiple digital
ug

filters. Process ng e | nput waver or m mul tiple digital
filters in a sﬂmgdidatlom ehapﬂooesstngrsystemsllﬂ)ﬁmamunp]ieﬂmnﬂhhlﬂpmd)gmf 1tRes,

tinme. | i ng.rat ) e nunmber of fi|tering
oper atli onsts&S*fla Q@ v &fmrtﬁi Em@tlrﬁﬁgi 1 Bl Subsiaglsdisratipncase
an undesi r@fnd %gldlegdggsﬁrbggSIQQQIlﬁonsequentIy a slower response by
the processing system 1 the sanpling 15frequency can be

limted if theA highsamplng miulpadsdo tdargheumbeceSsienigg opaintonsl 08 Jargaich

a aflovvrret ding a brtlonal frequency, .is |.ow enou t hat
Fhe samt iter BECiberine efhibnd Rty R0 86 Ledesi By aSH e IRk e
criteria. oBndeqh&ifly @Q@wér‘ @@dﬁ@ybﬁﬂﬁ\{ﬁ&esilﬁgsﬁiﬁﬁ@@@ ABwBYerddhb sampling
i ncom ng sanples. "Further, ‘a large l'oop tineg will result in a hi gh

| evel 18f desweencysns baimisd ibie tirtsémmeat@wiedgo 26 myesseing $pem |13 tsheh as
b 00E5! 18 YRR R e R SE 35 bk BB Lo
af f ect ed. fldagerydtan 68 wducedandget 8iill hikaciN3igaisesistetiair el i abl e resul t
and even reset Aolgrgsqu(gp ggl\gqna?ffprg\be?lt ere%?gcseiilrrllgg 0t§ a)lllls;[n%(r)?mln%?;amp]es Further,
a large loop time will result in a high level of power consumption by the processing
20  system 103. If the processing system 103 takes too much processing time per main loop
iteration, other computations and/or processing routines can be affected. The end result
can be an inaccurate and unreliable result and even reset or shut-down of the processing
system 103.
FIG. 2 1s a flowchart 200 of a method for optimizing processor operation in a
25  processing system including one or more digital filters according to an embodiment of
the invention. The method can be employed to optimize response time. The method
can be employed to optimize power consumption. In step 201, one or more digital
filters are generated for use with the processing system, including initial filter
coefficients.
30 In step 202, one or more initial filter coefficients of at least one digital filter are

determined to be droppable. The one or more initial filter coefficients are determined to

be able to be dropped without unacceptably affecting the filtering operation. Dropping
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FIG 2 is a flowhart 200 of a nethod for optim zing processor
operation in a 25 processing systemincludi ng one or rmre di gi tal
filters acgeyAididsds® an enbodi ment of the invention. F@ ﬁ%
be enpl oyed to optim ze response tinme. The nethod can be enployed to
optim ze power consunption. In step 201, one or nore digital filters
are gener afikef chefficienes \willtlhsulhie animre@siim goisy 8t therfiltenaltpati Myopping ifidter
filter coeff'ﬁci.engts 1 30I % 202, one or bm)red(ﬁni ial filter

coef 11 ci entoe iy ekt MILLESER SRR SERrEIE It PPFI QP Ridiy A7 AiCARYAIT e

dr oppabl e. CO-EHﬂtléiﬂ@r(ﬂfplﬂg)f%@ ttaabiolfp&er%dnt bceegﬁgEffa&ueﬁa@oaéﬁccﬂeﬁﬁ{mrped
to be able to be dropped w thout unaccept abl fecting the filtering
oper ati on. vqm@pmpisagndmczmob@mo@hpcw U82008/ 071627 filter

coefficdients w n ncre noj se i

output S broppt rigerrE AL ort B AR PERF e et orih S FisisplisGiany gfthe
processor digil\iididof tﬂép@c@@ﬁ@%%t@mc The@aebf iroteiktiAl FidpPédgidientfcan be
trade-of f between processing speed and power consunption versus noise

and proces@'fﬁeteﬁmpfﬁdﬁten?:‘mﬁéf S-or nore initial filter coefficients
can conprise CQﬁEEeQb? "W i @Ry ofd oglﬂﬁeq{nﬁ%f ]‘Isilliter c'o!aitfpt: tsHre h&gped fro

processing system The one or nore Ini er Coe I'cl ént s*can
t ar get ed fmmmpveeﬁlb&rer Dropeihg thk toaé 8r more initial filtersdoeffic2éhds redliess a total

identified one fm phitial filt Lcoefflments are_dropped from
respect vaiher gf Elterrsog IS forhe UsEALb b e RspessTing £y The @R¢ of more
coef fi ci entRial BAUCRSFRIdIA @ %Qhﬂgfm@felﬁveé HCIJOB‘%HQC&%%&?}:J'@%%?]&Q_ ae

used by the processing system one or nore init
coef fi ci ersppecarbodendrits dedppee coefﬁometﬂ afe dmpped—:‘frmn efitherg odl bgth} ends of a

e, SRR e, EPBASIE | ASTL arbodedBiEs o
digital f 'dobﬁcaenm&ﬁ\b%liur in?@fh@r"eQQB%g ricg!dftfﬁfer E%ﬁ@lbﬁﬂqe"Fﬁ@ réri¥dinil 9er1£11
anywhere in a string of ter coeffiCients. The remaining Ini

15fi | tlér doest coeffients am@rogra@gneimmhp Dragessieg §yseoBssi ng syst em

o ot ond b TRy SebRl b 2SERAREFubie Sl AL Rogh b

the filterone&ap@es giflydilenapatcang. @e&@; ﬂglﬁﬁdh@ﬁ]tbﬂ%sﬂdﬁlsé lboorﬂ@péataﬁqr ed
fifty filter coefficients. Increasing the nunber of coefficients can

i ncrease tdstermiied byfthe fulk enedpndied Adtysfilies waelficisntsh drcreasingothe nivaber oft er
20 envel OF&%eﬂf&i’enFsadan‘}E&ngg A BuSHRPEe 9 ﬁs,]é.{éstow%ﬂ#’?‘%ﬂq%)‘eﬁcfsﬂﬂ fifier AS 2

consequence, | ncreasin € nunber o er coeftrrcrents can I nprove

t he fi20t erenngopesid danaﬂlaﬁgwhexﬁ@e o€ (Hef frdgnenGasgdnpe. 08€8 sbidgqlidno®,.
FIG 4 shows the filter of FIG 3 _where sone of the filter
coef fi ci enfedvifgthp Bumber of fHten cartBigients §an traprane theddgrngesulirt thee

i nvention., fééhsEla ﬁm%ﬁéﬂf eskilk e, 25coef fici ents have been dropped.
e eff

It can be seen t at t ect-i's confined to the left and right
edges of the fFIGet sttavarthé Giterf ofifUGL B vihareksotdveofabafibter doefficdentohaviebeen

filter tr nsfer fi ion is ativ flat .and unchanged Changes to
the cente r?@@f‘aﬁcq%gﬁ%\%eleéﬂ%méfﬁr@ég%maﬁn@% Ta s peamiple, Bt he

filtenkng 0p@icRhtsdRve bBerfMBhHS i oAl RN that BTkt i§ Bl (6 t}% 1ERY5d
of the filter mainly affects the tilter response at the periphery and

t her ef or e righsedges of the filter transfer function and the center region of the filter transfer
function is relatively flat and unchanged. Changes to the center region may have some
effects on the end result of the filtering operation. In contrast, dropping coefficients at
the ends of the filter mainly affects the filter response at the periphery and therefore has

30  minimal effect on the desired signal.

The one or more filter coefficients can include two or more coefficients dropped

from a single digital filter. For example, where a digital filter comprises symmetric or
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30m nimal effect on the desired signal. The one or nore filter
coefficients can include two or nore coefficients dropped froma

singl e di gisioalidiihdsgr . For exanple, where a digital filg@iyGaERyieses
symmetric or WD 2010/ 014087PCT/ US2008/ 071627 partially synmetric

coefficients, a pair of coefficients can be dropped. Further, even
where a dipfrtially symmeiric goeféicigots, mame%gnﬁﬁmmts;cmwdrbpp@intl"glrthmbtfeinpl e

filter coef n. be dr

coeffi ci en\?’ic.l‘!”r%ta %naéf ger #joes P p[ﬁ) Symlﬁ?elcdcoo\%ta(il%ﬁes %“‘Hﬁ‘SS@ &0#?1@3
coef fi ci entas beaiopRdAsudh @apa hﬂmb@nﬂﬁ&hiﬁi@bﬁtlcbyfﬂc[bntm ahfehd bes Gtler esul t
due to increased noise, This is not a given, however, and if a

i ni mal nunber Thecdonmside deldromare fHigy ¢ lcls@tsamﬁy ker¥ drop iprepeateability in the
filteri er&i.'leesffllt Bﬁé’i{ol 18%?413%’%}5%{30&“@3 153& eél{/é.hg hggg{ré}nén:anfé (I:ﬁé%l%’]all n

step 2 4 the one or nore ers ar e praogranme

appr opr i ateneeeata dropyes, thay ﬁ?x’(hyaﬁ)tbh enygéefidct ah thd filt@ing o 26 ViBatibsult he
10 processing system 103 shown in FIG 1. For exanple, the one or
more di gi t%Vef9M-ers are programmed into the storage system 104. The

one or nore di gidp ﬁjn ng%lﬁrtél?ﬁcﬁ' }I‘g% &QW PG: Hl%?éidlg}f?ltfpf‘erpérgcess' ng

routine 110. It s e un rétoo e digita ters can be
st ored i n mogrammrEdanto anrappropriate alectmntm,aaudhm%@sgtahﬁ]twsl&@ﬂﬂﬁmﬂmy,

as sh Al ternati vel the digital filters._c be stored.in y
mannorilor oteSrHary YER B SRR e BT PO Jie % Nanws i RBGs are

FIG 5 shows dgx‘gﬁl%wdﬂﬁ%%ﬁéétﬂﬂtgé)é?ét&mlé@?’Tﬁtf: B%O%Meecﬁ 1%@?1ﬁtfefscl'29r‘lt2§ dave

been droppe ccording to an enbodi nent of the invention. figure
shows severoa beemdwlyébe D!T()0¢Ssingefoutuwelﬂﬂl di @ntlldd?reamdmsgaodhhat thﬂ)dngaaled

to the pr ssm m 103_0 % ital filter

10 has ndUEELER- b RAEER TS st Jitding T arboptd pEpesting syt gty s
last fil t%hoﬁﬁewlﬂemaﬁﬂély, weafdiiat fiRers cBPBe storcaRR 8kl afertdfexdeidal &brage
The third digital filter C 122 has first and last filter coeffici ents

Cl and3c30ouplies spdg precspsipmeystan 1@, The fourth d| gital filter D 123
s, 11, L0 1536, SSRGSl SV 0 LBl
af fected fdrbppedscedriingas a? BabedinRafoRNE GrveLGiH. rEnd femes sHov s evéal
operat| Onsexamp]es of filter coefficient dropping when compared to the processing system 103 of
FIG. 1.
20 The first digital filter A 120 has not been changed. The second digital filter B
121 has had a last filter coefficient, coefficient By, dropped from the filter. The third
digital filter C 122 has first and last filter coefficients C, and C,y dropped from the
filter. The fourth digital filter D 123 has the two first coefficients D, and D, and the last
two coefficients Dgy and D, dropped from the filter. Each of the affected filters will as
25  aconsequence require fewer filtering operations.

FIG. 6 is a flowchart 600 of a method for adaptively optimizing processor
operation in a processing system including one or more digital filters according to the
invention. As previously discussed, filter coefficients can be dropped in order to speed
up a response time of the processing system and/or in order to reduce power

30 consumption. In step 601, the one or more digital filters are generated for use in the

processing systein, as previously discussed.
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FIG 6 is a flowhart 600 of a nethod for adaptively optim zing
processor operation in a processing systemincluding one or nore
digital fi{{oSfas®erding to the invention. As previouspdrdeeisass.
filter coefficients can be dropped in order to speed up a response
time of the processing systemand/or in order to reduce power
30consunpti on. Insteptdd, @t1Qr mérs fdiee cenflioionte ofiptgeasabné digitelr fHlteaaee

gener at ed r _use in the cessin te spreyi ously.di scyssed.
WO 2010/ 01‘55‘8% tﬁ%?(ﬁ%%?pg[?l%eﬁpr_ﬁi%@}é/é‘sé@é?‘%o?%@e 8 erﬁféycf‘?nﬁ e
coef fi ci endropsdd cah coopsite Riteal diltgt Ecdffidibhts RpetiBnslalIRF BbdTHEICAR, &oth
droppabl e, as previously discussed. The filter coefficients to be

dr opped cahittadaist prasatioiat fikigr copfiicaantse gefefiniginbfilier, copffisicnts avp & be dropped
coefficie r J Nt operational fil.ter coeffi.ci.ents,
Tre init | atetpreRbost it ok Rioe Bty SRETLAPHS oppn bl gRRES kLG e
progr ami rig: tehGoRIidE eSsirmanayitaeprddiuting opiefiat 6xhabrdcedsigy system.
coefficients are to be tenporarily_or permanently drggped uring .
operation of tHBsEPOOEsEE aEe sy @orsigital filters qrp pEagEaMIBEE It e NEARESHAS
nore digit i |$ar H?fﬁjl ' i :

droppabl e ° btg{ﬂétfl‘%n(gﬁéaﬁdto@%g‘%%e i (t:%rg%@guégtr‘?%g%g? '?1;1 p&;@%ﬁ&géﬂg dl-l-%lﬁal
t he di gi t afiltdrs hiideeam canghrisan dedgmtionef fildesieffidéntotn iaf adaplivedy dropped
coefficients, to be adaptively drop%)hed 10during operation or at sone
poi nt i0h tHHEingGpERAEON of at somgnoditAR theBIye. 4 first (initial) portion
of the desi gnatge. £l Rlgestfchid 8 TARCTNE before
programm ng t he el eéﬁ?gﬁi clsStzgrl{ld aj’%(ggglfrl]gf?gglg%l%rt‘#ﬁ%fa?p%g???%ﬂ can be
adapt i vel ycodffopgedcaiibei digppedéreéire prograomsecthe plettyonitsans o deovchar t
could be nodified.to include ste 03 of FIG 2 before step 603 of.
Chis 11 gurBrrBiT I SREl G CegaeRedy PRy LEEBrAR s f oPSReEH e At .
In step 6GRwdRRLBhIdMRFhodiABEd B8 §EF 20P0F F10T. etheRire 5RE GBBQ;?%%H%.%.
system |If there is an operational change, such as a change in th

one orlSmore pr deeisiond, oeassing Feden veeehenis comemenced met hod proceeds
to step 606. O;herw .se, if operation is wthin norml bounds (see

bel oy thon ¢ HeSeBRSprriy B AhufPet e dhe ol R o B S 1t
20change itheropearabpcotnaleiadid, isQetsas aléHRn goM thObhd e 18R Procds I8 system
conmparing the one or nore processing system nmeasurenments to a =~
pr edet er mMRFGUISEWALH theh Hic ppthed Reicaeds\ih sieritA0 REcpvvisdeif eperptienis within
operation r t.8. 0 . } .

el ectri caﬁ’!"Bﬁa’glebf"%ﬁg%gSé ﬁé\l}gﬁ’.tﬁ%@e f)r%élzﬁe(ﬁe?érsl%naeg t%%gfgﬁ %Edall%ofl]ﬁ?rag 1§l d
can c@fpr ichekedinfopradomt] coydidomsc t hr eshol d 25and can be |inked to or
controlled by internal variables in the processing system I|In sone
vibratory fl owlS¢&onepBg rHbieide CARPRREIBe apaPHBArCIYaFeEsNg s5jtem

measurements to a predetermined operational threshold, wherein the predetermined

operational threshold reflects or relates to an undesirable electrical power usage level.
The predetermined operational threshold can comprised a fixed or dynamic threshold
25  and can be linked to or controlled by internal variables in the processing system.

In some vibratory flowmeter embodiments, the predetermined operational
threshold can comprise a time difference (At) threshold. The time difference (At)
comprises a time difference in signals from the pick-off sensors and therefore between
leading and lagging portions of a flow conduit of the vibratory flowmeter.

30 Consequently, if the time difference (At) becomes too large, then the vibrational
amplitude being generated by the vibratory flowmeter has become excessive and will

likely require a high level of power consumption. The power consumption can
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threshold can conprise a tinme difference (At) threshold. The tine
difference (At) conprises a tinme difference in signals fromthe

pi ck-of f s@@SViGo1303¢d t herefore between | eadi ng and | aggpdgudedsic RS
of a flow conduit of the vibratory flowreter. 30 Consequently, if the
tinme difference (AtL becones too Iarge, then the vibrational

anpl i t ude tesenypenenbe radeeedspmerndiay b deopping sbmewdrdtechlten ggeficicotse

ercessive Aol ol SR 5 DAoL B4R B RUR, LSBRUMBH BB

consequent ¢perdnbet iRl d saewABliscystalidaRPddiat BAE 11 tithB Qiffdréric8(At) from
coefficients, tenporarily or for an indefinite time period. In sone
enbodi nentapredetermppadivaled.ni ned operational threshold can conprise a

e, el PG Rl BB

val ue. 5l n sone Vi ere e pre ned

oper at i onahrdshsldghotbenpase coequchse(fathreshalde My fidgheddyr(@sdaalpdisesThe
frequency fg‘f) conprises a fre%uency, response received froma pick-off

sensor (s) . 'EBRRGGEERATES received feng 3 Rigkohlcsengaris)s Gpnseqpently; Hdhefregpency
nom al or : i - Vi

'l ownet or (LERE b BTRBomhaI R chit AR VR A iRl Al Bhory 1 o
power 10 cliovauetpt harbecome sbmemaivibaiivitbliitedy rdghee p haghelt-es] wif peder

operatjonal threshold can conprise st apdard devi atio ft

P equckioy CopsmE 5 Pan sTOP R tha reteictmined qus Ao Greshald iy

f I ownet er k : (94! i can
conpri se a&gﬁgggagﬁj]‘a aerg ?E?gg?li%?ﬂl? rﬁpggﬁ%ﬁﬂ%fﬁ’téhgﬁ%gte&ggﬁ eriéln'ce (AO
conpri ses a phdseonit vibsatencidowmetehembodinenisotha lpradespoinsd opemtiaha
received fro e pick-.150ff sensors the vibratory fl ter,
Consequent PohE Spbisiarised hoss S RbEe Aoy iRqe Bt ase o N
or expect ednipaReea phe AiffdisnceRe tiRtviatifal tdiBorke Righk RIr¥cdiVeAWih @fe flae

become abnormal and will likely require a hi g{l | evel of _fgé)wer

consunkdt i oAt senpors efthearbrewrylawanetarh £opsasientss if the ghasp diffremned N\0) falls
t hreshol d n;C i r iakion of. th has i Fferepce
Il R EOPAGRS & AN ool B0 LSRN o

processi NGedyint abadiaal srl eillikeddrdghié ahiith 1078 of poWwa @nPEAFIESS i TAGome
syst em nmeasur enents have devi ated beyond a nornal operational range,

then the pPEWdBuANL tepreteereinehprastionabdrebeldran compritea ardard ci ent s
are droppegd,; Ep&oﬁfh%ﬁ,@g&ggg@fe&rxlg%wg :ﬁfoﬁ]% 3@348tg§§¢]15@9a1&e.”€ peri od,

including 1ndefinite can occur for one

or nor2é nmai n | doptep HE6 Hecans tiod probesipy eyeaaihngdaysiiesd thabthblone vemore

ot her tine geri.ods are conten‘gla ed and are within the scaope of th
m vg@ef.{b

descri pt i GROEINE PR measurementy hayces PRE ABOTRH PSP FATSE: then
det er m ne gd p@dﬁlgly%a&te@gfaggg¢19falﬁ+raiibﬁaq %‘itfﬁ&)%fﬁdi&it@ﬂfae%r u! q‘g

pe

dropped (where sone operati ter coefficients ve ready been
dr opped) . diéppimgtdnontcaefoeany dessred ignemeniody inclidingendetfingalyl For kxanple, the
coefficients to 30 be d{?ggged based .o)ri an. anpunt b%: whi ch the one or
mor e pr ocESHMYE GPstEMm PR 8218 ?:‘E’e‘éesratﬂ%_oﬁf P IR S IBwer
usage 25hr esfied v, ofiftr $infl RPio8AEre2DRREDIdELaRENE Withih @F stdiR Jremer
consunption and can determ ne a graded |evel of operational

description and claims.

In step 607, the method can further determine if additional operational filter
coefficients should be dropped (where some operational filter coefficients have already
been dropped). The method determines the number of operational filter coefficients to

30  be dropped based on an amount by which the one or more processing system
measurements exceeds the predetermined power usage threshold. This step can assess

the scverity of the power consumption and can determine a graded level of operational
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WO 2010/ 014087PCT/ US2008/ 071627 coefficient dropping. For exanple, if
previ ously dropped operational filter coefficients have had not
enough ef f G@l1didifgyt he method can drop additional opergifd@ialsobishs er
coefficients as needed. If nore are to be dropped, then tée nmet ho
can | oop back to step 606 and drop additional operati onal

coef fi ci engosfiigignt drenping dresexample, i6peavaquisbndibpiadl aperatiosal ddter LoafTicients

can be dr N an escal-ati ashipn, in prder..to avoid.un essary
Cpact on TEoe) MaErhRR it @ I SRRRLD GheRyt rlReciqtey R

coef fi ci endoeffasientd & Rdell. OPBee alchie Be dRsppaBlthadthl hamdiasan desbdcr 16 kep
605 and continues to nonitor for operational changes. In sone

enbodi nent®0 anddser additionsheparetiopat eoctficiento ol thip menner, e epsgdtipnal filter
10operatig f 0 [ .Gi: : p oppi- filter
coeffi ?i en({bg%f\lfal (Htg (gaﬁlla Iaggéﬂegs}[grg B? %Ctdgaltlggif I gof?iln]ﬁ gyr/deﬁpﬁl%?‘;e%é@gmgw?sgggonse
speed of anpacaesiitamgysiacionandnb htoraspaaticia ltemslefiti@nd aglo Bt er .
For exanple, a ugler can specify the droppabl e operational filter
coef fi ci erfirappefinien tegnethod Branphgs haple iy stemb0 oansrceninyes teraioniforfeger
certain c }%iioggl%ha%g_er adverse or abnormal conditions, which can
be specifi y the er, the 15 processing systemcan drop a

pr edet er mi ned rdortree cwbodiientsy a ageefchn pardinipateandhossarpaatial and/@sponse
speed,,  at the ex se of .nore npi ge. This gives_the user increased
cont r d0° ARG HGAR dH e GO ARG A7 Bt bpet Diqpparlier aptiBaisntnaLlgaen o
det er m ne \jsheroQpni Bty GRPORS § rdshBReIPSDES i

noi se and/ or Br (%:nessorpbande dtrhsbfore g pa(gr t%ﬁ%?lﬁgéﬁ@égﬁgﬁ%%@é@
can be achinguwenhpot metgt. Eo exahptey 2 ne¢rwer npeniflytthedreppalle epsatdtaldittér n
the processipg.systemor insfrunent. Cdains: 1. A nethod.for . .
opti i o1 ng RGeS PR R Fbaic spo B R Agr oLt WiteT RSPt
or nore digghdeahdVerdel@abnorhe coRENQE, GRPACHS b@gﬁéecﬁ’ﬁﬂ%ﬁ% Dgribtial
filter coefficients for the one or nore digital filtérs; 5determ ning
one orlSnpmEogqensing systam Fanegrop g ergdetdrained muptbenof fikersoeHicent ayidtingrease a
filter of r Lgital filtersnt.hat can be .dro d;

dr oppt ng. (TEoBRGPS Al SRk btnold paif Sl Blvef B o8 i BRR fontrol and
droppi ng tgheat@npertionlfRxibility] dhisfdlloketheort td ddi@ntise thedpgars] Rspaksel
nunber of filter coefficients to be used by the processing system
and 10pr odHREIRAIRY DOBFRY IS HATFdcrertable same pred/anprecesperdapfwidih Hrdssi ng
system : frcl al i - I f .

conpri si né 2 %3%6%&? %[?'oyeﬁg g‘lrﬂ%n%?%ﬂ\%\;ﬁ?t‘%la%tlg%yﬁ?ozlﬁﬂ%)egg %ng?{é]rtfp 1se Irt%sm
one o20nomathn ddetresessing elysthing bt mbtrfimbdter s.
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153. The method of claim1l, wherein a digital filter of the one or
nore digital filters includes non-symetric filter coefficients. 4.
The nmethod of claiml1l, wherein a digital filter of the one or nore
digital filters includes symetric filter coefficients. 20 5. The
met hod of aim1l, wherein a digital filter of the one or nore
digital fiH2¥& includes symetric filter coefficients and wherein
symmetric filte Eclhent s : i i LLS.: .
o The. et hod of ~caga 1pF iRl ottt o ¥ plcclshalhtd inaine

pr ocessi ngosystreonc ezl fikesths niethod qogdiRingt M ned power usage
nore processing system

t hreshol d during operation,.wth fhe one or ce

nmeasur enent s ccﬂ%ﬂ? 'agpglﬁll%%gg'ﬁf%ﬁ‘?é ?lgntég?féﬁﬁf’%?woﬁeﬁéﬁlw S¥eis5i ng
systems r om oNne;eRimiRAL oNd Q’ﬁ%ﬂe‘iﬂi@ihl HiRSROPER I ORPLS R of figital filter of
30vibratory flow neter; T the one or nore processing Sys &
measur enent s exceedshd dre qrnecte tegital fikkeks Hmvean bsdgppddir eshol d, t hen

determ ni ng one, or . erati onal fillter qefficients for ah | east

mre op
one digital filJepPiRg henne shmops mital Bltar epefigients, wheren drpppingfhe gae or
dropped; and 5dr oppinfige ifi§alGNRr Qéefﬁﬁéﬁtsﬁ’éﬁ'b@éi%lnuﬂblef@frfflte coefficients
coefficients, wherein dropping the one or nore operationa {l Pter
coefficients reduceso be ussdaly thepioeessingz sygremaatcbnal fil ter
coeffi %i ents tQ be used by the ﬁ[oceSﬁin S%}Et m dur i nlic[J at least a
current main | SO PPBLE SMRYING Qi GogHc o0 HeFYSShpt i vel y
optim zing processor operation in a processing systemincluding one
or nore digital filters, the nmethod conprising: conparing one or nore
processi ng-systidmmasaad efcttin k with the grappingsfrtherconpoivisg dueppieg the one or
t hreshol d Is LN, W he one or [e.progessi system
measur enen %é@%ﬁ@ﬁ#%&%&%&#ﬁéﬁhﬁoﬁg rir %gerﬂi}gﬁdﬁcgg‘%gﬁ%@essi ng
system fromone or nore vibrational response signals of the vibratory
flow neter; if ége one of nore procgessing Séstem measur enent s exceeds

the priedeter n F88 msdsholskamel. trhersimarigitat Alter of dheone aninirge igdtabfiltersr e
filter CQﬁ‘r{h‘i#eg'n%ﬂ%ém%ﬁﬁri@ﬁltér%éfﬁfgegﬁd' gi Fal filter of the one or
a t ropped;

nore digit Ilter at can be and

4. The method of claim 1, wherein a digital filter of the one or more digital filters
includes symmetric filter coefficients.

20
5. The method of claim 1, wherein a digital filter of the one or more digital filters
includes symmetric filter coefficients and wherein symmetric filter coefficients are

dropped singly or in pairs.

25 6. The method of claim 1, further comprising:
comparing one or more processing system measurements to a predetermined
power usage threshold during operation, with the one or more processing
system measurements comprising measurements generated by the
processing system from one or more vibrational response signals of the

30 vibratory flow meter;
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dropping the one or nore filter coefficients, wherein dropping the
one or nore filter coefficients reduces a total nunber of filter
coefficients to be used by the processing system 25 8. The nethod of
claim7, with the dropping further conprising dropping one or nore
filter coefficignts fromone or nore predetermned digital filters.
9. The nethod of 19 ogepr more P@Fﬁﬁsiwﬁe’é’éﬁﬁ%ﬁmﬁgt&%e@éﬂwrpqlﬁjemllned

deter m ning. and progeRslfgeHieRid, Hhn d]e%mTlgﬁ%B?é BflolopElafibfi Gitter

wherein a digital ter oné or nor e Rcludes
non-symetric fil tercoeﬁ'mimta:ﬁoemitlsast odd digftal fitedr bbtheane ok aiome digitiihfiitezs n
a digital filter l%1heoeor re digital filters includes
symetric filter co 3tican ?lfi’?Pp ;39 he nethod of claim 7, wherein a

digitals filter §f ﬁlﬁ'@t e OF B étwn%ﬁhu%rlc'otaﬁfc%nw%&%ﬁ%dﬁgﬁgggﬁé c

filter coeff|C|en wherein symetric I"ter coéfficlent
dropped singly or i rmnparn:@re operdi®nalliiéer veeffiomtntsfreddcas atctal dumtichof
conpri sing determni n%raﬁﬂnai er of 0 erational 10 filter, coefficients

to be dropped based®8 fhoebiet ?qu?@dgﬁéheo?mﬁﬁﬁégﬁ)’%?%é@}’ﬁ%
syst em measur enent sag%gﬁg%&%ﬁh%t?n%b@sgﬁg iiePeh. Usage threshol d.

14. The method of claim7, further rising the prelimnary steps
of : generatlng initial filter coefficients for the one or nore

coot 1) erfrs °f gt it OF 4L RaBly Bpfpiod o fesrotaipetiion i lpeesspsystem
di gi tal fijhdlediagohabr Gafe &eitalfMeRE the method comprising:
comparing one or more processing system measurements to a predetermined
power usage threshold during operation, with the one or more processing
system measurements comprising measurements generated by the
15 processing system from one or more vibrational response signals of the
vibratory flow meter;
if the one or more processing system measurements exceeds the predetermined
power usage threshold, then determining one or more filter coefficients
for at least one digital filter of the one or more digital filters that can be
20 dropped; and
dropping the one or more filter coefficients, wherein dropping the one or more
filter coefficients reduces a total number of filter coefficients to be used

by the processing system.

25 & The method of claim 7, with the dropping further comprising dropping one or

more filter coefficients from one or more predetermined digital filters.

9. The method of claim 7, iteratively performing the comparing, determining, and
processing steps.

30
10.  The method of claim 7, wherein a digital filter of the one or more digital filters

includes non-symmetric filter coefficients.

15



dropping the one or nore initial filter coefficients, wherein
dropping the one or nore initial filter coefficients reduces the
total nunber of filter coefficients to be used by the processing
system and 20prograrnmng remaining filter coefficients into the
processing system 15. A nmethod for optim zing processor operation
in a processing systemincluding one or nore digital filters, the

met hod co I SiFg L fi C [Pe] f one:. gr. e
oo a1 P e S EOEORL R et SAELALED: g U o A0 Y
coef fi ci eninsludecksyanaetac fiiter ecadfpeemt.i onal filter coefficients for one
or nore digital filters of the one or nore digital filters that can
be dropped; dropping the one or nore initial filter coefficients,

wher ei iz dreppi nE,t erer Lol tial fi Lclent s . S
& foral® nuoper e RERRLEt danP Wherting!diil SRS BEBH bERER Betd H6RT
syst em priogndessynynetsodiltar copfficients abd Whéemrsyomedtfic filtentoefficiéms sree
processi ng, syste conparing one or nore processing system

measur ene gﬁlqegsgqugﬁl&p@}rﬁi ned power usage threshold during
operation, with the one or nore processing system neasurenents
conpri sing nmeasurenents generated by the processing systemfrom one
or nore vilBrat iT(hﬁaneth@k@gﬂsiel &ifgribdrsonprising dsterbingng yurhbawl wperational

or edotdr il e da e SFaRPRl Rkl 6% R R G RGBS O ror e

oper at i onglodesdih€bysear hicasirembsts exdteLInB ptiiRRENNEd HE%cPRR O hrEMb L.
filter coefficients further reduces a total nunber of fl|§el’

coefficients to be used by the processing 10system 16. The net hod of
claim15, with j fr, r LSk . i.ng t he. one or
more initig t i¢?§6%0?2 f@%?lefitfé&l?%ﬁ@ H%‘ngl‘heﬁ%{?‘r&%ﬁgﬂag?%sr i ned
digital filter genckaiing ihhial fitthadffdiertd for theldne ovneore dizifal Akt al
filter of the one or nore digital filters includes non-symretric
filteddcoeffi crelgrmaining one or more initial filter coefficients for at least one digital filter of

the one or more digital filters that can be dropped,

dropping the one or more initial filter coefficients, wherein dropping the one or
more initial filter coefficients reduces the total number of filter

coefficients to be used by the processing system; and

20 programming remaining filter coefficients into the processing system.

15. A method for optimizing processor operation in a processing system including
one or more digital filters, the method comprising:
generating filter coefficients for the one or more digital filters;

25 determining one or more initial filter coefficients and one or more operational
filter coefficients for one or more digital filters of the one or more digital
filters that can be dropped;

dropping the one or more initial filter coefficients, wherein dropping the one or
more initial filter coefficients reduces a total number of filter coefficients

30 to be used by the processing system;

programming remaining initial filter coefficients into the processing system;
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18. The method of claim 15, wherein a digital filter of the one or
nore digital filters includes symmetric filter coefficients. 20 19.
The nmethod of claim 15, wherein a digital filter of the one or nore
digital filters includes symetric filter coefficients and wherein

symretric filter coefficients are dropped singly or in pairs. 25
20. The met hod JPPTRPAEHNECPE OT NOEG ROFIFENG SPEPM SRR HEMERE t%éﬁf?élﬁeﬁﬁmﬁﬁd

droppi ng steps for yaﬁ]reggé‘aggrth ‘?d &Bﬁr{ﬂﬁe%i%h \‘;vthttl?arorfé%‘? ﬁdr%h%é%“&

21. The net hod of cl sing determning
operational filter csyﬂémlmaaswtemehts dnmpﬁsmgpmﬂasﬂuamﬂtsganeratedrmpwm& by

whi ch the one or nore 30, roce55| ng system measurenents exceec{ %
pr edet er i ned power pagc‘ga% gwséeglpi pg‘x one or more vibrational response signals of the

5 vibratory flow meter; and _
if the one or more processing system measurements exceeds the predetermined
power usage threshold, then dropping the one or more operational filter
coefficients, wherein dropping the one or more filter coefficients further
reduces a total number of filter coefficients to be used by the processing

10 system.

16.  The method of claim 15, with the dropping further comprising dropping the one

or more initial filter coefficients from one or more predetermined digital filters.

15 17.  The method of claim 15, wherein a digital filter of the one or more digital filters

includes non-symmetric filter coefficients.

18.  The method of claim 15, wherein a digital filter of the one or more digital filters
includes symmetric filter coefficients.

20
19.  The method of claim 15, wherein a digital filter of the one or more digital filters
includes symmetric filter coefficients and wherein symmetric filter coefficients are

dropped singly or in pairs.

25 20. The method of claim 13, iteratively performing the comparing and dropping

steps for the one or more operational filter coefficients.
21.  The method of claim 15, further comprising determining a number of operational

filter coefficients to be dropped based on an amount by which the one or more

30  processing system measurements exceeds the predetermined power usage threshold.
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