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WD 2005/ 033634 PCT/ US2003/ 027961 FLOW METER FI LTER
SYSTEM AND METHOD Background of the Invention 1.

wo@sa3mBs t he | nvention 5 The i nvention is rel P EUS1003/027961

the field of renoving noise froma flow neter signal,

and in particular, to renoving cyclic noise, such as
cross-tal k nEMWME&ﬁRﬁHLmE&\SWSTWWMET@D

Statement of the Problem Flow neters are used to

nmeasure the mass flow rate, density, and other

information for flovBagkarehsd bfdhe Invéiftion oW ng

materjal s can include liquids, gases, conbined |iquids
iOFléﬁldOfgjlé%@é’em‘s?ﬁl i ds suspended in liquids, and liquids

i nclu

1 ow b B SRadEEis MR 45 B o Pl e AN Sy metersignal, and
meparticulgr, tof repetingloyulic naise speit agxireﬂsrtalﬂimmhepﬁem the flbowneter signal.

ﬁqg% can EP&%?to determ ne wel |l production by
LEPER 44 9"t e (i.e., by measuring a mass flow
t hr ougfyw Rgtefd a%"ugﬁtt% eas@REh SRR ratd) %eﬁﬁ%/j a.ﬁ(Pother information

determ ne the relative proportions of th as and
fardlovdng owtsoiaksn flhie dfovdng aterialssan incudsrli Banes,combined liquids

CeSSI envi r t conmon, t.0 have [ tipl .
RS PSR R sl endu SRR el AR Sybnfpd sotics.
PFBéagihld, floSuabtert AR RMNRIY Lftdlin ‘t’ﬁé%éﬂ pRductidnideBEnihE @Rpetroleum
meter can reach another flow neter. Although this

ArckpRtfodeqrhpiorpete| Aty metereambe rwqqlg}o fdptswning W@llrmptmcmoe by
InreQ ta%{o%v fak"f‘@%' n%grnflf%% %Hﬂ h ‘ﬂh@ ﬂto @:ﬁnlmd can even
CI‘O S- ta ors p nonena

béresetllto deterhiae tisd iglasilve f)fdpm't&)nfs |ofstte gietird ligeldicoflpusditesf a flow.
and corru ts a flow neter signal froma second flow

met er I{ %H‘iﬂ’ dyetron o @F‘éﬁ?‘fsmg edoament, K 1s geramopio hayq yftiple flow
Hﬁ‘é{e?sr cRMEPTIRAS 5%994831111:6%3/ of floBhied %uc!haarlﬂ&ner that vibration
sl ow noving signa typl cally no faster rtz

frbtn) aneTloav metes eamac}daﬁg]ﬂmiéloa&cme’tea C@thh(ﬁughhhls rédubtarine tfficiency in

Beroe Yo SikniBale Aoy ke Ein el ish 8ot i e o of cross-
{aﬁ@ﬁagé GR%-AlINRG pheRbAES: wika fib ﬁowlmét%r ﬁgﬁmm 2%ir& meter

| ow met er output "signal taken over tine. figure
mfﬁl@mces hmdnpcamptmﬂnwnmtem@wé froisa saebhdy ﬂnwedetbly(aud Wise versa).
bl L R S5 R B AR5
fogtit 98188\}%*‘ PEW Y r&P‘Eﬁ%ﬁ oA ¥F~Fraeree %"IVS AESFeyQV-moving
%ﬁal gRnedBtdo@stetthll HenNzl(Fz).t TRe fdifedanidesmidBBE@I Sy of the
efore eneratln cross-tal k noise in the current .
ﬂmmetﬁémna e | lead 1o eairesesly ddga pdicated flow ervprge fepddition, noise

feri ng flow nmeter is
| ve d@ggﬁoﬁ{éwatcg&? ]?(#m gegr?gl%% ‘ed noise varies in
bot h BItali it dgeaphred afffoae treres Yutpt sigedl @akentoer m&pm‘he figure shows
The prior art, has atterrpt ed to address noi se

hovp adlomamgtengigaal iy milyerged byothar tow maters: o tlm«? P%reqqsdal and 103
%gﬁ?ﬁg&'}égﬁ%\?%\%ﬁ%tek] 's%?alg\??%et%éﬁg@w '%erm ¥§Jratn%‘&tput with

requencl es
tvet stherflor oetert theteforeigsrerating troes-atlit nase ihlthewcursing flow meter output.
ta, 2005/ 033634 2003/ 027961
’ijl?neapen%gq OX\QS a 8ow meter s:i’gna C-Len only one other ?nterfenng flow meter is active.

Note that the generated noise varies in both amplitude and frequency throughout the graph.

The prior art has attempted to address noise and cross-talk noise through use of
traditional filtering techniques, such as high-pass filtering. However, due to the relatively

small difference in frequencies between cross-talk noise and the actual flow meter data, and
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due to the | ow frequency data signals outputted by
flow neters, it has been difficult to renove noi se

wowvakosie3degr adi ng the flow neter data. SummarBRCDUS1008027961

Sol ution The invention hel ps solve the above probl ens
wth renoving noise froma flow 5 neter signal.

A

due emthedow fregiencadatasignaln qupgiediby fiavemetrsy itblhas been digficult to
to an e ' . j ' The fl ow neter
o PSR U ikl A RN e ("0 T Ther
(203) configured to rSaeemuey af therSvlutiar si on of a flow
neter_signal and filter out the flow peter data.from
the Theditvensioshelps splae thegbpgepblemydh TRy floige,om a flow

. er filter system (200) further 10 conprises a
IIrll‘{é[?gllé,%égﬁc?%antifi er (204) configured to receive the noise
si gna flbwometehBltercystemp28Q) is prdvided ac2@dingdndn swkediment of the
.noi se characteristics of t oi se signal.. The.flo
iRgrgons e Bpv oot i sSve PP RhER-Ro prisedRs Alighloqy confisured
18 e Bl fitsPRRiok 84 FloWBstel i aRd Hiftel K1 tROMGL meter data from the
characteristics fromthe noise quantifier (204) and

fyonmeter signaldarieiva g neisesignph skt oW nteter fitisr sestem (200) further

SRR i 4 U A Ay o o

flfr (2039 aM@ nRa§iRe abide Viek &it@iktios of he nbisewignel eFheflagnaleter filter
and receive the danping value fromthe danpi

sxefpms269) fupthe) comgrises & famping paiusisr e9eh Por{ﬁﬂg%dnt% &pgsgye the noise

PR RS RED LT da SRR 204 o el Oliud Bitd on the
rotsehadivrasticst iTht dlosdmtieo filteretystenrs (200 pfurthér comtprisds afilter element
renovi ng nqQi se froma flow nete i.gnal 1s .provided .
s B B i S PR Bl T e e
d;élﬁ‘g{i]‘x%dvﬁﬁm nfed ggta %ePfZUS%%'tﬁ’ihQQilfef‘t@lre]fg'el;i’l.?’(g\[,}v@tl%ing further

, applying a ge danping value to ]
avefigures itgdahp ihe secatdrvershopoiitia flowametet signa dasedl amihe damping value
Jreter signal if . the flow nmeter .signal is substantially
18QF&é‘éﬂ’t%gu%&?d%]éﬁﬁEWng%e%ﬁﬁﬁl' danpi ng val ue to the
f1 ow A%t BiodddBabvinp ndise Sont # IBWAHELs bR if provide@dccording to an
flow neter signal i the flow neter signal .
dnsbodiapentiod thesi ingerdionr s imathnd copmprisenibelstsns of receiiving the flow meter
noi se froma fl ow neter .si | 4 L - [

5555 b b o oot Bk 8 BEE LS 658 € e et
TS Rck e 8enhhig tifd RS nieter kL] ¥istigstdrtiallp quiesaie fand applying a small
signal, filtering a noise _signal substantially ﬁUt of | i
denfping valyetosthe Aowtmethesignabin piderto rrpdupsithe filigrsd dopvygeter signal if
h o] ' -0bt aj I characteristics,
HEBRAE LA ooyl Lodhag charscter!
char ag nesth&t dfasmowving Motsh érofaafiomgmetat signddés prgveled ecdoeding to an
to substantially 30 renove the noise_signal .fromt
ERSHH N U, NN 50 GREAC RIS e SEPPS B Avined e flow meter
i i ' Qi VREsRIn S tBE'Abw meter signal,
b g Be 3R T oS U1 A T 180 ot i
thedstsng thefroiny sigetabto abitajm abise Charactepeiss, dsfermirgng a damping value

oS e S P o RO (b SR e PR ARt 5T PP Bpgany
feh®vE MG si@ROrsmahé Rewim&erf did#S #d dahPg the noise substantially out

of a second version of the flow meter signal using the damping value in order to produce a

filtered flow meter signal.
One aspect of the invention comprises normalizing the flow meter signal from an

original value to a normalized value prior to the damping, and scaling the filtered flow
2
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2 WO 2005/ 033634 PCT/ US2003/ 027961 neter signal of
t he danping step substantially back to the ori ginal

wo b@wvosasBer signal  magnitude. I n anot her aspekCT/OB200516¢27961

i nvention, the nethod determ nes an error val ue
bet ween the second versjon of the flow neter_signal
gister sigaal of the damping §tRp sabsiantia]ly hagk tofheorgipaldlaw @c@r signal
BlabRfudeal ue back into the determning of the danping
, wWherein the error value is included in the
danpi hganctharesphet ef te natehton, themeathod determmpe et erwér tahe between the

i nve tlon oi se pass filter ndtefl ter

B e p e B0 et Bimat ind BF aMeien MiRvbris Saupleid focds the
elfroﬁ Vud BRER Bt ARe ddtEieniMaL e tlfé@ﬁﬁlpﬁﬁé Ve, %mérélﬂ ﬁﬂ.efdrffotr Qflue is
el enent 10 conprise Infrnite |Inpulse Response R)

mc@dteéunfheldampmg Vallufadﬂﬁrh”émaﬁagpect of the i nventl on

the n assf filter elenment rise
secontt BT 2 iﬁ n%g? TSRS kg[f”haé‘fi the gﬁg clgpient
thapigevdsitd] dikterst he danpl ng adJ uster is further

confi %lgred to generate the danping vaI ue based _on the

noi seli#nathenapdctef 16s inysation the rpisaRasyfitie) ang the Blter clement
EAEbih R e 1P RINBE ARG Beil k8 ' Pvention. the
0 Cco I 0

er si rises’a r s flow neter
si gnaln ardodisez mbpict ofthe inviehiborDitleamoigspabh éiltarcend thefiberasdarrent

nunber re resen el enent on all draw ngs.
%HFIFFGS"& dsor; rgﬁ%ﬁgg@i%gelisi ow neter output signal
take nIrPé(rﬁﬁhér' g}%d &t t@e irfrehfforf tiid PhdIRS &dj udthd %rtl?e)‘%&?ﬁ%ured to

according to embodi ment of the |nvent| on;
gtrevate thealampgnd valdebased op H@S@lﬂeeilpmnmtwscmdtoml damm@ delay
F‘%&é fllter according to one enbodi nent of the

fitMon: FIG 4 is a flowchart of a method of

r emVIrﬂﬂm‘ﬂ%r%@pJGf Snha irviefordTBieflove hgsfalmgglaﬁc@ﬁéﬁ%@lh @riolis flow
to anot her enbodi ment of thé invention

metensigaak of a nethod of renoving noise froma flow

nmeter signal accordi og ent of the
invention; FIG 6 is iz}gsc‘iﬁ’t q(:fq? Bllrf‘ S¥ates danpi ng

r enovahe svfm@wf&encfer@mbar fdp@ayemﬂ&rsaﬁiecﬁmhent ofrla(b.dravings.
a di agram of the dggﬁjl ng adj uster, accord| ng to an

enbodFHenk isgrerameofzollovh metariogtput sigenl takenovar §mgph of
R
of t hBIG.rvehotisdhe magdtude and phase responses for the noise pass filter according
to one embodiment of the invention;

FIG. 4 is a flowchart of a method of removing noise from a flow meter signal
according to another embodiment of the invention;

FIG. 5 is a flowchart of a method of removing noise from a flow meter signal
according to an embodiment of the invention;

FIG. 6 is a graph that illustrates damping removal of noise from a flow meter signal;

FIG. 7 is a diagram of the damping adjuster according to an embodiment of the
invention; '

FIG. 8 is a graph of various damping values that can be implemented in the flow
meter filter system according to an embodiment of the invention; and

FIG. 9 is a graph that shows a ramping of the damping value according to an

embodiment of the invention.
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FIG 9 is a graph that shows a ranping of the danping
val ue according to an enbodi nent of the invention. 3

wWOE030885033634 PCT/ US2003/ 027961 Det ai | ed DeBCT/URL080R7961

of the Invention FIGS. 2-9 and the foll ow ng

description depict specific exanples of the invention

to teach those sKpetpided Pescriptionraf theinvetigBke and use

t he g :
teachl ng gt a? ] Vg&?or\fllﬂgﬁgﬁfuhg{‘on Eﬂ{ed Eﬁc\}ggt&%o ai@s & the invention to
Rsgiehbse sxkﬂleﬁhﬁ tlhen'atehldiw mmniahe/mcﬁudaebmb@t mplde bf the iwvention. For the
om'tte ose skilled i.n the art w

QP s galiweelﬁ@% BRSPS coRitpafl R fhife fpyention have
el @ﬁn}]ﬁfﬁetdhﬁ M@J‘t T1IMRe sHNES & &K 'al'tlvﬁﬁ a'pBreEﬁ@e Pdriativhd from these

appreci ate at the features describ bel ow can be
conplesdbitifal withiroths serpefithe inventiom rTﬁlpm skillefeinithe aromdll appreciate

h nventi o a result i.n t
B B s iele F e R sk B AV iR ot
P atioRYoftthe iflentio A8 rdstiRr) the aaehtved 8 moslimited b e specific examples
Meter Filter System- FIG FIG 2.is a flow neter

dqspmleqd helasy.dwt 2@107 hydhe plaquaqddh@ﬁ e@HpYEmtEent of the
eﬁg{e f}ﬂterg ste oW freher filter system 200 receives a
one or nore flow neters and
S U bst BI@. i2dk b flok ik Sltetdysteni 208 dcoordig thlanwntbetifment of the

gnal . The flow neters can rise_any t eo fl ow
Waeron. Theflony RGteoattPtsEn Mﬁeg&f%ﬁrf’s 10Y s r?égﬁ §m one or more
T s 15 A1, BRGS0 SN ot con
coonpriseianyg typ2@f flos metet,éncladifig Carmbts Hewpagtersf futtiing flo@3neters,

a n0|s uantlfler a_ da adj er, 205

Rtk SoTbReir. 366 1ederBeiea e Traet ATbadns RapofPRafitomn
i‘n'chWes é@&rﬁ{ah%ﬂ Jaar ag@cﬂ'ér' %Qr@ﬁdn%‘ﬁas@'ﬁ@teﬁm ampiselq@ahntifier 204, a
and the enbodi menf shown is provided fo

ddohpisg pditisten2052end h Eltmoelampit286. itosilouleidm understaed thalt(sxther flow
d
Fl5 S, P S0 LU E PP SR provided o

ﬁﬁ@trﬁwnse pass filter 203 also receives the flow

meter signal (i.e., a first version_ of the flow neter

si gnalhe nermalirers20d mecaivashn flew actrsignghanta sgxiogie flew value, and
0| se._qu [

BRI Shpd0fe TR0 A5BHA08. ThehpRlba e 20
fbﬁ&vés til’ia)ﬂlomiﬁbtﬁﬂmgﬂalqéi.lé Jpafirsanetsion o€kl fid aeteraignal)f aridthas an
that are connected _to the danping adjuster 205.. T )
eltrvs the) inepnpsster toths r@!@&uﬁ@@ﬁr 04 g‘lﬂ%nmﬁ%ﬁ?ﬂmﬁlﬁﬂf E@WGCCWGS the

V.
AP Ry P T MDLE M Bl 08 R190rmictoupu
thatae v,elsneatedeo t}mrdamqhn@adguattmﬁ%e dherdempirdgeadijustare05 also receives the

el enent . 206, The danpi ng adj uster 2 5 has .a danpi.n
U’&F‘E{él%ﬂﬂ?ﬁ}{alueﬂﬁf‘é’ﬂﬂ?%gﬂg ifl\; T nﬁ%segoumuﬁed

?fn h&@@qﬁdnﬁﬁeﬁ%@ lan@ kéﬂ:@ﬁf]es bd e@er’ vaﬁlescﬁﬁlﬁﬁféd\fﬁﬁﬁ tHilter element
low meter signal) 30 outputted fromthe

. nTaha dzampuzg)a_dmster 208chad ardpinpingalluseoudprtp e didter element 206

}eréelves e nognahzed flow meter signal (i.e., a second version of the flow meter signal)

outputted from the normalizer 201 and the damping value outputted from the damping
adjuster 205, and has as outputs the error value and a filtered flow meter signal with the
noise damped out. The scaler 202 receives the filtered flow meter signal that is outputted
from the filter element 206 and also receives a version of the maximum flow value, and

outputs a scaled, filtered version of the flow meter signal.
4
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adj uster 205, and has as outputs the error value and a
filtered flow neter signal with the noise danped out.

wab@sssmBer 202 receives the filtered fl ow net RCT/EIN3D27961

that is outputted fromthe filter elenment 206 and

al so receives a version of the maxi num fl ow value, and
out pufisoreration; a dovwrmeterrigepl jeipiightathe iRy metspfilierwptem 200. The

ﬁbglr}ﬁét_er ﬁlt&?y%?xg@og 3836 eF gfs?ﬁfag%ér%zg Giink ﬁoksg, %doﬁ\ls)m the noise

operati on, w et er signa I'nput Into't
uba:rewterﬁsitﬂci; detesyineeani@fing Vhime that m/mpmnato the fitter eletylemt@%. The

ARrAEREtHag daP flar ik Br<Sciede GeparA L S vige: The noise,
H@éhl'@ ckddkalk %ois@ [y 16!11119 otf rd%éctérl ﬂ‘@he@yﬁ@%s@%e tHd¥he flow meter

Iter el enent 206 anps | ow et ér  si

é@f@@nmuhgld thetefage @Eadmmg ouaab)a dle fittes emegtﬂg & ‘Eagcflowseter filter
]s¥s a0 %ﬁ@ 4 reg rS 6%115}8 tﬁegl is& lNllt%éﬂlﬂfS gévrﬂisr%l affect ng o degrading the

Autvabéteadia.t herefore i s danped out by the fllter
el ement 206. The flow neter filter system?2
t her efbaddiiafe fitsringsrossitalls HWS@,Hbﬁﬂo‘éfu%%tPraﬂﬁrévﬂym 200 is also

G &;C?S&td Fﬂﬁllzgl‘léga&?egﬁﬂ Gofs8 Eron J)t?lgf JRE&S, sqa% s P—F{ﬁ V}?h%élcal movement

tion tering cross-ta nol Se
br Vibeatiogy § blemaz?r@ﬂb lagpoaitive displacerper| pangf puts cydhic zarigtion into the flow

Exter nal n from other our ces, ch.
Fipe Ingsgwr me cagss, Jih lapt&geoup&) ulégg t%,ls c.é(chc noise in order to
HﬁﬁhﬁéM&iE%é@bﬁﬁﬁﬂ@ﬁ%a@%@@b&Qﬁﬁa@yc|'C variation into

he flow Deing neasured. In sone cases, it is
advanDagptgsefers ol nirevanding chanigss mysigriat swmgsbasevd]orofrdcmency

égﬂ’;??‘f%‘%ﬁ i)]% élg gc{:i,[tor e oé%%ﬁgljis 1 hﬁ %@&ﬁ?ﬁm&% %ﬁ%@i g%aﬁémg at a faster
BAS 8fdn @A uhd @HHEN YW nlcter3asH. nDaIﬁﬁﬁngﬁn Hfesfotcd eI Y RoRe signal

noi se si gnal "when the noise signal is changing at a
supsrigposedaaren flowimeder dataisignali e dm@mnmble cgn §p aglected from a table,

su pl%?IP %16 %8 s%lgctg&cn?c{agv‘t\)/e%e X eongont% ﬁﬂ@Tﬁuch C?.S a n01se amplitude

Yeiol €se6 dabled £l Redapardyinpdiscuksibh Belowﬁ OIn £digttpl ﬁilter'Eh&odlment the
sel ection can be based on gne or nore inputs, such as

darping ¥aligsen tepersent flipg so¢féigientabl e 1 and acconpanyi ng
di sc uﬁ%%%@erbﬁl S8 1o 1PexRnling 'dtcu?b%nflg' fhdu Ed\geg%?y irﬂﬁ@ﬁcmé/ﬁ@gradmg the

20 danpi ng Vval ue can represen I'ter ¢ I clents.
Howeneter, sigral oheen floor fatecstange ddvars) theplangpifg value can be selected to be

dversely |nfluenC|n /degradln the fl.ow neter. sjignal )
AUTENE § GHpstiondn Al miter e -t&éraa%{%‘? K wylatiyelydage o rapid

?1%11%@ £k e w Iﬁet*e{edath efsr by a@rahglaeﬁ chd 8&uk WhERS flow meter is

nmeter signal. Atransition 1s a relatively large
taken apiide ocbfitiye, whert the qhhmity o€ flew mlaterial pessingthaoyghe, flow meter

gt}?nlgpsz@l %IF oggn}ﬁ{:c a Iaﬁg)%ung %Vﬁ%en Ebl%%grrv]\feq L er ]f Ig% %g,ptreaslér%r}n a liquid flow
MRt 3lc. 1A%HE Bﬂbb&lh&ﬂg I@h@reﬁ% e AR theCHAR BRSerPlteR system 200 is
S|gn|f|cant anount , | es or pockets of gas are

mdgessiiuring tegnpifigus. dl“lidrvsze thetneiseas damapesd out gt @lpsser level until the

nbodl nse f h
E ri‘%a a§s§<li“ %g'ﬁ‘gg oy H’ﬁ&eﬂ‘ ﬁl&n ha ge%l;lg) om”t?}% E’Fteawlh e}? Jiulescent
(zfée sﬂa@les.eAlt thatl eiffieethe Adinpaig @hie&faﬁ% ih@¥akd UThé Harhpi@g according to

the invention is therefore dynamically controlled in order to optimally damp out most or all

of the noise signal.
The normalizer 201 converts the flow meter signal into a normalized flow meter

signal, based upon the inputted maximum flow value. The maximum flow value is an upper
5
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transition has passed and the flow neter signal has
agai n becone substantially quiescent 30 (i.e

wa@t@bloa3634 At that tine, the danpi ng val ue can BET/US2003/027961

i ncreased. The danpi ng according to the invention is

therefore dynamcally controlled in order to optinally
lepathendbe %é@et@rm%al angran hiea Helne detgrrgingd by ialibration process, set

&Q{)ﬁﬁﬁ %Pllt\xﬁg By &b rﬁﬁ@n{llt%é BRL &fhe DhaAAhm! P vAlue can be a

nor ma neter signa sed upon the inputted
comxiaty) o édndw tirad- umabThmMahgma’mia‘ Itémng/ﬁiemammumﬂcum pelue, the

5 WO 20%@/ 033634 P 8200 /027961 E‘“‘t on zhfltgw .

nemalizerZ0} gprmatizgs aaga%l lagleté? AR §r9{Fr fhan the maximum

ﬂ@\’v 'vau@t TR Bk BG @68 sostﬁht thé ﬂ%ﬁfr HeRofik& s?st@i@ltﬁ.@() da¥ B8 uSéd with any
low material type, etc. The maxi mum fl ow val ue can

Wpe af flowmasterrand any ﬂ@afnﬂgi@l tqvnbz vathedlsvemgieg filter system 200 is

in he QW .V t
AR of tsgTo i Al PR P B A GicsRtis, ) np embgdimen, the
f@nREz4Pngs aicticcoridaiy tbm@e foexupm 5 f 1 ow val ue. This
can be done so that the flow neter filter system 200
can be used Wwith any e of flow neter and any fl ow
signal level, i. abey _Pignelr filter system 200
is iNdm@izdé_rﬁlow# the type of flow neter and the flow (1)
conditions. In one e od' th 1t he normalizationis
done according to th 4 Fl ow Meter-Si gnal

Nor mal i zed, Fl ow I\/ax Fl ow Val u S er 2
i's t hEbHAS E%thh%FOI{lPﬂ@nﬁBWféh‘? %%ffnagéa& gt%géaﬁﬂsrrfoz receives the

afaed G f;hé(l?z%d%@v mder &ghf@ff&ﬁ the ¥Rl chfeRfi2dd AW J¥BIeS it back to

Si gnal omthe filter el ement 206 and scales it back
MStaﬂtmaﬂ]yttha sanaé dryplitnde ssatine immted flodemetst sipeali Apistis dane by

o RTEL L 808 TS L 5020, Bty TS T D e

IE{HJ;M ui2h ﬂG@Waﬁfé 1§’bhetct31‘=°rl 1eFRes HPtHefdhxﬁWoﬁ at iR flow ldr signal by the
onpl ement of IVISIOﬂ of the flow nmeter signal by

mmmmﬂowmddellmﬁhwmrmehzaﬂﬂhe normal i zer 201. 20 The

n0|se ass fi recel ves t he no

ot or T8y e poeh g eCG o dfEnd i ZRERED g i th sccond
VR4i58) SldPaddes Ohlye noidderdl Qw. TBé Bowaadter dasa RIbtsdked). . The purpose of
The purpose of 'the noise pass filter 203 is to

hemersaipass filtes 26dhigrip daigamir thewpagnipile of apy cigss-tagk noise present in the

R3Sk bl e QP Rl 958 a5 000 5 PR prses
freryeiesinale ramgt beabcain QQ)ZGfH@IhQHI’z) . deﬁt HElzf sich kg hn implementation
about 1 Hz, such as_an jnp ntatlon [

apskigh A H%ﬁ@sfﬂlqef,gpr e Xléllﬁglp &mb pamg)qf%athg Inc()girs]e pass filter 203
@c%ﬁyewkiw Iﬂﬁn%@hﬁ%kg%%;} g&%}%ﬁ% ﬁl%g Yie. Cé?f"&?falo%%ltéi‘)" In another

Al't'ernat1 ng I'ter (1.e
anbodigefiti the roipe pdss ﬁémenmfecomlmﬂosdm hfﬁmtetlm@u}so Rs‘epqms ¢lIR) digital

I ter 03 co inite | npul se Response
%ﬂt?rR)nc bﬂgtaat’fengrf‘i P‘i%sliﬁg‘ii Eﬂ:ﬁltﬁb a second-order IIR
di gi the fdibd Siss filter 203 preferably has filter coefficients that have been selected to

provide unity gain and a zero phase for frequencies above 0.025 Hz. In one embodiment,

the noise pass filter 203 has a transfer function represented by:

0.9993 - 1.9986 * 7! + 0.9993 * 72
H(Z) = ()

1—1.9986 * Z + 0.9986 * Z>
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The noise pass filter 203 preferably has filter
coefficients that have been selected to 30 provide

wairiosp3mgai n and a zero phase for frequenci es aPCWES2003/027961

0.025 Hz. In one enbodi nent, the noise pass filter
203 has a transfer fungtlon represented by: 0.9993
whe@9B6 Ztrahsorm \Qrighle T *is Z-pReHpys) Oupyt 2} tlmgsﬁt-l)= the Z fransform

86*Z- 1+0. 998
SR S o 16 o

atSthe ML Vo FhHG et PThé Zatantform vatiabll} is donemadnly msetstoaepresent:
variable Z-2 is a previous output at tine (t-2), and

the nunerical values 0.9993, 1.9986, etc., are the
filt&=ec0efficients. The Z transformvariable is ®)
commonly used to represent: 5 [err] It should be

undenssoatt behatdetshmdrihatehé oaheridal fiker eodidi¢nds giver above are just an

gi ven above ust an a .oV

mrple oo SHEtt ARY BHOPR Hritt rRGR A ilyspegiven: The
R E&gﬁglleﬁ@ Ran E@ Qaridd ch@fﬁlng]q% fifid §be Bt flteathehmber beflters
according to the type of the nunber of filters
gbfiergngnaise, flgwainddions,| mawr@mnmtﬁh eenditiogsats onnent al

hgni t ude and

e magni tude and

p h as Q*‘IGeg @H&ﬁ%efrﬁgrﬂtﬁ& 316 lﬁﬁsepﬁslsorfséd foe theddse pass filter 203
according to one enbodi nent of the inventiaon.

t
a@mmgeto shownbodiment oldhe EWeytion sin the SFHIFRIF AL gfef ‘itg%q“&ncy has
val ue of. o
begn Bglﬁ%aém @ ?C} z%]@ qﬁ%{/ﬂf@lﬁ 4 Iﬁ‘eg@@%e%ﬁ%ﬁ(ﬂgé}% qsh g%tgl;ﬂ%g%%peonlsg at the low end
dfhige frRqURNEPRBEE 13, thé MalScqnossi bliepdssible idiagligitd] filtiel embodiment to

L T e LT b L macc o LT LSE et
1hﬁ&%ﬁ%§& gl?l@!ﬂ }% hileRidep ﬁ { fifer ¥ %ﬁoﬂﬁ%‘ét fkdnlugte tBDbise signal

enuat e 't he noi se signal component and
cvnpofletiiing wtoudd mn:tplste.t mnsqmnmomeﬁrtdmwng aannggwdp afie dBfangd a zero

%g(p%&)%pge ﬁ\% tatnfr éggﬁﬁaggfs rqiﬁ d—iq, aYt\l/téth %ge{%%@fng%g% fhe output
%?%ﬁhﬁilﬁ Qf 200031 Pn AL dilfnal & SeackhAAdital Hltainglémi@itation has been

I'ter inplenentation has been neasured at
abasuted-a0 amlt d®22 Bt Wih g samplingjrateefss dr, the pagnityde has been

@F%ﬂ-}ff{dﬁ’ﬂg gh?u SQ‘.E f‘gk/(g?rg%%al o %%3 EPI%%%E%%% W ?ﬁ %%ov@h side of a

s%@%arr?ﬁﬁ’g kdte % o BERr Helapid REgRIse teleayThe Iaamlahmgmmew therefore an
time. The sanpling rate I s therefore_an, adjustable

qghmsﬁabé@ paramiier thebeanthe eoofignigd deang gp rhﬁgtl%ﬂn dFiagoBAragen-
u t
nor seRgfoane Bt 139 FEREdHARRLEA fniestne hSo signa

SUb ARt Yoisé pass diltee2(Bamsl fanktates id chanactgastms aff & noise signal.
nol se characteristics of, the Apm se signal

ransgihediment e Reise guad\glgﬁ{ 204 measyges %ggmugénc&senl%vel and a zero
gt [ (ﬁqh? ﬁ?lgéeé’igxllal gﬁé’ %f S eProRf JedSbt it?é/\%}ag@fnols@ Qontent). The

nol'se signa set fromzero of an average
9b SEseant@pt hoisd tumtent serves as an indicator as to whether the noise pass filter

203 has settled down to a substantially constant (i.e., quiescent) state (see FIG. 8 and the
accompanying discussion).

The noise quantifier 204 in one embodiment accumulates noise data over a sample
period and measures the noise characteristics for the sample period. This can be done in
order to accurately characterize the noise and to prevent noise anomalies from unduly

affecting the characterization. Since the slowest expected noise signal is defined as at least
7
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zero offset/average noi se content serves as an
i ndi cator as to whether the noise pass filter 30 203

wha®wsssdeB4 ed down to a substantially constant PCT/8S2003/027961

qui escent) state (see FIG 8 and the acconpanyi ng

dlscu33|onh The noise quantifier_ 204 in
hich gisess iy are esriobpst) waprdsdibis lglpglaﬁw% compute the average
R cl%ﬂteﬂpgalﬁgéﬁ S plb i 04GR GPREAUIREL SIS 6Fadar the
e period. This can be done In
ac cu r"ﬂteedaynmngachusterrZOzS@enbreteﬂ Qi dsmpargjvaﬂwe tyhaietv @sed toalagp the noise

SR P BethPy et el thedmiie SF BireBmniigadivste 205istp adaptively
gbat!h 'dﬁm?ﬁf%ﬁtﬁfé cﬁ?th@ﬁltér%?&ﬁ ent 208'\6astd /B3R tbise levels and current
US2003 961 0.025 Hz (which gives a wave period
ﬂﬁw garigmnendby damping gdjusted2@preceives asdnpifs ﬂletﬂ%seésléiﬁé gistics from

SR80 LT SRS P O B0 iy i

1y a8 fdieN@ ceht 06! Tk elrdr viglael céapiiarieddbacknei lsew c@mlpletﬂly the noise
the flow nmeter sjignal. The purpose of_ the danpin

ig bpl@gtdempz@ gufj of theonormalized 20w ntersigngk Theedampipg ﬁ@uster divides the
glbeg urr Lé&]?l{ W%&q\ﬁfégﬁl ggtﬁlr gﬁ%&%ﬁge ffgﬁ%?ﬂ%‘e 88158 Signal is

mdstuﬁﬁeﬂly Rfferedeeinderag. e, ipudanping adjostee205 determines if the average
characteristics from the_nojse q%gn%&l Id e§n204 and t
8

DRSE SAFFARE 1SRRI P BEedeisrBmgd dpepcesh thas fgmbodiment of the
B&Y ?5@9& (fl@ ﬁlsgﬁéséd':‘fn c%ltaqu&w %Q Bonjditfio8 Wil Fialue

cornp fe how conpl etely The noise is

bei n ngmlai‘qmqﬂng) aldjusiér 20r$en woe pabpdisent ixew thesinpwttes ngigeland error

e danpin ster divide zero offset. b
Ve PR A 18P e R el AT o RSP e value
Tﬁ?ﬂé?bél'o%@ lan legamle R bANEhBbdid eREH LdRihiRg PAlREIaBRY. O
(i.e., the danping adjuster 205 determnes if the

¢ hge noi se content is below a predeterm ned
qui esgent. tt\;gshol d). (fo ment of the da'iPdp’éQRange

adj u m@éﬁ% dis

conjunction with Fi . Q

one enbodi hent uses e § np and erwg "5(11 RC*0256)
val ues as ?nputs int¥Ca dar n*OQQ‘F’)ues tabl e Hfd {15oRE * 0-128)
up an apprépriate daNgi‘ng v Cue003?ﬂab| e 1 bel Y ,@—530*0064)
exanpl e of8one enbodNGen(l -oRCa* &8 ng val ue N&u1 €.+ RC * 0.032)
Tabl e 1 Danpi ng Val usCliofier RBan@608)pper RangeNCO* (1 +RC * 0.016)
NC* ( 1+RC*03256) 20 INGG*(II+RC™00.088) NC * (1 MCRQI+RC * 0.008)
0.256) 2 &lﬁ * (1 +ﬁ@ﬂ*§¥%ﬁ@®ob@* (1 + RC NCO: (12BRC * 0.004)

RS R po4) 8 NC*(1+RC*0.002)
% g iig %ﬁégg % ( 1+ 6) 88@%2 NC* ( 1+RII§§01 éogic , J.001)
NC * (1 + *0.008) C * 0.0005)

where NC is the normalized noise data constant which is the noise floor and RC is a
predetermined scaling constant. The predetermined scaling constant RC is an optional
feature, and can be included in order to make global scaling changes to the table. The
normalized error value is compared to the lookup table to determine the damping value.
The damping adjuster 205 in one embodiment can ramp the damping value from a
current damping value to a new damping value, and may not immediately make a full
change in the damping value. While it is important to allow quick transitions from slow to
fast démping values, it is also important to limit how fast the damping adjuster 205 moves

8
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64 NC * (1 + RC * 0.002) NCt(1+RC*0.004) 128
NC* ( 1+RC*0. 001) NC*( 1+RC*0.002) 256 NC * (1 + RC *

WO2@803363NC * (1 + RC * 0.001) 512 NC * (1 + RI/US2003/027961

0.0005) 30 where NCis the normalized noise data
constant which is the noise floor and RCis
bpdleed @y dimpibgsehics.nlf teomsy é?mlpmgl’i’él“ﬁﬁ%@é@é?hﬁpﬁ]é‘?jpmcedmg

scal [ st nt RC t

RORBEE 2 S oL B o 020 g s
dh@&l}l Rkhefltdh@emaanuel Hoedver Ithe Hew d&mpmgmal‘qeas gldwenthan the
the | ookup table to determnethe % 5
Pwdma@pmﬂ?glga@ﬂ%@ S 1508 e SREP G SHER i popuaiigd damping

Vﬁﬁ'l% 1%.§§r% g}i lﬁg 6 {h% erar/a c%/ él{@%lug gsgg FG. Valdi@e ta@coﬁlpanymg

tely make a ful
dedeasgsh)] n the darrplng value Wiile it is inportant to

el o fier elemaneetd S SRRt AT RoSHit e kBRorE R hd damp the
ﬂg@ﬁlg&g 6‘%%} Hhetef ki 95 THe Y@Rr &efﬁ@utzﬂ%'ih @33 eédbodiment comprises a

02796 back to sl ow danping values. |If the
seendetadgi filtpry & arethes efbodionent, b filtercelgrrent 28 ggmprises an TR digital

e R aeeiidirer T8 (ladiePaRET Arf o A50RL By UMl fltr, as

dpbbdedlto 8h 8AROE £iROH is thiovmBy eigital ﬁltérh:@n bew/y@tmmpamgcozmﬂoued during
'S sl ower than the pr ecedi ng da value

qpsraaonaﬂ“genequ erthe Agovniof dympingan ?B@F R ?fé‘a aﬂﬂsmf?ély Iemove
It()ésg o&t 1@138(‘:341%’ F]}{ewglefép ahQ st 9 rlﬁ"&ng %{ﬂ%ﬁﬂnéﬁ@ltﬁ@ﬁlter element

€ ‘acconpanyin dlscu33|on)

F06| ogfpriebsermnbnd6filet HRahgitdl dilteethat hasrtbe afamzséertfhactlons of:
danmpi ng val ue and danp the normalized flow neter

~signal. The filter elenment 206 in one enbodi nment

conprises a se@bndwolder filter. In another
enbdemEﬁﬁﬂ+the fiIter element 206 conprises an IIR (4)
digital 10 f| ngl glng a second-order IIR

di gi tal fllte "8 dvan age of using a digital

filter, as opposed to an analog filter, is that the
digitgly filter can be dynamcally controlled during
operation. Therefore, the anount of danping can be
changed in orde@Qrdﬁobtlnally renove noi se Wt hout

| %I gémﬂﬁg-lt he flow neter data signal. In one ®)
enbodi nent , filt enment 206 conprises a
second- or der fpﬁﬁémeﬁéfllter that has the transfer

\fyi;g%té'lg gzm'g}c@mp?e va&{tle Ui 1st a clgrregﬁ}npu%( sam_pl t%s c_fetermrrged1 Bom the
current input sample U and a previous X value X1, and Y is defined as the output
determined from the current input sample Uy, the computed value X, and the previous
output value Y. A digital filter such as the one described above can be implemented in a
processing system, such as in a Digital Signal Processor (DSP) device, for example.

Flow Meter Filtering Method — FIG. 4

FIG. 4 is a flowchart 400 of a method of removing noise from a flow meter signal

according to an embodiment of the invention. In step 401, a flow meter signal is received.

- The flow meter signal can be pre-processed in any manner, including normalization of the

flow meter signal.
In step 402, if the flow meter signal is substantially quiescent, the method branches

to step 403; otherwise the method branches to step 404.
9
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(Xt - Yt-1) Yt = Yt-1 + (5) Danping_Value 25 Where t
is atine sanple value, U is a current input sanple,

wXeoos®3mdet er mi ned fromthe current input sanpP@r/Us20a5027961

a previous X value Xt-1, and Yt is defined as the
output determned fromthe current input sanple U,
t he chriten €, betayse the flosnmietehsignal év substantialp @uescml. alarge damping

filt s the.o descr
Vs SOk R ably'hle SHED BEANCHEHROTRE! R 1 0%hEine
Rldﬁlvg]lyts&dwl&; ghiage KHOGRHSddm 1§]1E§Bén BeMppiRd viflﬂfouﬁ‘a@émhg the flow
30Flowl\/%& Fllterln od - FIG 4 FIG is a
PrisheHam t 6{5’%\’1‘3@ ﬁaé‘fl %Pdcﬁm}’ &mwwgtomog@ltmf & flow meter signal
¥Ry ﬁbggﬁjg a%)%gg ding to an enbodi nent of the
I nventi on. st a flow neter signal is

r ecei estkp 40ﬂhbedahm/\thaﬁbmmstegﬁgﬂ1al dsexposennige fargeaesssid changes in
zation of flow

ner | udi n
S R pingy i 16 B iodgn 6 4O sPtsbapahelnchis g the noise
donponbsttoFihd ﬁd)\krlfnéiéi‘ ﬁ%ﬁ?ﬁtsub&ﬁﬁlaﬁﬁrgﬁgvéartﬁﬁ‘ Gh@sut atf%ctuég the flow
step 403; otherw se t nmet hod branches to step
mgiepdas/ 033634 PCT/ US2003/ 027961 I n step 403, because

8 LRI BRE VRO p ot ant oy g escen,
si gnafIG. Besafischére 560 ofv methed ofahiRlin fﬁoﬁ@ﬁt&ﬂ' anf%w meter signal
relatively sl ow %ﬁ’fd‘la | ar ge anount of i ng can be

aspdingdo whethey embadiment of ftlﬁéeﬁtm@wlnﬁ@pépl,opaﬂ@w inetertsignal is
only the noise conponent of the
r%%%%% geVﬁ)hglﬁq#scg&:ég attenuat ed by the heavy
danpi Ingtepliﬁ)zsthe Hlo#Orheteb data isssbithstidllyofittered et ofagitetlvetston of the
xperiencing | arge o\g rap| changes in  value, a snall
fﬁ%ﬁmeﬁg sigaph g orderdp phtams Fbstepiall) E Reise pigatlghhe meppurement can
r
AR R orp S o %Z@?ﬂéﬁ%%% B BBty AL Ebice out ofthe
ﬂdvenfetemwgnabtl’exr edanple, the d&th can het@mox%dluyearhlglgpmm bahd-pass filter,
(ﬁ:\ a flowhart 500 of a nethod of
arsé’ﬁ%’\lz‘?ll»?gv 8?“§%e roma flow neter signal accordihg to

anot NekteBH9 dihB®bise & mb4A8rddtng Abise %haxla&eﬁ@;t?og arPthereBy obtained.
flow meter signal is received, as previously

Hiemwﬁ@ractlenstsqsepn §eRydetapaimom mmseearnplauée arsl a zero offset, as

p%gka?lfswl:sr(gtl%slg d. l {l (? geh (ieasgﬁzoftg tgpl\éee: [%i arac er?sftlcs are dynamic and
catl bBdr@Bolvad finde. pBéxee;daﬁip&e tifel ribikR| charblORrifB@&SISnBHRIN vavhen other
be perforned in order to characterize the noise and

floynmetcssare yowdtlh eherspesss bing ansk thetegore prgratifeg @pss-talk noise.
}fdv%%{ otHe? 'hafsé sou &?s a[r{: Qﬁo ggﬁt@nﬁﬁﬂedb Such® rsr%}{%go&}fen?al nor%e from

ass Or
pumpmg equipment, for instance.

In step 504, a damping value is determined from the current noise characteristics.
The damping value represents an amount of damping that will substantially remove the
noise from the flow meter signal but without substantially impacting the flow meter signal.

In step 505, the damping value and the flow meter signal are inputted into a filter
element 206 and the filter element 206 damps out the noise using the damping value. In
addition, the damping can be ramped from a current damping value to a new damping value.
Graph of Damping Effect — FIG. 6

FIG. 6 is a graph that illustrates damping removal of noise from a flow meter signal.

The graph includes a flow meter signal 601 and a noise signal 602. It can be seen from the
10
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as previously discussed. In step 503, the noise is
nmeasured and noi se characteristics are thereby

wobigiosssd4 20 The noi se characteristics can i PCT/US®OH027961

maxi mum noi se anplitude and a zero offset, as

reviously discussed. |t shoul d be understood that the
Resire thee wabm e sians] 6% domaad eutathe HogR ks sigaalRf can

e Eor ) ) van ’
O L e e
Rsmmes imkichangen to & herydhgrespgeseainae filter. dPwiwg thisltime, the filtered

noi se... However, oth oi se. sources are al sq.
SG S v oselerrenblet PRERRENTS Foeke e Fihevguually the filter
:glé{éﬁi_ I RAkBRR ko a hedvilyiRhPRE Signkln step 504, a

anping value is determned fromthe current noise
DimpiagtAdiustercEIG. 7The danpi ng val ue represents an

anmou f .danping that mwill s kal .

o g e e R S BB T 8 bBBaiment o e
BvaaioantiiheldaspidBragtster@0b hiethid @bdadinerit intlgded absblntestatie blocks
505, the danping value and the_ flow neter si

|
THpamdt 794, proguctdlgqks 762 and g0 witehing biskader Iﬂ%g%fq’ Py lelay blocks
TR RSORS00 1 SR A 10, amping il

Bluck 208, adelationd opedatoe btoek 09eand diatapiping delbyieceffiGeatitiock 711. The
of Danpi.ng Effect. - FIG 6 FIG 6 is.a .graph that
inraE RS HeB e BRGURH TEIHOR QIS SR Qo et and zero

' i nsvapal 601
B e A L T
2005/ TB3H8duRGTeLSHA0EYiI0eH6 zerofoffetrky the maxighen flavevalue in order
noi se signal 602 is danped,out, the fl.ow geter signal
Bneal A GRS SRS G OB Fu R content and
RALHHES Rl dibthAR 18IR thd AtfEse digraio £Y&t BMhiS nofse P8 $€lekd thin a
changes to a very fast response tine filter. Durin

: . [ . g .
prieiletemniined quibssefi thrasheld, then thealoisgilevel irsteteratinggldp e substantially
resenbl e .t.he orJd qinal flow r..Si |
afamptanry Dot apRais Y 8558 Re fibbing yalug Igokup block
emvily danped signal. Danping Adjuster - FIG 7 FIG

7 is a diagram of the danpi ng adjuster Zgg accordfi ﬂg )
(o anTentalueralugblogks/ol agdis tes, Ao Frpjflngs of their respective

| S i i ' f, I i
P B B0 SRSty OSBRI i ok
204. t THY dbgolteoaitise 10k Foidoutfifls a positivel edraryvabbecioklse berf06 707.
and 712 (such as 1/Z unit, delay bl ocks, .for_ ex | e
an i ntke q,\glé@u?g)blpcé 7@%)@9@19@5 t@g%rlr@glmgmd@kse—y@gl’e, tzg%ms)e value, and a

Erglce ?@%}8?@?}1&@1?58?&9 %151? Idgl%g le)YOQg 708N¢ha s{AMhE glog% gM is configured to

anpi ng adj uster 2(
outpttittie soiséiealee ifdhe nomxvatuensiess slegn thexiaximuh noige walugeand output

nd zero offset inputs a Vi oysl y_di.scussed nd
B B AR 0. MAGH dht Sy R BRI 5 204 5 output the
gﬂe\ﬁo?ﬁ SwitQe o B ik S8tunlMelah) B1TBRXIOBYIMEN AW StBbuteng Elther the noise
rder 15 to generate a noi se val ue. The noi se val ue

value epthe sewimuinveissivatuse Thae ontpytohibe switeling blck A4 is connected to
the input of the unit delay block 705 and to the product block 706.

The product block 706 also receives the noise value and the maximum flow value.

The product block 706 divides the maximum flow value by the noise value in order to
produce a normalized noise value that is outputted to the interface 707.
The interface 707 passes the normalized error signal and the normalized noise signal

to the damping value lookup block 708. The interface 707 in one embodiment multiplexes
11
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i ndi cates the distance fromthe noise signal to zero.
If this noise value is less than a predeterm ned

w0888t t hreshol d, then the noise | evel is PCT/US2003/027961

determned to be substantially quiescent and is
h to,.be used.in the da

h f t
P RaEn e B B st Sahd tortyakre! SRS i iUsn SEHBY Gepas wherein
e HaAPthgidud 1BKEug ﬁlﬁcléimeb'éﬁesVaahHﬁ% i@futt hei r

respective inputs. The absol ute val ue bl ock 703

out pulhke darppisg tvalue lonkiup black| 708 gereratse t@dmmgngalm Bet the
solute e bl ock 7 1

AP e Ry R Pl BoR Bty 38 o ERRTRRRP R bl vatue

60K Bloek V68 périfi@nivaxhlbiy rIadk@ $€ oﬁdaf tdﬁobt&lh(%hd’ldmﬁlﬁng' ®hlue,such as
and a _unit del ay, produced HX the unit delay bl ock

Yeyse Lidiscusthda cpaigneiasckitly BYO.i % abeysr i dgrdemptng vabep lookup block 708
&#@&H%J Jb‘fnr#iﬁ%§ﬁu¥ & t{ﬂ@ rdiftidn3Bo o&?ét&ebl\é Hgo.i s | ess than

t maxI| nmu I se val ue, an tput the naxi num noi se

val ueTin hiralwiage of the dadgbirg azdjlustetrli@s ging.} thblcnglpbhemtw (P9%A12) control

815 ST Bk HOST ARG HEHE R UESh o B8 AP per Glock 709
é’cﬁ‘ﬁﬁb@esoche hbe d'aﬁff)irg-’smﬁc(bﬁt%uﬁ@d b‘yethemﬁlp%g Pithe Bt)kﬁﬂ"ﬁlock 708) to the

swi't chi ng bl ock IS connected to the input of
cmient dehpng yblvelav7iibleat dha entpitef thodmmping hdjoke72B. Ti@ relational

it BHASHE 10 er e s R SR U5 i S et Baiew damping

aulﬂéﬁ@ﬁlallb@thaﬁmmmeﬁdm;ﬂ@v@u@y the noise value in
order to produce a normnalized noise value that is

out putheswitchinglalopk{ ¥} hages inpors thypew|dgmpingvadue e current damping
I I
!gaié % gﬁd Iih'l: {A‘Plo{fﬁ oluﬁ)%g dg%@rp%léc% ugcl?'gﬂkts Qg%ﬁ%{; E@%)O%?e%t and output

dither th&trﬁlwf i@ valudooihe carfbadanpitig valid, kiB}bdﬂ)dﬁg onlthe Whitional
2005/ 033634 PCT/ US2003/ 027961 _the nornalized noise
g ll Braerammirgalng s grellerghas thgearrentfiagning wlte then the

Jvmdiliﬁ{\;g HIVRER R féedg {ag ng@ g\«?’alldéedﬂe%ﬁg Wt@loﬁgﬁl’t "B8wever, if the

receives a single 1nput danpi ng v
ievodémpifilg vgkeas it ges tltaheh@Ian;tnnn Jaruping erafueptinet the sw1tchmg block 710

a}%rggn%% Iﬂaéﬁ;?ewe ‘c{@ﬁ%lag }1?181: L Eeg@t{lg]%%%ﬁgy&%t ng?lngnd the unit
d}@;{}f PI G @rabpl bl daﬁ‘%ﬁ’givdlﬁb QU@ rdrR ARG At &eﬁﬁplﬁé %’l'uB 90 the new

val’ue, such as , discussed in conjunctioh wt
d?eln@mg valab by enuliipigingdngpievg dsmping velwe by delaycdoefixgdent. The switching

B G e Rl Bt rds et Rg Saey BEe B a0t

(i.e.Thd Jilﬁndﬁﬁgrﬁ@lﬁ? RO SITiieRr 711 Zefingdd 8&hpin! h@teraﬁa Bortfols how quickly
whi ch t he danpi ng val ue can be changed. The rel ational
g

tbpdraping adiustsr 200 gan pponthg ey dmmgwah?@rra‘hﬁ glamamgeielay
ﬁ%&&t%?nﬁ’x ;Q%béj %@ﬁ N9, ValK§ %ﬁﬁ%’ %r‘%ﬁlénc? )1 qfutput of the
nprng v

curre ue aval he™ou

dhepitadElay doerdrient A i2 ﬁ@utt'&hﬁltcs leaiitairbly 71aper at or
bl ock 709 generates a relatignal output that indicates
whet hEire yHkdeley Hadgdpdhe Jampiag valug hwaﬂus? eiqraynadifielay period. The

ﬁgﬂé't&ﬂ{mg@&@ﬁ}pgeﬁ/o%l d4fi be a constant value, for example, or can be obtained from a
table. The output of the unit delay 712 is the damping value output of the damping adjuster

205. The damping adjuster 205 therefore generates the damping value based on the noise

characteristics and on the damping delay coefficient 711.
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The switching block 710 has as inputs the new danpi ng
val ue, the current danping 15 value, and the

WO edoasmaal out put. The swi tching bl ock 710 i SPCT/US2003/027961

configured to select and output either the new
danpi ng value or the current danmpi ng val ue, dependi ng
AEIDHIY VIHHES — BAH-Put . | f the new danpi ng value is

snal | St Rented in the fl

ST, SR AR e bt e v

rdéteetiiténsybtomt 200 aouirping to kivwmbedimen of the inveetioni albiyi fignre shows
er than the current.da

AR AN Y DY QRe/TD VS5 S KARREI N R PR ApTT g @ damping

%é&%ntblérselé%d tnbﬁorﬂf‘%’deﬂ nded @éélr%@ ﬁfnﬁ)hﬁﬂ F)irig bicbn the time
the unit %712 and ranps t danpi ng va ue out put
Ifmodrrtctvereduun o tOcP&inﬂVﬁ ghemﬂn@d nQiSQ dampiagy Fergxsmply, a damping

e e e e LA

@ﬁbﬁ@f@ﬁnﬁ)ﬁfﬁi’vme R@tnltbﬁlgt—OFIGl@ danpi ng del ay
coefficient 711. The danpi ng del a coeffl ci ent
ait;aafco glgtoan

-

def i ritz,lﬁ 8 g aspiphdhat SV HHETEERE PO
Sl L 00 Bt
@m&@blnie Iatdat@ueg muﬂlﬁat is beightrairgpédanpgever tinan TeeamPing rate can be

out put. of _the anpi ng del a coeffl ci ent 1.s
ifslrdingnd TN beg B to-fhatgst 5%%%‘1‘7“1?“ a
%@é& 1{1%:_%&&,%%9‘1 val ue by a pr edet erm ned del ay

erio predet ermi ned del ay period can be a
const Advanvzgemasly,ftior flew ampérdilteving aaerrdimgdo the ineentipp gagkdes noise to

30.ta The ou t of .the n|t delay 712

B Corarad By et s@at, g - Bl e, s ering i
AR0RbREh AN HRuEAcotitfing R TRIWOMEtes EAQ IR TRIIdWietta Bignilg In addition,
val ue based on the noise characteristics and on the

e fiftering aetommadstssidatsi tmmtlmam the flopw metosdaiz3634
PCT/ US20 3/0 7961 O e
El G gn?tg a@éts%e IZPVI QH b Dggpnl%tﬁ% glg/\g/igg uzzuslaltog Iﬁﬁbrs%onstructed for

B fréplesaBMtyBitail rdgnte i)hynitballly&mge chinpbsentss yA ﬂgnalzﬂﬂer
according to an_enbodi nent of the invention.

W@@m@m@m@mmmlsp@é @1 theglgserihed eg}}f@fillfl?lﬁ%achmphshes more
N

on t esi red
@Rt fAlteiodys@ANPIMNGn bettplemented ih |anEApppeat1(mcSpeei:ﬁim Integratad Circuit
order to achi eve the desired noi se danpi ng. For
fipi ng value of 1 has a nuch faster

resp ﬂ%gthgpﬁﬂ/aﬂta @B‘Ypusﬂgg':é’ @ilgitﬁl @fer %@pp@éﬂﬂb aﬁfanz@@@ﬂlt&g is that the

Val ue 9 i's a graph that shows a
dhgr‘qtil frig:r oﬁn bhéyttbanpal}yg:onabld@ mqmera@lono The filtering can be

rrb nt of . t vention. The .strai Qis
ABcFoutnips oo e cRRiE! Bkl o 2oy

&ﬁﬂﬁid’l‘@/lé’\%ﬁ# el‘HePéi&re' the *ﬁﬁioﬁﬁt SR g/ Enedhahedbn oﬂ'dw to optimally

ranping rate can be selected in order to ranp froma

tmngn moisg Withont inflyending tha flget metgnpitagisnall Jdivigdn ceptrast to an
eﬁl"? rnrplgnsegergg rvbt?egelr? fa ﬁtxeﬁngmount of filtering is performed. Such a fixed
filtering scheme only works well when the data signal and the noise signal are predictable

and well-behaved.
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Advant ageously, the flow neter filtering according to
the invention enables noise to 15 be filtered out of

w@ 2605088686t er signal, including cross-tal k noi BeT/u3ive3/027961

filtering is acconplished wthout degrading the flow
meter data in the flow neter signal. In addition, the
filtering accommbdates data transitions in the flow
WhESE ﬂ%@dmmm her advantage provided by the
nventlon IS size. Analog filters constructed for | ow

lf.rﬁqmnmleﬁsﬁltyﬂysmﬂ R00eauiprisiggnysi cal 'y | arge

conponents. | filter, 20 i nt at.i on
accordfif pass @gﬁ%&b% Gomdeted o F?‘f@gpéﬁ}e Sy siei of a flow meter signal
ﬁlﬁlq}ﬁfﬁo bi.efhe %loWOfﬁ@cer R4 KORI th inbhembledsighil o Wal&a noise signal;

ysically smaller conponents. In sone enbodi nents,
t he fd noise quenéficrf (QDfr)eqonﬁgslteém paeivedhe taisq sigihad fiont g noise pass

e e e T

fil te&[da:ﬁﬁi RORSEE(209) @ fi Qg rédelvie@he nbiSe Et@dctdrizeics from the
25 digit ?l i&t er can) be dynam cal I% controlled durin

nypeerquenbicr (PH® anidigenerpisd dﬁafmua&valw asstl e thenoise characteTistics; and
contro I

o Eh ARSI 0P RS BN LLANg SRR B P i
Adrrpéene: the ﬂaﬂﬁ@n@h&ﬁ@ﬁfﬁbm thealatieping adjoguer (@65), withrtberfilter element

noi se w t hout |nfluenC|n the flow neter .data si al .

(PAP)baing futhensntigytediiy d %mp thenaeorf verrieR of ﬂ@ flogp e signal based on
rmed. Such

t%? g gQ/&@ﬁ teri nlcji rgeﬁl(lg%g& H&gfrrhéteﬁi a@v\,hen t he

data signal and the n0|se S|gnal are predictable and

wel | - behaved 3 WD 2 634 PCT/ \S2003/ 027961 ..
TRR e R M e A —
&?&ﬁ%m&@r@@hﬁérﬁ%c?c&ﬁilﬁgﬂ%ﬁs filter (203) configured

to receive a first version of a flow neter signal 5

and filter out the flow neter data fromthe flow neter

to | ' | : i .
o0 hel S Gt o TP 8l B R UL Pl g comprisi
DQUcSRI-BARS Inﬁrhﬂet[ﬁﬁ?ufsg R33ponsel (MRp&igit fllerse
characteristics of the noise signal; a danping

adj ust er (205) configured to receive the noise

hay agt erl q b5 o
é ﬁ%‘? ﬁ?\g héte ai?rlgeir rslgsqvalt(ﬂ%) k())ggféi (} huft’ﬁ%h{n fglgglgl(sggﬁa}ra&&qstlcs include a
ShRhRet ﬁdslséampﬁtudamdi adfoaftkétl t er el enent (206)
configured to receive a second version of the flow
nmeter signal and receive the danping value fromthe

| Lieti theld d§AR8)205) i

%gﬁ# ﬁgw?]?ﬁée&fﬁlg%#l&%ﬁ)r%o OWI hﬁq (Vﬁe secongﬁgg{rgsal én 01)‘( .) ®
fultheif domfignridao redelyeah ehas agnairgeneﬂa’@ddbamm ﬁ};er\dd:m@m(ﬂ)@ with the

order to produce a |Ite ed fl net e

S8 S PRGTE § FiEFess eatsee Speand VPP e Ry imeter signa
h@ﬁh@&d@@sm&e}&l a1(203) conprising an Alternating
rent (AC) coupling filter.

6. The flow meter filter system (200) of claim 1, wherein the damping adjuster (205) is

further configured to receive a predetermined maximum flow value.

7. The flow meter filter system (200) of claim 1, wherein the damping adjuster (205) is
further configured to divide the zero offset by the predetermined maximum flow value in

order to determine whether the noise signal is substantially centered around zero.
14
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3. The flow neter filter system (200) of claim1, wth
the noise pass filter (203) conprising a second-order

wo pdos083684 | npul se Response (IIR) digital filtePCT/B82043/027961

The flow nmeter filter system (200) of claim1, wherein
t he noi se characteristics include a nmaxi num noi se
anplitude and a zero offset. 5. The flow neter filter
y :
SYERTIby e Plor o SEEEL T, KRG cHAND QPR IR R 205 s
firthaadonfignedds agubthetnbisefchiteterigiosnmnta daBPé)g tablietih otdve to generate
rror signal conprising a difference between the
edamangarli®on of the flow neter signal and the
filtered flow neter signal. 6. The flow neter filter
system (200) of claim 1, wherein the danpi ng adjuster )
9.2089 flow maer fltar system (MY iof alabd 1t whersinethg damping adjuster (205) is

BREEESLE EORHIR e L 1B g M B Bl fpristcs and o
@RhpIag aElay 38 iciest. further configured to divide the

zero offset by the predeterm ned maxi nrum fl ow val ue in
order to deternine whether the noise signal is

BETTAEbH SIS R A IO PP o Puichaq et U AT 08 comprising
4 2R0nd-ofdeglfiteim 1, wherein the danpi ng adj uster (205)

is further configured to input the noise
characteristics into a danping table in order to

: co.

T PACAGy mi? 8T8 Rap (R BLoRind, N G i Bk 206) comprising
adjnfisite InpAIBSR esponse (IR ) légitad Gifter.gur ed t o generate the
danmpi ng val ue based on the noise characteristics and
on a danping delay coefficient. 10 10. The fl ow neter
2.1 T8RS ASY AP K129 9y st@h (FI03obtlhim W ¥with kHefilkdr leledent 3206) comprising
el ement (206) conprising a second-order filter. 11.
asesond owderbifmiteflinpulse Respomeed( IR0 gt filterai m 1, with
the filter elenent (206) conprising an Infinite

| mpul se Response (IIR) digital filter. 15 12. The fl ow

Bt Bhe Ao hRdterSH &k 8y6td 00) of clalnil Wwhereiti thB nbibe sighalttes a frequency
el ement (206) ggggrisin a second order Infinite

inrthe range RE 8ot Hzrtp agﬁﬂgtilt-%HZfi lter. 13. The flow

nmeter filter system (200) of claim1, wherein the

noi se signal has a frequency 20 in the range of about

0. 02he filewingetetfilter sylstén K200) b claith @, Whereinnthe eoisé sigha&rcomprises cyclic
system (200) of claim1, wherein the noise signa

®PMpri ses cyclic noise.

15. The flow meter filter system (200) of claim 1, wherein the noise signal comprises cross-

talk noise.

16. The flow meter filter system (200) of claim 1, wherein the flow meter signal comprises

a Coriolis flow meter signal.

17. A method of removing noise from a flow meter signal, comprising the steps of:
receiving the flow meter signal;
applying a large damping value to the flow meter signal in order to produce a filtered

flow meter signal if the flow meter signal is substantially quiescent; and
15
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25 15. The flow neter filter system (200) of claim 1,
wherein the noi se signal conprises cross- tal k noi se.

wQaees/0ses3f | ow neter filter system (200) of cl ap@T/152003/027961

wherein the flow neter signal conprises a Coriolis

flow meter si [..30 17. t hod of .renovi noi s |
fr oﬁmﬁ;rlg M%@Pﬁg@ﬁi‘ﬁ tog%%gwga%r Seﬁ@?g} @8 tgiproduce the filtered
recei vi ngﬂb@@nétér%ﬂ%ﬂﬁ?%fﬁﬁe fb@NAlier APRH ?@ a@eﬁeﬂcﬁ{gg@gansiﬁon.

danmpi ng val ue to the ow neter signal in order t
produce a filtered flow neter signal if the flow

t si gnal .is.subs tially.quiescent:.and 15 WO
oEhe3s8ad opelit Ao Seerist BR SRR 06 e
danpbimehlivtgURe flowniter sighul Fohin ighdlvalue tOh@efmdlfxed value prior to

produce the filtered flow nmeter signal if the flow
net er si ghgldappingiped i encing a transition. 18. The

met ' tk ri Si f
nor VA Pg sl s it it GERR 0L SRBBLERRIG balk o the
val ue to arigiaalnfidw #eckr vinakempgritudet o t he danpi ng; and
scaling the filtered flow neter signal of the danping
step substantially back to the original flow neter

h g i e:To! [ .aim 17,

%r? er coﬁﬁ??@?ﬂéigﬁgﬁgﬁ%ﬂﬁ%@?tﬁ ?%&g a noi se
si gfiterilmgibsdisantigedl sybstantiaf oat ¢fi a st veasisn ofithefflowvhmeter signal;

fl t [ | ;. ing.th i Se. si ([
obt BERP LR ish Senl ) QR is e BRic G o
dangétBgnivRlsUeabdpiB Vdife HOmSBe 6686 Bitdrfdtéristics Swithhk ambRig value

danpi ng vallue being selected to substantially renove
t he noi sebeingpdectéd iorpubstentiallywemevethe noie siggabirormile flow meter

d he fil f ' |, 20. Th hod
009U Ul el KRB Py 170 ™ 1o

filtering a noise signal substantially out of a first
version of the flow nmeter signal;_ neasuring the noise
39-ghbe method o slaim A di Sethemeamuiisarg the ptes 00 det er ni ni ng

2 d ._ i ey . L
t he EEIr ie¢ el S atlp oAb S Rom bl signal
r enpréasuring thondss sggibad othiamoiseehfidacteristtser  si gnal ;
determi ning an error val ue between the second version,

of BFETHPEE ngyaypeatrome pojge P (TG AgEEping value
signal ; a ' | Y fldifiRatknal Bb B fow met
step of dggré%?nh(%?ﬁgg ?%S&Egﬁf?i“ﬁg{oh ue, 1V\,he gll nB&ttﬁe oW meter
error val signals i ncluded in the danpi ng val ue

det erm nafi on. . .
Seterrrﬁnltng an error value between the second version of the flow meter signal and the

filtered flow meter signal; and
feeding the error value back into the step of determining the damping value, wherein

the error value is included in the damping value determination.

21. The method of claim 17, wherein the noise signal has a frequency in the range of about

0.025 Hz to about 1.0 Hz.

22. The method of claim 17, wherein the noise signal comprises cyclic noise.

23. The method of claim 17, wherein the noise signal comprises cross-talk noise.
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21. The nethod of claim 17, wherein the noise signal
has a frequency in the range of about 0.025 Hz to

wabwmawn3kb3id Hz. 30 22. The nethod of claim 17, PEEURINN3/027961

the noi se signal conprises cyclic noise. 23. The
met hod of claim 17, wherein the noise signal conprises
eftode mefhedpdiclaim 173 whevoribe Sloneisusipest comPYes 0yoe:s flow meter
%n The nethod of claim 17, wherein the flow neter
|gnal conprises a Coriolis flow nmeter signal. 25.
The method of claim17, further conprising the steps

f d|V|d|n .zero.offset of .the noise

2 a&gﬁfn@ﬂ’roét 8@‘“8371: Pt comrising BESERFOE to obtain a

NOi J&/idiAk H9eroWFERAGH tRE nBﬂQ@ cﬁ‘eﬁ?h&é‘n@ﬁ%& B¢ tHeGnakimum flow value to obtain
predet erm ned qui escent threshold; using the noise

val ue for ageisevaiuai ng a new danpi ng value if the noise

val ue | det er m

|
oy SEmbRine R poish Oflub i BrAteh gl AECCHL BRARMK: |

Noi @€iny ﬁid&ﬁ)lsesvaﬂ&tfoi‘ &aSrnﬁlhﬁig 4 ey @m@ﬁﬁg @ﬁlﬂb ifxHle noise value is less
gui escent threshold. 26. A nmethod of renoving noise

froma fl 8ok pedepgniacd qeisrasnt Bresholdhandst eps of -
e e -

fl ow nmet equieb@nadhreshalasuri ng the noi se signal to

obtai n noi se characteristics; determ ning a danpi ng

val ue fromthe noise characteristics, with the danping
%8! UemetEa Bgreﬁ%&% &ﬁsé ﬁ’oﬁl‘&%v@ﬂfeté‘l ig)ﬂalr Q&Hﬁﬁsﬁ%ﬁw steps of:
noi se si gnal [ow neter signal
darrpe;qsg/utmbedﬂomaeisubgndntl ally out of a second

f the fl d
el SRR bpeit siebt SPBRHEEY o Bl g RAaIW Abter signal
Si gR@hsurfib thd ASisé@ERAdo Bbtafi] @158 ch@ractedikfieter conprising

the steps of: normalizing the flow nmeter signal from
an detenninilg addmping valge fornthe ngise charpeierisiics ovith the dagping value

Signa bf ‘B?iﬁaa%i s e Btah b Rk SRl B g low meter

ori gi nal y; amt er si gnal rragnl t ude. 28 The rret hod
of claim 2 further conprising the steps of
det dpmpiiibe apiseyubsiantalyutoée dreond Wﬁ’él%’ézféh"dﬂﬂﬂé(ﬁ%?t%frﬁlgnal using

of the 11 o JiRhcte LG orﬂ&d(orppc?ducg a'ﬁﬁt%fe%dﬂcm Bl TRIRL

si gnal ;

27. The method of claim 26, further comprising the steps of:
normalizing the flow meter signal from an original value to a normalized value prior to
the damping; and
scaling the filtered flow meter signal of the damping step substantially back to the

original flow meter signal magnitude.

28. The method of claim 26, further comprising the steps of:
determining an error value between the second version of the flow meter signal and the
filtered flow meter signal; and
feeding the error value back into the step of determining the damping value, wherein

the error value is included in the damping value determination.
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feeding the error value back into the step of
determ ning the danping val ue, wherein the error

WO 2008033634 | ncl uded i n the danpi ng val ue det er MPERUBZIN3/027961

17 WO 2005/ 033634 PCT/ US2003/ 027961 29. The net hod of
claim 26, wi th the danping further conprising,the !
39 plae Bpthgg) s{? §iPiy 36 vith He dmpiaiyrthe YERTE RS flephet

met ' L flarh] h@fakighdl if th ignal i
SubSELARF et LuhpRe R S RHost e ieh® £ e oy miter signal i
val ue to substahtialy qmeseentsamghal if the flow neter

signal .is 5 eriencin transition. ... The net hod .
o “Bibkying 3gmafl SRERIE ebitte fud G B Mingt it PRy 0 Memal
version ofxpefiendih@raBdi®én. Si gnal before the

filtering. 10 31. The nethod of claim 26, wherein the

noi se characteristics include a noise anplitude and a

56" ?he%fetgfﬁg iof élggn gg,?fuﬁgéﬁc%%ﬁyg{sﬁlgsﬁigﬂiég 'éheev%s{ xgelg%a{x B{sthe flow meter

Nnoi se” S requenc

flof? Befdze the fatedip. 1.0 Hz. 15 33. The nethod of claim
26, wherein the noise signal conprises cyclic noise.

34. The nethod of claim 26, wherein the noise signha

gfg @ﬁﬁlﬁgﬁo& B?Eléfl#l ?lﬁ KB QLR%he g&sg’{}xar&t@isﬁ hefaeh n%is?!agiplitude

ereirn t ow nmeter signal conprises a Corio
fddawaredfiset. si gnal . 36. The net hod of cl aim 26
further conprising the steps of: dividing a zero
of fset of the noise characteristics by the maxi mum

83 ovh/Ab#Med bPciakh 26 NwhekGindhvdiSesi ¥l USS a HRFRACY NPtHehge of about
noi se value to a predeterm ned quiescent threshold;

062h b ztthebawbildeHw.al ue in the determining step for
determi ning a new danping value if the noise value is
| ess than the predeterm ned qui escent threshold; and

3% Tige Rethd bEAhind 20 Pk Rdeimahdifoibdsisie coppRbRTySlEERoiEE.
the noise value is not less than the 30 predeterm ned

qui escent threshold. 18

34. The method of claim 26, wherein the noise signal comprises cross-talk noise.

35. The method of claim 26, wherein the flow meter signal comprises a Coriolis flow meter

signal.

36. The method of claim 26, further comprising the steps of:
dividing a zero offset of the noise characteristics by the maximum flow value to obtain
a noise value;
comparing the noise value to a predetermined quiescent threshold,
using the noise value in the determining step for determining a new damping value if
the noise value is less than the predetermined quiescent threshold; and
using a current damping value in the damping step if the noise value is not less than the

predetermined quiescent threshold.
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