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deredoped taCiflagten’ s rgmhqyiegurface irregularities from a wafer without damaging the

devices being formed on the wafer. One example of such a process is chemical-mechanical
planarization (CMP) which is a polishing method that uses a planarization fluid, usually
including abrasive particles and/or chemical etchants, to grind away surface irregularities as
the wafer is rotated against a polishing pad.

The planarization fluids used in CMP may typically be provided to wafer
manufacturers in a commercially prepackaged form, which may include two or more fluid
components that are combined prior to planarizing a production run of wafers. Once the fluid
components are mixed together, the resulting planarization fluid is distributed to wafer

planarization machines and used to polish semiconductor wafers.
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conponents are m xed together, the resulting

Wo%&rb:aqﬁatlon fluid is di strlbuted to waf er
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cannot be ni xed cl ose to wherZ- (and when) it will be
used. Rather, the fluid conponents are m xed and
sto rAe significant gtsatvagteget efidenvantipurh plasurizatign systques iisthatghe

plf"f?é" t oﬁﬁhlll a%a&n Pr gll/lgl n%w{)]ert%gﬂ aenr(}isﬁ I}CFL% g’ill é)uégl RithE, the flid
cohfoREms ard mlxeplamﬂ Btotddan b ytordge t%mkewhanh usillali)amqulees a contmually
articles fromse a LN
Pl O P PG O RRME S TPV € Somneh Hftigs from

sepiatifd, peticelsdy, tapreieig alirhsivéngarticiesnfruom m‘phmtm)é odtlf&m the rest of the
planarlz tion fluid and a¥OId t he .need for, an ﬁgﬁnse
flgfl. Ly adventagepit o ARstad ymBlgne o PRigh-HEeTt ifings
ccﬁx%n&ﬁt? Bf thé Bﬁnéﬂz&ﬂlcﬁgﬂtﬂﬂl fndS@idthe RécdITar dnd @kpedBe bt stirthg@nd
as- needed" basis woul d be advanéH eou becaus

comieud e tet BHAUS 0GR 419 Ty KilEea apgrigAfgn Huid on an

“zgl L RB&" padid Wouid bé‘ﬁdimﬁ‘t%&‘eo%k‘ bé@tde thecremesal &éﬂants typlcally present in
egradation and shoul d be used soon after _ m xi g&;soon agcr

thg rpdnmm@tlam fuid srepwbiest to Berpiralsiegradation and Siould hsivg
glled to wafers is critical to proper

TRantf act ur | ng of sem conductor devices. Conventi onal

f | owTneemaqusitszand corpagitions af planariastion| fhids supplied g wpfgesyjs critical to
ofte t ReteRfand i
PP RIGHAE P RIED! (RRLS COhHRAIB | BBl o
cattmlﬂmatlzmk tenaklrasy) ofed nkéded do frmlﬂvmem:) poinbofuse lltlhlag ofypignarization

ng ot her, t

ﬂHedﬁ.i usugg%‘edler}%lsgg nx?aéloaﬁc r£e J?ljlarrllgs?]zu [Hﬁo%{:}dn?x%ll&n at Vr\r/1ay be used
ferpaméngafthen seingyi odntrgliimp meﬁhndmatdamckempen@chg mepuetuting to allow
fluids. SUWARY OF THE | NVENT Accordl ng to one
pﬁ’é‘ﬁggi‘scd‘i"x‘t“ﬁ@n?)?c&r@ﬁ’tl}lﬁm?{}sé?ﬁ ?ﬂosﬁ%ﬁ W% t rasoni ¢ 1 ow

neter is provided that conprises a conduit, a first

ul trasoni c transdu [ transducer,

and a controller. gwyépﬁgﬁwmaﬁansducer S

di spasestdial tdorel a@ﬁdct Plabeé pricsymt Aiveripn fan ubtigbinic @owtrheer is provided
conduit, and the nd ul trasonic transquce d
tt SIBRSES Ao RIS TSP fySer oY YIERGPIR Hagydupghgnd 2
comlish t TRt dlPasEiio Gafkdass lis difgosdt dt A first pbsiﬂiormaigta length of the
The first ultrasonic transducer,  is 25 confi

condyls Ad the seepacsyliresopicdsasdueerds gisasedaid sponp Seufuidpe the length
of ﬂfe%gddﬂ th43s ﬂﬂé&i aph By th@ ekt phdftionS TROAEt LkrbsoaRAfinSducer is
transducer is configured to transmt the second
canfigrasbinitransmigm rst wivgsanés signabadie recpie o seeand pitpsonicoigngl, and the
sg&glﬁz?ﬁtrasamgfr%&ﬁﬁé’eﬁislc?ﬁﬁégﬁeoctgrﬁfahﬁﬁi{ 6 s&cBnd ultrasonic signal and to
Cross-corre recel ved ul trasonic signal
rawemvettheﬁstauitrMnm@ab dhe gbutrallsnisicenfiguendap crosstcajectrdy the dirst

AT AT T 985k R b

tiniad@hdin tignad, dmelymethn r¢snbing nlmtdmmlmbtoldetenaigng pidifference in
trang'xt gme %Qt%ivegrllq %e %?s? Qeré:givg e slljéntaf ﬁ%%‘é $&cond received ultrasonic

signal, and calculate a rate of flow of a fluid in the conduit based upon the determined

difference. Advantageously, the first and second ultrasonic signals may be transmitted after a
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signal, and calculate a rate of flow of a fluid in the
conduit based upon the determned difference.

dvant ageously, the first and second ultrasoni
woRiRI R
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y be transmtted after a WO 2006/ 003%36152005/022944
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DR INREDAERIRE 1 fasdisibal Rlanl O &Y Rfertiide bagRN! €
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first position disposed along a length of the conduit, and transmitting a second ultrasonic signal
from a second position disposed along the length of the conduit, the second position being

spaced apart along the length of the conduit from the first position by a distance. The method



10

15

20

30

30 conduit is provided. The nethod conprises acts of

.tting a first ultrasonic signal from
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transmtting a second ultrasonic signal froma second
position disposed along the Iength of the conduit, the
second position being spaced apart al ong the Iength
of the conduit fromthe first4position by a distance.
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ezch frlentient peuparly jdeatied! Remprngelthat is iHstrangrip yariais fgures is represented
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bffs Bt nerfl ofSthdcC ARG Yot {1ty QortcROR o9 ot Bl every
diaiwingk luthegiramingd: one enbodi ment of a cl osed-1oop

nmoni in n 0

accoltF | rl} ég sche aat(i:cotp&{k ciga%?%:rﬁ to? ?nge eﬁxﬁogirrlrgelﬁ'kzﬁf Gaf él@éé’d loog monitoring
aistdvatral systenm faghcmnd Bow amrchmgmmsmtstof tfe la\renmlt, r as oni c

flo cord 0 [

= G%Ig??é 538 16181&(; clha am%f 85%’51?)[%0211119‘; Ega% dl@%’s@ﬁ‘i% ﬂ%Qr meter
atdotdm@mrmspectslafmednﬁdnnm cont roller 20 according t 0

aspe e invention; F JF=Talg

illu tlf ?‘bp o8k, gla |ogé {)ﬁnp%‘ giﬁn %ltcrgsog qglcfai%v?ggntroller
a@dbﬁd)ﬁglltowpdcfs ofamﬁednaomf the invention, FIG 5 is a

flo gram | Str at one exa

e T S KB o g 08 b
affects RethemweAtion; 25 FI G 6 is a diagramillustrating

rel ati ve measurenent error FI G

di agFH}nﬁ ipp @gyvrdéqgr% ‘@F’%@g@BF 2 era m?ﬁlé tm vgeq?@lgng flow rate

ofh ﬂhmgacédraﬁFmsipbétmtﬁ@mmma result of a

cross-correlation_process of two perfect sinusoids;
FIG. 6 is a diagram 111ustrat1ng relative measurement error;

FIG. 7a is a timing diagram illustrating cross-correlation;

FIG. 7b is a timing diagram illustrating a result of a cross-correlation process of two
perfect sinusoids;

FIG. 8 is a diagram of an example of a result of a cross-correlation process performed
on arbitrary signals;

FIG. 9 is a flow diagram of one example of a method for determining the transit times

of upstream and downstream of ultrasonic waves;
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FIG 8 is a diagramof an exanple of a result of a
cross-correlation process perforned 30 on arbitrary
signals; FIG 9 is a flow diagram of one exanple of a

Wa2eGed84M0r determining the transit times of BF3(US3NH022944

and downstream of ultrasoni c waves; WD 2006/ 004760
PCT/ US2005/ 022944 -5 FIG 10 is a flow di agram of one
exanple of a method for determning the flow rate of
afluid in a conduit; and FIG5-11 is a diagram
illustrating variable flowrate of a fluid in a
conduig. 10 i9 a BeWAlidgris DESEREhbINT Yatfethod Sorelsteadinimgnhisflow rate of
and aspects thereof will now be discussed in detail
aflyif in 3 gandpisBe to the acconpanying figures. It is to
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its application to the details of construction and the
arrangenent of conponents set forth in the follow ng
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bei ngVasioas embasiiments arid aspactsgheraefnyil @owbe dispussed in detail with

S. . i fi i i . .. . .
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and variationg thereo herein, is.neant.to enco SS.
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h&te, SHafith ehddnPAS tRX Y 1&sted theedfletlaiilequizleins kiRgeof as well as
nmoni tored and controlled may flow to a sem conduct or
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sem conduct or nmanufacturing and the principles of the

imepiseringand @@Q@@d—iog@@?rﬁ@ ef fowalllyds ingsysteag n Qnesample, the fluids
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SRR R MERAERIL of b8 i ey o
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fluid chem cal con [ :
L
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B R B R B ol o s v e
These technologies have significant applications in monitoring and control systems, including
point-of-use blending and delivery, for all liquids-based process areas, including, but not
limited to, semiconductor manufacturing.

The determination of certain chemical and physical properties of liquid chemicals has
become increasingly important to semiconductor device manufacturers. This is driven by
several challenges facing process and equipment engineers, including: 1) the impacts liquid

chemicals have on wafer surface defects, device performance and yield; 2) the high cost of the



.10

15

20

25

30

l[imted to, sem conductor manufacturing. 30 The

wo%ﬁﬁoﬁ%f)‘at' on of certain chem cal and physi Ce}JCT/US2005/022944

properties of liquid chem cals has becone
|ncrea5|ngly i mportant to sem conductor device
manuf acturers. This is driven by several chall enges
facing process and equi pnent engi neers, including: 1)
the inmpacts liquid cheni cal®® have on waf er surface

defects, device performance and yield; 2) the hig
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sk Ppeeeption Uit O SRRl AR s pPfc
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needed to address |ng haIIen Howeve
Pl A PR CREsHd BLPRIA T ot HEUG A, Plogess Snd equipment
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control “systens he aid oi nt-of -use accurate
cmsmpma@ﬂsvaqursereﬁélgacarir&jwéwmfm@t ireCteR gl SAERESS AMER)INHAGS
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uce C

consunpti on and waf er scrap{mil eadj ng
mtay be alje kdf accmmel}dtﬂqtmnecﬂné rorsep) thegaounia @f ehemigaisused in a process by

SEIRL R Holuc dﬁig@ Eourditdh APAIR Ee aftnd i orke. USe

em ca Ivery system nmay be able to
ac c uPeitiedfyuse e«tr@ommomws dovelaped spepificalisofonuss approcess tools satisfy

Y he%ctar i3-sHin %ge T rnQe%?\ﬁ%n%}?{ gxrpﬁét'g}iletr%ﬂ%k% no moving parts,

r'ng concen on an ate at o
am)pnot:esofrmwparcnd?o |Ims oﬁfm dsalde tistthesesemats| sbopilé bave high reliability,

agcil\lr/arecg? p{eﬁ: ?(ﬁ'lle]élalc aﬁ t%e ];é){)rr%prsa?e (ﬁ/&lalg{cq'grfﬁ%%?ll ﬁeéxﬁc manufacturing
aﬁﬁaﬁtﬂds:s nmahoummaanm and aspects of the inventien, areielateib pgint-of-use

Bt B B S e BREBRSIR il oG o for cxample v
shuptyifRids| i ty, accuracy, and precision, and also the

D b LA e B9 RS, £ B BEBHE oo

chBRichIN¥ RS isPerds Bave MerdaBabilitd tdctitateBf set SRl deﬁeﬁﬁﬁle Niquid flow.
t echnol ogi es for nonitoring and control of fg‘g
Reffaring i@ FGs Lidhera is 1llnsrated  blask diagragpof oglpﬁmp ¢ Pﬁq d cegrol

GBS ol 8k ctCoT il iflydnBibn PTIRCSHSEm100 as MRS indlhdek &
2§tg}éng‘%és?gr$§€ lS’actsﬁzt plo‘l"r?t %f-%gsg rghemaf:al contl?o

copteliahls valve d 02 Fsoughyabich flyig floys, 46 indicated by ligg/prrfd04. 1t is to be
?Eﬂ:&ﬁ% E}Flt by Iﬁ)ggﬁth%lfgl w1§$d1§§fs§5x{ WilBrele? pfi }ng‘lle'lo elEllﬂgﬁtq 02 being a

agram of one xarrp
dohuwltibleenvaridble vt elamantdd? diap glse e angibas tepeef ﬂuiql@ctuator such as,

fiorn &%&He?g] purIp.eTﬁ’é/ Y &qgayao%, {’ol' meﬁ&%ﬁ glei:t{:b(hliéﬁﬂf Sorffrolled variable

valve that may be adjusted to vary the flow of the fluid through the system. The valve 102 is
controlled by a controller 106 as indicated by line 108. The controller 106 may be, for

example, a microprocessor-based controller. A fluid flow meter 110 may be positioned
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control |l abl e val ve 102 through which fluid flows, as
indicated by line/arrow 104. It is to be appreciated
that although the follow ng discussion will refer

WO20068P476% t o el ement 102 being a control | abl BCHUS2005/022944

vari abl e val ve, elenent 102 nay al so be anot her type

of fluid actuator such as, 30 for exanple, a punp. The

val ve 102 may be, for exanple, an electronically
controlled variable valve thdt- may be adjusted to

vary the flow of the fluid through the system The
don¥@eatDer thevalwr(nt & shewln.bYhase skxﬂedr inltheeart wilapameciate that the flow

i ndi ¢ ted n he contr

o LSS UL, 100, TOG S0 B5h8, R P o b

hbRWeaBY e flokdmeRy 1 liehf agytdomnasticd vatlhe &ﬁx&%ﬂﬁ 106, as mdlcated by

PCT/U82005/022944- -7 downstre n1of t he QF lto th
Agidystrateq in F1Gy Ly ip ops,geampe weﬂOWafﬂi}F Xpg jferal to the

fihe hﬁé PO, steRtiRdt fhlOnovaNg Rlthefliialiny Qid)%/alhﬁﬂcﬁ‘ls&m@dgh the flow meter
upstrean1of the val ve 102. The flow of the f]u

bld. Iiisixsbg mrqgsptqdﬁbatfhe&@wptg; qmay t??a‘flteﬁr&i/w‘th the entn)é fluid line
M”Wéf@é ﬁosMo}nFﬂuﬁlrﬁeorﬁQH bf B’}ﬂaﬁsrﬂﬁ'i@ fine @Sh tHAFkHE ﬂbﬁ%d@éf 110 may

strated in 1, in one exanpl e,
mh@ufelcmlvmreonqﬂtbemeﬂedﬁma@gr al tothe 5 fluid line

104, %Il:]dlltl%]ﬁtat c:laﬁtI ﬁ%gljﬂ ihéht! tﬂe E&@roﬁéﬂiﬂoé n{abl b€ a&é?)fed to use

al so ow mnet er
m;ﬁcpmnoratsmm asiaefto“t tate off Kholuirs peqvided (by ﬁlwﬂ%‘emptﬁt bl@rta Imomtor the

ﬂw gf Bﬂgzﬁ‘é‘ﬂgﬂd 1§ BoAtH) gxe Vv 10? 1 0%1{%4&}“9% Hgﬁrat A %{Not'ﬁ%@by

ass f urd suc | ow
pevrlingldésedrinop dcretmim»f theduidyflaw pothe sxstﬁmofOOt eorergmbodiment, control

b QRS P aphicia vy Sute? sior BEPhioP RE (RINMH HERE 11015

fgatibHcR@lelht inStd3edvop S}fstemNas ﬂluetra]aéd in &G f 1. Thelflow meter 110

rovi ded the .fl ow neter 1
P g1eher et LR ofar /e TR o s hilencgf theThid e
desi Tl&flﬂcrv?trﬂeoﬁlfgllﬁdl Q\gz rfnhjnpmeidy reaptimeifetidbapk off Gsid flomoamd may be

contro] of the ui

Gradbinheo0p o el rbeed B HEEPU G Ui By R fpgerator

@rﬁﬂ@ttﬂeﬂ}al@y@h @48 ihdicatdtl hinkhesy dnulnda.yfﬂe @¥edretaitrol e va]s/e 102 so as
f eedback el enent jn a close Ioo

St
R ars tedeie” Fiaw pp esaured seAghiyed e o T I, e dgsired luid
ffﬁ“ﬁﬂaﬁ oooesd'n Gﬁlﬂllt pdrﬁlﬁlét@ﬂb |th€Q:oﬁfrolle]B 206. e edmplé, o ffid may
rou the fluid line 104. The flow gr
shignte ﬂmgatﬁéyorgp@of e system 140 frm p s@aesaldé Wch r@ or example,
fah QRstRD e'@Xe P thd E’ﬁfﬁn fO@ 4 i6rag OOt 6 tHeOfke. AhS kcﬁlﬁ’@| 114 may

produce e conitrol ler 106 is Input to an actua [
dnqludersgnsolrséhaﬁatxayeorg@@ infpsmatinm te Hhecqnisiler {0fe aSl’@é‘)cats%Y ine 116,

éil g%e#ﬁ’o@?t %ui? off‘rﬁﬁg §1Qhe Attt 8¢ HBd 208G, t@8perdtlreVEHure,

e rat w as required to achi eve the desired
rcan@:ntrﬁtlcml déndity, letow.and pessiiyAnrinitiak flayy rrtepaf th fpigd. rﬁheéoﬁ*é?llcr 106

al S?'% agia&{a%{ LE? Elfcﬁ%{mgtlgﬁ and o&l’ﬁ? nﬁ]’t?tt{) 94L& 'th rafedf fluid in

ent er ust ate portion
dhndhm:HMsten1100 fron1a source 114 which may be, for

exanp upst r.e nt, i

corag B AP SRR ARl By A BBt o
i 1ﬂtéffd¢‘£61 18evitch Mmayt b foreramppe, ca\,graténqaliy bzsn@tlseomtetrfacq HEhe user
cont% r 10 as | d|cate

Jpter oT)vI ar.HsFr 0 B}OHF?{e %ﬁgkm andf]f 1P1io&ild§ l1‘|r1(f)Gt {8%he controller 106,
%éahdlaﬁécﬁ)y rirem:zer Theiser mpy BsS&0)E, @ia the user interface 118, to observe

parameters of the system (provided by the controlier 106) and to provide inputs to the

controller 106 such as, for example, a desired flow rate of the fluid, fluid flow rate set points
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25 concentration, density, etc., and possibly an

.0kt flowrate of the fluid. The control
worggéft/@g%g . . gcn%ﬁﬁoosmmu

dapted to use such information, and
inputs, to adjust the flowrate of fluid in fluid
line 104. In addition, as illustrated in FIG 1, the
controller 106 may be coupled to a user interface 118
which may be, for exanple, a&raphically based user
interface. The user 30 interface 118 may all ow a user
angloippomand dower flewgsts fiamts.aibe cantnoHendiof may ppipnt todhe yher interface 118
cont o IIe [ I
o gl RihutinfiTe! QbR Eftuicl 6 cheOF IR and deta
mﬁk&fgalli’(eﬁtahd; dath dtdmorsguppcﬁ'mn(q:rmatwrd dtlisialso ke appreciatid that the

106 ts to t | |
g I i gk Ky offc;rla%%gmng
Lwdo fhle Qerimbiacs @18. p0| nts WO 2006/ 004760
/ US2005/ 022944 d fl
i e prar Ras R s 3R b R b ot vre

of ﬁbﬁﬁﬁ@ﬁﬁ cédtfollingathé 0ale 102( @h bR éxampleNthe Udrltﬂﬂlpr fay be programmed
exanpl e actual flow rate, out-of

wilh e anodsien e i ahmatiAe FUHBEIL] &b ipsge Holdh deffined during

cAHMERIARS U89 theldegred Ak ISioh The vBRe 20Pis@pénkt 86l ad fodbntkdlehe rate of flow
controller” 106 may be coupled to another sy

ofbaBuideSurhaebad o desembeégn il lfh@mwﬂbhgjwwd&gg]pﬁ’aéwt fgplication
%nhaﬁf NS ?6/131] §d%f fiRg %pillil§4 2b62 legtitled MWW mam BOR A MASS

fe contro e programred with

FLOW @OWTRQLIFEIbg‘rddﬁﬁ amnt dontivagipn Seripl Nﬁelwgarf@%@lzd Tyiy 17,
200 &%MRH&B@ Mkp?Ah%T@#Oﬁ@R@%QQR@@@QPEWSNTI@N IN A
hodée or e

valve and nay use paraneters
MASSYBLARICONTROS.LER;, whithaecherkin mgrpommdubmraﬁetem ip gheir entirety.

Var t he d rthec:eco% golY\ekr] fn%P lbgla af%e%l t¥ gse?]aaa?c} Q@S’%ﬁ tR/2 cBnirol

FCHh ’hie Ta
ar@hhmd&) cmve t@e&breﬂbkdl“hlm mgthiod iiiclydas @&mlhmk y @Wﬂe@sﬂ”smml

B o P A e v

1%&E3g@6ﬁih¢ﬂﬁamﬁebéﬁxb sygdgh.i Anleass nneSanbaglimeny of this method is

et e sl e R o

Befapdtice b ity entifeey.ei n |ncorporated by ref erence

|n their entir 5 I n angt her, e
o Mottt ol 58 B TR i now et
@Q(ﬁleele@ué'éQﬁE feRkive AI@RHyiof ittabsnichives popagavedl treugiie ﬂuld to

Thi s et hod i ncludes a feedb ron- bas cont,r
BRGSO S T4 G ORI CHTESET] STPT PEtA B pregigmessure

devPMég ﬂ{th m%ﬁmﬁcﬁﬁhgmr@@se&hémanrs@@wbﬁ@cmas Bebeilirasound
ge of the dynamcs of the system At |east one
ssmmnmeﬂty defnot have thesacawecy & sp%f‘é@@?qes &RF Y Inpemigopdygtor

I%Aij%n%fzﬁﬁﬁfngr%d &nt- ngé ﬁ%llgtldng Geor ge Shu-Xi ng Cheng,

her orporated by reference in its
enti rI@LfgrrmgAtpdaﬁdz agre is ibustratedisehemabienlly op;empedimenhef ap ultrasonic

A8 B L5 Ryl § R0 s 1,
fiuio flaga thechigh artohegn cotmhuitf130, as indicated by arrow 132. In the illustrated
embodiment, a first ultrasonic transducer 134 is mounted to the conduit 130 at a first location
and a second ultrasonic transducer 136 is mounted to the conduit 130 at a second location,
positioned a distance 138 away from the first ultrasonic transducer. According to one example,

each ultrasonic transducer 134, 136 may comprise a piezoelectric transducer (vibrator) that
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determne the flowrate of the fluid. Al though
ul trasound sensors have been used to neasure fl ow
rates of fluids in manufacturing nmarkets other tha

WQRMo8HAUct ors, these ultrasound 25 sensors ty‘l’EiT%quym”“

do not have the accuracy or speed needed for use in

sem conduct or manufacturing and poi nt-of -use

applications. Referring to FIG 2, there is

illustrated schematically one9nbodi rent of an

ultrasonic flow nmeter according to aspects of the

ih&1Wd tipRAoeldciricicesansit eRmest(Edr eaanﬁy,sléﬁmxrﬂ;&&te( -steratd)lat] a pair of
ndui t

fluidf h
BRI T R T TR R

BRResic Meduceds T340 $36 Mhy prageeiag ultfaa@ﬁdww whed4ni IeR:ctrnc voltage is
mounted to the conduit 130 at a fi | ocation

aPBLaerato e LR R BlGCE VAl MESHiSERES Tolygigme wave

BREUIER ofhthsBhic FaRREQRE1340¢88 in@Pfunctidisdstah QiREbnE wave generator
di stance 138 away fromthe first ultrasonic

anélipn ev| BFaTONICALRYSTRFCHET t 18 OB EXamPAimficaiirasgie frarpdysess qach be

bSRowhtdd 1840 kB shiface of the conduit
r{u?gz'sglé é'zo%l $g§bg}a'i@¥thﬁpﬂ% 208 Tt B4RS r'shiace of the condui

mrmmmaﬂ cmzmm It syould &k aprseciafedhihatibe plasonjcdrapduggrs £34, 136
eg '{[‘Sﬂ?e r£nf§ a&%(yi a%'%ltﬁe{ a%@sdm%){/élfé%ﬁ{'ﬁy bé La8 aﬁr@w)ld%geyaare capable

an el ectric vol ?
d)foiutebmlgpllmwb endrgy mtcz:aeﬂlam“uthm thereqnduit E&Q:#ﬂd@ﬁu&llk%at east some of

E‘H f{ngigg Ef!f gfoltgég\% eesa% e ras mc es ﬁ%@elﬂé*’}rr?\%ﬂ“g fuid ] neng}hwmg within the

ect
tdndtet30. mdxamyle,gh@dm@nmambmem i184,\86 trag éormhantly 2 portion (e.g.,

e Bt e PrAEREFS AR e R TS S 126 may be disposed a

éﬂdﬂoaﬁdha bftheayeiugane aailnstrataiid Fips. 7 18a,u8bt asisinilE S vimieat No.

n .one exanp the.ultrasoni ¢ transducers
RS Trnish ™ i SRR s s tindd FR Rl (oo
t hat Mrcﬁ@ toue embodimestthe firse nlmamnmlrafnam&eloﬂ%m be connected to

ndui t t ed FI t
TN T TN
@»ﬁf& FLQE Abﬁ’rlstr tbrgxﬁnaﬂ haped of e fvéthed se"cbr&b@ﬁtchayl 40, 142 may be
a ernatl ve

e. used, provided they a ca of
aenneted fogt repetYeagerc A8riEshgVR BY K. 461260 & scROD eﬁmfl%‘e"f each of the
GO I decdniQwiBkksQaYSI40 G tbe lcBfebted & Btratsmitieh &dr v@ﬂ@ﬁ@h!ratlon)
to propagate as ul ttasoni c waves traveling throug

pireHitdl 48 ergudicatasbyiinetioh. Theswitderiant bersyen fige CE%%’&%F“ one state
ttJ]ﬁlo!tHclr? b?f%‘mééér Eﬁ'&ﬂsﬁg‘%ﬁa& tha %%ludl 36r &BnpleOh BloBbstilRtor or other

ortio . onhe-h aring, or alternatlvelr\l/
swm:hmg mpahaismy ab@sthphw drcmpybearpngadwchipt with each trigger

‘iqg‘fci beﬂgth@hl%ggp%cﬂﬁ &b qmsvgtchésh:%a&é}@%:@st ﬂ’lé’l% ﬁﬁtchmg the first and

rate Pat ent

Mexond Elt:@$®®5'r®6®cemﬁﬁéﬂ 36 betlvr@métrﬁlsmﬁ@eﬁ wpfaﬁ sigtegyyFor example,

ﬁ;o I}fr& ¢ t{;ﬁng Fg&hw t1%’4 is'c rﬁl%tgc'l RAnd garﬁﬂl‘?tter circuit 148 (1 €., 18

rasoni c transducer 4 may
aouirrgeastae dlttasnnlcawﬁVGrgehel'stM)t thh sdedd nltrdsanfegranedigerd 36 is connected to
ultrasonic tr ucer 136
A A e T R G e R
seaaucerddi.t ARRMallfdhn tmaggmyudam 152 orayelxneduse shesswitches to change

e R S PO B oM v i s
Sl Helesond ﬁﬁnas&rﬁ@trﬂﬁ&ud@ﬁlmﬁﬁéseﬂnﬁdmeﬂ té tha mransniitt@rcircuit 148. In

or wave generati
(thls manner bgth upstream P i.e., moving against the flow of the fluid) ultrasonic waves and



10

15

20

25

30

circuit- 148, as indicated by [ine 150. The sw tches
riven (i.e., changed fromone state
Wogﬁ%ﬁﬂﬁg}@ by a trigger circuit 152 that may irr(gf)rufﬂ%z,oosmzzwt
for exanple, a clock oscillator or other swtching
mechani sm The swi tches 140, 142 may be arranged such
that with each trigger signal fromthe trigger
circuit 152, the switches chdfge states, thereby
switching the first and 25 second ul trasoni c
dawnatneahu( er, snok8v, withidbe Bew wéthe fluidh niraseniawaves aasyibg @enerated and
rest at es. For exanple, when the first ultrasonic
f?‘énsducer 134 is connected to the transmtter circuit
148 The.flow ratesof tiechiiid §owing dnsidel the comdnit ¢30waeebe determined by

ener at or, t.he .s nd ultras |ctran .
AR B e F 0 B P P ople S O ot pirasonic

whV e th &8 01 ibStwiaiy the Gwo elatddit thansdueersf134,s136UThe aasititime dlfference
transducer 134, A si fromthe tri er circuit 1t
DR Ho P Bl e R 8 Qs v ph Fou i tepydppriona t

the bt of 6w b the Huldl flcvasOmitke ddnailis @Iw; eWha;Btﬁeﬂe eCyfiid flowing through
connected to the receilver _circuit %gﬁ a the second

thglconduitdd0 corapy fuidiie the condyitd30dnetidl, the timedpken fordhg ypstream and

d&v@r@ﬁ%{ﬁl LitRborfd Wi to %rﬂ?agatle'i)et\ﬁelah $heTRBRBFasdHK RarldDsdefs€138) 136
e., nhoving agains he flow of the fluid)

shaicregbmiem u%thatlmed;f@mwe@lw&)bwwowm@wmzém fluid flow
g'ge g@m R rbggtrﬂoﬁ-'zer% tran&Pth® 9@’%&1&: the b b@éﬁﬁp?écdt&ﬁhat the flow rate

trasoni ¢ waves nay ener at ed and
of the uidaviay Brristeihingd framéheovel@ch@ thei fpid, |t1w\mg bF pri¢ulated from the
t
| trf'mshécm%eg%ggh fuit?ag%ﬂ‘f?ﬁ/ape% ﬂ%ﬁ@{ tg% %ﬁﬁf %ﬂrﬁ avs fo pgig;eters of the
syuhmamsuaimrthmrbssessczt'rdnal areg oﬂ@lws:omimt, spegific dgeetma@é thetfh:ed etc.
t wo chéorr in I Cncte¥n 0 lé%te£ i &154]‘0 %er J&Sdlﬁé %Sdl{rastolai%e
di fference e e up sfream ul frasoni ¢ wave
tfaﬁuau@bmmscthras Ei]llustrhtbd askioi 2, mveviee ddsptpd wlsterminn e rate of flnw of liquid

rate .of flo fthefl Iovvln |nthe ndi .
imesnnh urine e Kot mstipe. b A i S KA Hickreahy Bhrasonic
wh3&andod dc&ﬁl)&trédnuuhi‘asdmldme E@pﬂbpagate]l&ﬁwes tist tivolultrasbréc transducers

i Pe T ey i R b ol SRR G gt sE 288 heeived
stg'hﬂﬁ SUKCRInsit Ligk, dlﬂé’rélcb @et&laéiruihd ubﬁrehiﬂems downstramf walesamay then be
he tinme difference s i.mat el

ro zer y
cr B! At VAR G A BgH O e Pl Ve iGireion, Averaging
tdchARuésk rﬁiﬁeeéhﬁﬁoyeh o in‘ﬁpré\% theacRBRELET taé Rdasufeatentshed tdiemations.
rate of the fluid m% be determ ned fromthe vel oci %)remated

The methods m variations theprels apredeseied immats defad belope It is fobrsa
thdt Feiqald ﬁch@ midle} @9 B2 IuRe %Hlﬁﬁ)ll‘éhﬂl@t‘%ﬂi}' BeRodrhmimed wﬁH @ne or more
various physical parameters of the system such
stts of instoustionefor peframingrnseesedry mathemghienl Falculalions f | c
d ens E{te?’en? g ttolﬁﬁ}fi Wiee ‘?ﬂlﬁtratl'é 0 &%‘&h@&n Bpanq{i@asomc liquid flow
i dui io Fllow net er 1 ncl

mrttctrrlaﬁ ecdording tocaspabtsod e, invantibn. aEhe flgw wwameﬂ comprisp @ first
\ﬁhbson transdugég%ﬁ %n ! segcgt}tdﬁ.ﬁta El?ic ?Jjgﬁdgg&!r 2%@ rre?% e(a%léh reference
tb Fie 2 diew of the ﬂaaidietmfenzme twpstseris ndicatad by arrow W« ePropagation of

stream Y r e
L{pﬁcéealn}/\%l%\'gfI ?vpgt&egm ul‘“r srorg’ﬁgp H%sex\r/\@nd?caieg bg aPrB@ngJof e‘ép &1¥E§sgd above,

theflowe et 11€0 may ireldde astvitcdhg c:murtebathaoaildmtmm@ xrl;teasbmc

t?a?lgdurcgr% ?5%61(36 to be switched between transmit and receive modes. The flow meter 110

may further include a controller 204 such as, for example, a micro-processor based controller,
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20 signals. The transit tinme difference between the

upstream and downstream waves may then be cal cul ated

and the velocity of the fluid determned fromthis
WO28064008760i ne di ff erence. Averagi ng techni quePGRS28@5/022944

enpl oyed to inprove the accuracy of the neasurenents

and cal cul ations. The nethod, and variations thereof,

are described in nore detail below. It is to be

appreciated that the |iquid-flow nmeter may include a

controller that nay be progranmed with one or nore 25

tl'faﬂssprgéraﬁlﬁ‘lég fHhirNge d18dtroRRy diretiiedy G the Q’Kbﬁ/sxﬁaétyand to mterface with
mat henmat i cal cal cul ati ons. Referri ng

othsr pysteseqmuoBents 8 OBHEIG Hie ORtrelif a{"? may B’ﬁl“ge p f‘lﬂf?‘d“g“a‘
pI-r‘Lc%ﬂ gﬁ suéti% % CRIEHIOG TS FRRBEHEDIP avdigblt BéRITdxas.

ter may con"prl se a first wultrasonic
Instamstducior. 13vtodndpriceizediat tie flowsentird 19 ma Se aroyided aga stand-

afthe %g% ol 'n%&%r %Jh § ffﬁ)WJb‘ﬁﬁ-ollérsthgs he ﬂol%J c@i’l\fr@lfer th‘é‘trated in FIG.

WO sensors i s I ndicated ¥
13 3Pwhih oqmagmqoomolts:r 2Gomaybe the ssmewrit aseanallee 0A (see PG, 1) or may

ul tras n| C
b& SSSPE 8 801}%) SFhe%ﬂllltﬂﬁl‘eow n&dg%irl%&%ﬁglﬁ?g% p%?ents of the flow’
rﬁmﬁklblafﬁgdlmussedleﬁl@ﬂeiaﬂdbblO&l |l ows the two ultrasonic

;LS” % e{ﬁito#ﬁée‘g <& I sgr\z}vtse&n% & %%fga otf\ﬁﬁﬂ?%&?%ﬁﬁ] thr sent (i.e.

ti‘dih@ﬂnl—tté&) ahdGeeived hbﬁ:fearﬂ@ﬂd ﬂminsn‘amn uftrasoreo(sa\grplse Fopexample,

@@%@g%%ﬁ%%%g %%?l g_i\xcngﬂlgg ?c? éa“ﬁ?lg\fﬁgzﬁ%g {n%)gég 90 troll?d (via an

dppBe L8R NoRagki ot Cukrdnitto @fandrzhe a dbwiwtremh edSnt aigdal302. Ultrasonic
interface with other syst e

t
anadserel 34y coopRTRtHelyehe sz\@t,g n%)q(%g/gn 2 elp %ﬁgf g cgrresponding

&vaRBlam REACESSSHal ﬁ(ﬁs%he thfé}@ncef&J (tR% AR han f3r the received
TME320C64xx DSP avail able from Texas |Instru

sigral 304 tojbs detectpdafigs hecentpignal 102dwes bere CEREHB R epteg by both the
%)% (% Q@r@ﬁa%%ﬁlllﬁe& ﬂ%sﬁéhof h3Rdnmd 2hPRE ratdbf flovPbf tHEHIHO S[ﬁularly, the

Oow cont (such as the flow controlle

switchitgredroeit 202me) '@ tngagred L mmulcansoeeest@nfdvéerdéﬁﬂrr e Frspive mode and
El?r somcytra%gd%grel 3%@1% 4 ehs R nﬁ)‘agt Uﬁ}ak@rﬁc &Qﬁd&c&e?}fﬂlﬁ generate an

par at e contr ol he control
2fdfrean dent argha 366 Eﬂatama}' mmuemﬂwpbgmmc@d &y ultrgeoniq @wsducer 136 as

%s}rrg'frup I:Ir'q,li:ng% sxgﬁla(l;&gsﬁleﬁ & dllqugre:fai ﬁ 1%9 ag%\ﬁef% the reﬁelved signal
968 @ Heldeicb@d aiftcr Pewehil sinabB0G ha beed. tranérﬁhttbd)am;lm affeetd:)i by both the
and received upstrea rea spni ¢ . .
TS RBhY S B0Ae HRUSRR LRGBSy, gy e
baspiitd SHRSIntéhtioh, ARG §Pebd HMsEpaaLbn B Yhdgnabin ticdhédioin may be

via an applied electronic vol ta e aqr, currg@f}% th te of flow of
getarrineds uan@b%hgpsftr@armag%ﬂ?wgﬁtrgﬂalﬁ BYssiqys SHEL i the rate of tlow o
ARG E th gﬁ 8¢ d&%lﬁé&%ﬁ 8hd ¥&oth FAtSMdt &M vaflous physical

recel ve e to detect a corresponding downstream
peweicteerbfsheyystem3guliscissed abave. di fference Oxd (the tine

;faﬁgpAIcgorrdmg? 5n% ﬁlb\gﬁ‘ﬂ?&g ﬂﬁ' sgﬁ}% gnglg‘%Oﬁ %Obﬁl ?%E ﬁfgﬁt@l‘l’y created using,

been transmt
&Eﬁff exainpld, dhpecbdngital ijmhessp Reterarg Pl atianmiter qu'gugt 205 of the flow

nal i.n the.fluid. and th t
g? rlcgﬂu may éncll%a trcaﬁsmliit 1ed1 ?al ?? Q%&g @’AP{%L%}F&{ g%&e{i# X 36 that may
tcomptise aﬁtéxﬁg&lanm anlsajlauxseﬁor a:&&lp]m afFRO, raed: e Di 2 dEhe storage

e?ement 208, which may be, for example, a first-in-first-out non-volatile memory device, may

store one or more digital sequences that may correspond to a desired sent signal. More
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ul trasonic transducer 134 into the transmt npde.

wo%&{oﬁzﬁ%ﬁ” c transducer 134 may generate an UW/@EBS/OZNM
det ecte _

signal 306 that may subsequently be

ultrasoni ¢ transducer 136 as 20 upstream recei ved

signal 308. The tinme difference At" (the tinme taken

for the received signal 308 to be detected after the

sent signal 306 has been trar]‘l%mtted) is also affected

by both the speed of propagation of the signal in the
spedificadly Aheistotage ¢lamentF08 maywompriseredigitah seAuenag ilaat, when the storage
elé’?ﬁe%%&g ?gctlx}a&fi%? Ql’?é:éaitrgll rtZBE i ﬂ?\ll?{&ttlaé)ﬁ/ﬁx Qf@an?i%%ﬁ@rt@(ﬁ into an

Ium may
andkeg eremrmcdslgmu 'ﬁkys bnnwg @lpmton@asrgnahdabdbﬁ/ﬁm«?delyrﬁlter 212, which may

ans t
o RGNS BB AR ot AL P! B 1ol
bearpﬁreéaated thaa betavserthoulgragnicstansducerp amchﬁuetransmssﬁomdhennel provide so

mlézﬁnﬁaér as nc(:jylt r%gélti%ﬁgl ?%ﬁg 2 n/_l\%g rc()jré d §n ce 1% ea‘;bodl{neiﬂis and the
ot of B DAAI2IBQ conrle®ted extherfipat ofdhe dmter dngmﬂeaalésyﬂtermmhﬁed
Referrin tEIGL 3, .a,trapsm:¢t gz@nt h[ ¢

IR SBRERCPFYS Rt} DS IRIBES e A FappropHalsone o

the ffabeHic frAsditetsa84(B6AIn fefvhes toeing! eE(GltHdtbyZEeﬁapﬁ)hai ana Ry
30 conprise a storage el enent 208, such as,

elestronisi signala theuttrgsonip fransdpgen 174 o 13pimaysieasragan ug'raé%wa"e

thefBy piah Gl STRY¥r 198 do&ﬁitreﬁﬁﬁ%@iﬁ's%nal@ obiok ﬂieﬂp&récahlrs‘éﬁrs%hhl 306. Itis
non-vol atlﬁe menory dEV|Ce store one or nor

todiegipprsbiated thak e Eansmkiger Gigyit 20 m%%ﬂée @Qsi“épnaleeé?m@éﬁ or modified
reﬁ%géme?ﬂt% he ePéP{eﬁts\éﬁ%v%Q Q6L QRO 3 gﬁlh@ﬁ% Q@Zﬁﬁ%xact elements

Sspeci Storage el enent 208 nprise
ofthel trgns:mﬂtersequb}%@m metteriticeh éfhthﬁ wemtiony E{Qéldeds ﬁ’é‘?ﬁlﬁysz'ﬂc'ﬂons to
pll£§ c%cagx %&gc %n&d I?l?at &1‘&9 [ géeldQS F%Athf hﬁra?d%ﬂ:t trJnQdJch@ tcpéréduce

conver I nto” an ana ectroni c S|gna
deslired uhmajnu:gwaavleec'ﬂnmmmgteg glaqmt@? ilhstrated indflgg3 Wrowded as one

e)faswg %f a%f]a%)‘)rognitg Iae andk?s,e?ot flrgérbdga( ﬁf‘@rllﬁl\}@}@ Zﬁﬂ?ﬁ@? I§t es?tguld be

aptdeiatéd thstuithbughSn lﬂe 1ammaed |ea1be@intehmf ngéabcsbulttrh@nic transducers

t on| transducers ANE:| n .
18 0F B e SRR RN I PP B cy PP Sap i R aperatively
baﬁx%v[m&fdiea@mdntscaﬁeﬂ n certain enbodi ment s and the

out pyt .of the DJA 21Q con te 0.t he ut. of the
' b oo e 0t oo 8eEcn SR bRt paocer 134
omi% tHéQEbeBl%d Sighhlines), bevdetecicl By shsiulted3bmig transdacer tvhith I;Brodlwes an

appr.opriate one the ultr on| C tr ducers
clEg6 BT SBHOB o e SRRk IRy bkl %@BPF@&W ceit 207 of
tmv@ﬂleﬂzpc@uﬁﬁt 'R eRanSp1€] M recdived elbcirbiis Sighdl nialy 8 Sﬂpmﬁd by an
134 or 136 é‘?ener ate an ultrasonic wave, there

ampbﬁ@rczlﬁgn@ﬁttw by h@lter&%éwmss@nfor%mﬁ adoyypass OI%IE}?QdPaSS
ﬁfzﬁ?%?ﬁﬂﬁ H& AanshigBAircd 605, ltﬁe filfer zlpmbyeb@&ﬁfu%@ irBdefiflin
the transmtter circuit 205 may 1nc
eandbdditrieotsaThesignad may theprberrpplictitean a ta@em@h@s@b eANVENiEE circuit
: |
25 SFER B PO AP NG g S M 9pgis o
rcuuttmgrdngmabagnal o 2 dteragaslement 324 which wiag b, fohexagiples & FHG) Agam it
i %‘c'ﬂ:) aI gxn 1ate<gthjatr’the %QH/QF 1%@1&[)?%&% %ﬁlﬁl %Bcﬂﬁ&lal élgrﬂénthmodlﬁed
% 8 % rasoni c rans ucers to prod

retﬁmemdts fidrttheaslements stmwasas kiibhwn to thnserekilted in the aduiThe @@a elements

olf ltllel'lreéerlv%tr %gcultrbog are no% crltS cap{oq}{e 1n$ent10fc'1 p?g\?lded the circuitry functions to

receive the electronic signal produced by the ultrasonic transducers in response to receiving
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exanpl e of an appropriate device and is not intended
to be limting. Further, it should be appreciated

that although in the i |lustrated enbodi nent of Fig. 3,
WR3PH/0#1Pasoni ¢ transducers 134, 136 share tW@ngH@ENZ”“4
transmtter circuit 205, separate transmitter circuits
may alternatively 20 be provided for each transducer.
Simlarly, when a received signal 304 or 308 arrives
at either ultrasonic transduc&- 134 or.136, the
recei ved signal may be detected by the ultrasonic
Wik ROHE Waeds apb kChroPided b&@ﬁerﬁl’klg@n £ prooessing diy g{eaionﬁrdﬂler 204. The

response. This el ectrqni n be a

T 07 AT 6 S RSO e BT FPRI"PTE&% device
AN frterldBEtd &Q%Mﬁéj FRHEE] dsGitiCth S tre3dlitteBiYcUNe205, separate receiver
anplified by an 25 anplifier 216 and filtered b

dirchitsapaydgratively bepipvided for gachailzspnig transdpesn it ég%r
ban d é %gﬁﬁ FIAS4, Whd £ Ecﬂ & f fhe Ve iidr By ia1ndd Hyhcl#ifizing the

the nmay bé om ted in certain  enmbodinments.
tﬂansnsnegm regpiNer PORBANSS thCREE t & KPR 7AI0 dUneoasingirate by line
X (edeht & B&nown ti
0P, B AU W Alngr et gﬁ* BEUEkly 4 Bgpogn ne
iadidated oy knet 38, reia@sejtqthmger@itlglﬁt ahls tlmp may be reprageped by a
nt 224, whigh I
e
rzﬁﬁvmymemnh tice, Ndﬂaﬂmay@lalmdysmsmr Ioshqtrtddmefapengclated that

éﬁlﬁ{l@éﬁ%ﬂ Ii’% ﬂ@?%?l{-lp tO—ﬂ:?gSIgg( 8’%0?1 S%Irq Slf%%lt S‘lf)? %m ¢ b8nd f48%6e moment

meme (¢Q[, réspbiisivetto e kame eclaive ece‘rit)t senadignad3@dmmay alternatively be sent at
|nvent|on grOV|ded th C|rc

g g]@@{egbre aﬂé( momeRt i ﬁlfr@ rrbﬁ:g é}}%é% ltoB%ast thgglfference between the

Hhd e REM M6 mEAB RIGURE b maf bé @tﬁmmeteanrnemeu ving WO
2006/ 004760 PCT/ 2003/ 022944 on| c.wa

and tReBFBetRIG, 3, acdmedyons mil%’f ﬂgﬁ ﬁeham@ry may
IndRid€ 9 BUndrl286 1 a g-eh ealuelr Kcahy ecfntx@)llércmayttrlgéﬂ (on lme 23 8) the

illustrated in FI rowdﬁdﬁ_{as ong, ex f
BQNIECE B2G WrhegspRting aéppae zero g to ogh%lampg aglgz or count 2210 for

EiA¥idid. D@ herthE tOGiier 226 reattied N, Rrdvides afbad-6f-colnt sﬁlgxhbl on line 228 that
205,” separate receiyver circuits may alternatlve

s imeappiisd taeantra) gareak3gniThe poniiok gate 230, YR recpips °¥E§“’ end-of-count
Erigfuﬁ rt'hgg%s %%ﬁo?ag&%le’r:ﬂeﬁ 20810 %x‘l@ tIRSRGE sliercb & ﬂhE‘DﬁﬂQﬂ@ﬂ) provide

y In de synchronizing the transmtter and
tecddctrenic pkgmllthﬁﬁ gaus$s hepreapriets wifFapoRip (rANSRRSHMSH T to generate an

Rlit%?(an@\%a\'fen di*hﬁéttﬁedcogﬁolllér RB4 candld: thflﬂﬁﬁ’soﬁfc ntaﬂﬁuéb?%l 62196 to

ownstr eam’sent SI ghal s nay sent at a
lgemerate thie vent ultrasoliic wewtht byreacisa bn@uptime aftegzerpenamsls the relative

gr%ér?e{]gn e g 1rr§spec v\w)f wpﬁﬁl {%%mgg trﬁrﬁ;e &P g%&ﬁg u@ﬂ t?transmlt the

cunt 'er eac sent Signha
30Rsomddsbgmay be transmtted at a known io relative

monment, in ti t hat Y. | .
shoul ﬁjh%%on%rﬁgedé%ﬂaq B br IR R %A &o%gtﬁ%zaz 334, as illustrated.
feeratde eoﬁtﬁbltgﬁtﬁ st limétad to themecrﬁb gmabddide sh@@6indtlG. 3. The

tchgtrqj 25@ 1@2 dg\%g% ?Bproplgxgﬁtcxrgwg& gl'rag géé%toﬁ%gg Pﬁl'e\ﬂ?A cBnverter
hrb@f Itﬁitdfrﬂel QllleyA}EEccﬁl@él’ter atrcu11622dlaf i pxlreebﬂémﬁmidaimevse asngenerate and

dn tinme fromsent 302, on

e o B BSOS es L PTHOHEAD Ty g g b @ clook
Qscill&Yr 1% tﬁithﬁyVHef’ll@c §A81eQE B Bférent from, the clock oscillator used to drive the
switching circuit 202 (see FIG. 3).
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15 Referring to FIG 3, according to one enbodi ment,
%%6/5649% meter circuitry may include a count BET %%9005/022944

aving a set value N. The controller may trigger

line 238) the counter 226 to begin counting at tine

zero up to Nfroman initial value or count, zero for
exanpl e. Wien the counter 226 reaches N, it provides

an end-of - count signal on |imé-228 that is, in turn,
applied to a control gate 230. The control gate 230,
uponAeeardingto ape emhedimael, e ressiver sideoef thg o meter eirguiat ay also
el B 24 RPTRRY o0 Be L RaBR s e SRR G Biroter 204
tq:lmgim@unﬂitg fapp R imntladwadumbrt qoastpfor exanepis geoaprto a 34lugM that is

ener at T

b SRR DRESAP R of MM byl . o

néa'BE' dqoalg@Neorah sy tehslightnirget o sabamitiallyvivger dtan AN. pWhe:d the counter

k t ft ly th l
240 e M B b e et e ke o ot sonPy sec
2b®ewWARh ma@;dmttmn; Fi@es hd reédiveer AZD coiieftersairtiiz 230 @rt&gm The

contr ate 230 may include, for exanple, two AND
rﬁgwgg%ggggdg§4 as illustrated. However, the contro

gat eIt|1§tofb@ta xbaht%@dlat athePhas ﬂ%@bﬁﬂg&hef%adtﬁmtbaﬁd% the
in FlG control gate 230 naﬁ?lnclude any

caeT AP C&P@e@?ﬁd’ﬂﬂytwsfqﬁ gF alteematively, the yegefuer é“’DYWer circuit 220
nﬁg%ﬁ%{e%nhﬂoﬁﬁy icbnvePthgadlsibite pRvide§ BR VRS A infdl cﬁgﬁltatl sequence

0 at azgredet ermned tine so as to generate and
(psingod 222 andssteringgheidigital seqpencein stomse plemenAz4s HO‘F’ﬁ‘éef continuous

g%ﬁ&ﬁ&la;g@é ﬁe%ﬁfén aRE dihy &R uh% »?heﬁlng%lﬁr &ﬁ&bvhlz@& B6ing

S ame as, ferent I‘ om he
dcﬂectc&(ee&mrior b tbe mgsaé 302 being $enb or pieen shortly Siereagen; th@ gignal on line

2%% gvxli?(ﬁl@alﬁ: llgt?l‘e uggful 4R 3&9 QQ%E? %ﬁ%ﬁ&g @é{ %g&gé ma%/ be of little

ord to one enbo i men ver 's
usé eTHekawentetnmxlmm efficiensy, ﬂmnoamtsro?wlmyl trigger thegengiveeA/D

G0 L3P g A A5 PR 8 B

plrcmndleda:ln lina Q%cmﬁalmunﬁll mfcumabmaarhohm rezeavm.sl ulipaspmic avave. In one

{rg) gléneg{j% h avtglugtig H%Y ﬁ% Pe chrr g (N% F% %@L gl%gpl b{:%)’rei %rrival of the

récehed nltyas@ttiabyes B4 O 308 magpebxed Sth s}gnlwnl iy FIGur4g exltepmatively, the value

ubstantially |ar ger t ha . th ount er
N e corfesnly 15 i aBordis e enC AR s Uiy pr 306 ae
than&igitted 2.4, thlitlyg@lgér thifENC Qﬂﬂﬁsﬂhar@aﬂ; the récdienbiranh nﬁ'@y turn on” (i.e.,
in turn, trlg%er tEe recei ver converter. circuy

begiy copverng 40 SoBRe AXFRIRGPR eRauEh e § W12 Poron af thegegsaved ltrasonic

vARE Su 1308 ist1bat buk ﬁté“&buéﬁ‘ﬁﬁt it dded 961 shexdll 4 1afe aRGBAN\E Fime storing
si de based upon the 10 counter 240, counter 226 may

be
datscbat gt 1419 Wsen AUIPRiYELY Fillecquaiss Ao MARPEITES H Eieedirboth the

t&hgﬁgh&jgggveaﬁﬁﬁpperate conti nuously, converting the
signal provided on line 244 into a digital sequence

(usi AGuBtiD srage elamepns 2Q% maystensa digitg] feareseiaiiga of thejsent ultrasonic
‘?r%avgg g@_,e : ne?r?ﬁg'é stgx% elkﬁéﬁﬁ‘ﬁ% ?%}é d?%igall‘ %pre@@x%t%‘s Bfthe received

I ent ecause, en no
ujllraspalg avaives 304y/308; 3t shenld e understood by those skilled in the art, that the time
delay befween transmission of the upstream ultrasonic wave 306 and transmission of the
downstream ultrasonic wave 302, or vice versa, should be sufficiently long to avoid
interference between the two ultrasonic waves, but not too long, as the flow rate of the fluid

could change over longer time intervals. The controller 204 may access the storage elements
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det ect ed (e.gp, prior to the signal 302 being sent, or
even shortly thereafter), the signal on |ine 15 244
contain little useful data and thus storin

W?ég‘lﬂ"f’f"ﬁ& digital sequence may be of little gm52005/022944
. Therefore, to maxi m ze efficiency, the counter 240 may

trigger the receiver AAID converter circuit 220 to
convert and store digital data only when it is likely
that the signal provided on-13ne 244 contai ns usef ul

i nformati on about a received ultrasonic wave. In one
20810241 f'e BénvehitivmaMahnner o ratﬂyvmesdigmbrepmsaneﬁlpnmﬂbr processing to

By bl BSL Sl o B8 S8 i n
thd fate of-floM JFeKeMlid. VEJ(afnpléshﬁ algatithéns t}Mt the\cohieolee 204 may 1mplemcnt to
corr espond to.atine sh%léqvﬂ after the sent ultrasonic
rgRayessusip migsmatiprparg dgscrip tted, e.g., slightly

I ar 9&s cﬁﬂﬁ‘é’éed\hbolvg tﬁé"trﬁlsﬁﬁﬁﬁeifthetdﬁﬁrefaﬁl%tlme Howhstréath uiltrasonic
may “"turn on" (i.e gi.n converting and storin

wRyeRis PSFHcBAd i 2yerage hﬂmﬁh &elﬁﬁm% Hhetsfore e verees el flow rate.
H%cto cﬁl?é’tg 8ﬁe elBfisient e ﬂgulﬁ BB wirste i tbe d@t\:‘fmth@& o AQHHRence (At)
that 1 oés not spend arge ano nt of time storing
bebwebaltiee thdnsit tins (Att,) dfithe dmtrcameultrédohsrwm iandbé framsititinde (Atg) of the

counter 226 npy be ysed t tr| transmt

G SR SR, BEEet e S BAEE o8k B Dl by e

s@ﬂ&’hr&t@édﬁa@sh@bvﬁ'nﬁ BIG.13§, Rﬁ@&ﬁ@ﬁﬁﬂetcﬂﬁb Afmédyte deiithined dlrectly, ie., by

ultrasonic waves 302, 306 and the storage el enen g

eraypas T the relitiyetimes abyhigh theirageivs signals 3(aand 308 PK%BC“W rather
lﬁﬁ fr@rﬁ%ﬁ}.‘ Flf “!@éllﬁsc‘oﬁﬁdftotﬁ %msﬁl t¥me§hQHér€lfoFée ohUéQEé éﬁ:&p&’ pdpagation of

ose e art, that the tine

theml/naeamq wawes i the floid ivknave thepsloeisneh the ﬂwés‘e mad tlm\bé calculated.
306 apd 15808 f BRM kL BB

wav e in easure&\?"%‘gés\% 2 rA gdf ol aﬁ %Y%gttzs;uf fi éct:lzllne ntly In %two
tilcrasonii tthnsdunme,rthemmbef trepagetiom of the ultpasonic wasesdn ithe fluid, and the

fl f the fluid
g%?ﬁ"@f O&"HE %‘\98 lqgéﬁggﬁrml?&nsgﬁnt e:r)yalr ? eTge the fhu

controller 204 may access the storage el ements WO )
2006/ 004760 PCT/ US2005/ 0229244——1;5 208, 224 in a
conventional manner to retrieve these digital

representations for processing to recover information

such as the speed of propagation of the ultrasonic

waves in the fluid and theéfrate—of flow of the fluid.

Exanpl es of algorithns that thé Controller 204 nmay 2)
| npl e%%g &S&ge S&E@X?@' g#ﬁpod ﬁtﬁélﬂﬁ&éo% wWhHvEs IHQMdI@Q’qS the velocity

bel ow. sse ove transit tinme of
optit fleamnd Ads the mams (o matisinios 138 BrIB. 2)eipessn e tvo frasonic

t
?rﬁ%sﬁgéeés%, glg?lﬁ gaund a;b gXth{naagg élll fﬁ)owﬁrﬂél%e ﬁﬁcth%%’ogg?lg ?rﬁ é)arallel and if
tieupetrdantindelotvnstteam tkanqmtmieé trowensuted avara telatively smali ingagval of

froma ference et ween t

oy e ﬂsﬂhs G 51 2708 O TR el okt BB plaffe Bt ovr
1 elgasxkd titve 1;1@60#1 sitd tﬂ&ﬁfoud dssansioliy nvalyent, tBesmaSef firbgmgation of
start tines of the_ s tras i,C waves

P 2B SRR e Ry P REETE e Carprisrg il e
AlowYRaNd BRtERE BlgRinRiark fowRednki times @,td, an@\t,) GRdTRY distenct bevered (2L)
relative tinmes at which the received signals 304 and
3ordingtotheequatien: rat her
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than from neasurenents of the total transit tines.

rasonic waves in the fluid is known, the ve
of the fluid, v, may then be cal cul ated. The neasured
values of Od and " are related to the distance
between the two 15 ultrasonic transducers, the speed
of propagation of the ultrasédrc waves in the fluid,
and the velocity of the fluid according to the
relationships: Atd =L (1) & L O"=CV (2 20
where ¢ is the speed of 6Fq9agqg;on of the ultrasonic
waves in the fluid, v is the'velocity of the fluid
and L is the distance (e.g., distance 138 in FIG 2)
bet ween the . ultrasonic . transducers. |If the sound
pr o\é@ﬁﬁqaﬁ}ﬁe‘g%{\\{ge’i’eﬂ‘ée Y '?Jg\lf%?v‘?’} oY e W"Pf?e conduit are
parallel, and if the upgfraam and downstream transit @)
tinmes are neasured over a rel‘atively small interval of
t i MELhus,tepladifAt, bREAY 61 @pition (@ with eefrbpre@ntatiatsrfanequations (1)
downstreamis rel atively, constant over 25 the neasure
and; (Reand peeprming somee mptheradticrlangursfiong, yigjdsthe following fprmula for At:
the speed of propagation of #%he ultrasonic waves in
the fluid may be estinat et =by; ragi ng the downstream (5)
(with the flow) and upstream {&gainst the flow)
t I aNietefdre NBReadsONdiskASwWAlmIas@éE), LiidInodinbamSEbCsty deRmined
(2L) according to the equation: WO 2006/ 004760 :
basesiunos zaliyAOI Wity a knopg Ruig floyy pnd pmay he detgrmipgd from equation (3)

. ' ' j t; rmul a:
eFFPEYE el IdcR SR ld iy B A e e T 0 i

equation (4) with the_qu% seZEarﬁq?E from equati ons

(1) and (2) and perforn g*é e’ mat hemat i cal ©)

mani pul atjons, yields the follow ar,mul a for At:

T R ot b g R O Bl an e
-sﬂé@@@%&t&%ﬁiod—oﬂ the MARIMAIc(vRIveRYhDRIBS & eglatien (5) AR be simplified to:

based upon calibration with a known fluid flow), and c

may be determ ned fromequation (3) 1o given above,

the velocity of the fluid EPyzpe cal cul ated fromthe

\vozﬂﬁﬂﬁﬂﬂﬁe’ once the speed of propagation of ﬂd%ﬁs%msmzmm4
u oCI 1y

&)

f ormul a: 2 Q)
: c
.and the velocity of the fluid may be calculated as:
ciAt
~ 8
vE—T @)

The rate of flow (e.g., volumetric or mass) of the fluid may then be calculated from the
velocity of the fluid and various physical parameters of the system, such as the cross-sectional
area of the conduit through which the fluid is flowing, the specific density of the fluid, and the
temperature of the fluid. For example, based upon the simplification in equation (7) above, the
volumetric flow rate of the fluid, Q, is given by the formula below, wherein A represents the

cross-sectional area of the conduit:

_Ac’At
2L

Q ©)
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v=( L+ L2+c2Qx2) (6) Alternatively, appreciating that
the velocity of the fluid is substantially |ess than
the speed of propagation of the ultrasonic waves

WO R6{0P476% ¢, equation (5) nmay be sinplified IPST“@?;OWOZ”“
2Lv 2 (7) C and the velocity of the fluid may be
calculated as: v cL At (8 2L 20 The rate of flow
(e.g., volunetric or mass) of the fluid may then be
calculated fromthe velocityldf the fluid and various
physi cal paraneters of the system such as the

Cr 0SFhéRiatd fvadate oftieafludd map ehen b detetminétt mseghupahittehyofumestric flow
fluid is flow.n

rah ot P duid serpung st hand i e ey lPaatng dyis o be

yﬁ@&attea thab t¥BYal ﬁ‘yht%r%tﬁa%ldtdﬂs giite eHel diﬂd?ss-(sgc)loﬂdb anea of thie eondult the
olunetric flowrate of the flu

l¢ngitnefithe eraduif(althpuahde A lesser g?st‘e%tstéqﬂ tge ?rﬁ gtlonaparef}/ otI tge conduit),

f Rpetiute dependbiit. TRerefre, ibn
%9%382%%%@6 P%Eref%légo%é/ozgg?m T The mass flow

endupémmmt eltemperaiirg seragr miehe Heluged g e HEEM 6%@8%?“{Fptgﬁtempﬂat“re
otflihee g&[{f@hﬁe {51%% aEtﬂ’Eﬁeﬁ’cg tJ e chdirolisr 208 C Thélbdifroli& 204 may be

€q ua d-specific density infaormation.
drd)gramrrtd) whith infaymmation itcaftdaaldit this selculatjey ofiflogyrgtegthe fluid from the

\Eegor?ggeft%r 1d acF %‘dﬁl?ﬁ ﬁ{o%scerﬁ t'(ljf:g]&lp xﬁfeﬁ%oﬂ'rectfolfl?actors For

t he uit aI t hou
dxempll vaebatlarstm tﬂeamss-hﬁtlonad gsaasoé theicondulit aag/en fleﬂgﬂi@f the conduit

\glglpggl:ptﬁ 2 ang%%rﬁ)g\ﬁliﬁglﬁ ch.llﬁfoglg&%ntr%yoge sHP@d ﬂhlt}lr@ &ntrm 204, for

ererore
AR mlbok-ap taelaspgaftaatuheecoaenﬁmnaym;djubtah:p cvckctuiaﬂ@d of polumetric flow

t he syste asure t erature f.

iR BroUder T e e
VhRti&RNh kRl &ﬁﬁ@&ﬁsx[@&}f tiefluip mgrtaﬁp‘ﬁiﬁumn;dy alsofbe storddj, fom example,
t o adj ust r t

o He byl %?a FgfioR of Sl ¢ a"°t°n“?‘kf{’J iferacure
aﬁﬁmﬁlwraﬁoﬂa@eﬁdpmﬁmuns@cdsﬂtwﬂmact ors. For 10

exanpl e, vari at h%ns in the ﬁ 393 g‘{fonal area of the
conduiar expmplercomBminesayripns £3)aad ( with

tenperature may be known and such information may be

stored in the controller 204, for exanple, in a

| ook-up table, so that t =c_oﬁff_’éﬁ_l_er may adj ust the 10)
cal cul ation of volumetric fl(ay+a@fe to account for

such tenperature-dependent variations. Simlarly,

t enper at ure dependent

Within equation (10), the effective cross-sectional area term A and the transducer separation
term L may be combined into a single mechanical dimension function K thatis a func_tion of

temperature T as shown in equation (11) below:

KA

e= (Ar, + A, Y

(1)

A calibration fluid with a known speed of sound propagation (c) may then be flowed through
the conduit 130 at a known volumetric flow rate (Q) to determine the function K(T) for

different temperatures by measurement of the transit times At and Aty and their difference At.
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variations in the specific density of the fluid with

t nahure may al so be stored, for exanple, '
qugg@&u%%t abl e, to adjust the cal cul at i ogpof n%é’g"#ﬁ%ﬁ??n""“

rate to account for tenperature dependent variations

in the specific density of the fluid. For exanple,

conbi ni ng equations (3) and ;9) yi el ds: 2LAet (10)

Q (At" + At'), 20 Wthin equad¥ion (10), the effective

cross-sectional area termA and the transducer o
Fog g‘paﬁ&di fonds hawingnalspersyof beund praviagasionithat is differenfghan the calibration

d f i f
0 AR s e PERBA RS blibe bl o | 08"
K(T)At (1 (At" + Atd)Z A calibration fluid with a

known speed of sound propag ?]tz:gﬁ Ecl) may t hen be
flowed through the congdu a known vol unetric (12)
flowrate (Q) to determ neM h&4function K(T) for
di fferent tenperatures by nmeasurenent of the transit
times At" and Atd and their difference At. WO
w%?@ﬁgﬁ? %ﬂﬁ&p&%k&@@ﬁﬁhﬂﬁﬁ&% of thelienfeified fldirieinginedsured. In this
ui ds , having, a ee f sou d 0 atlo t hat
mefinet. SRRANIONS e YOUmEiEF P I dfe RytpRpgratuty effects On the echanical
dlﬁﬁﬂﬁﬁfs%‘f tHe RoARMANSEH talcealifitd atdonnt RS al pibendilifiadent fluids.

T)AC (12) (AL, , d
S AR & Egéwbmétehmw e af Ao TR b method

fof hé’iblgatpl‘g RO SR BRd A e fihid. hhé first SRR, theARLiAHhORE of the

e voldnmetric flowrate due to tegerature effects on
dctWrstrmn:hlanscmai wawginmayrhsi narasured/cal¢pdatedandiin seopnd stiie322afhe fransit

tu'lﬁngg,r ?&ﬁ dxp?%ea&]lolgrasg}{lc t aé'r@ gﬁ?%@ﬁ‘{efa d%aﬁcfu nﬁ ig \%cv%e%preciated

theld :T%Qfslam) exdd mgmﬁ./;’dlm{bemer‘tbr‘rﬁd mthc&b\hmi ordsy Withput affecting any later
cal culatn e w rate

PiSpus i et epar e 6 e Yapa Gne S ool e speca of

ptébﬁg’aﬂﬁﬂﬁftﬁe wgggmma%a\bte mmaﬂurdemuyaaldemhamem (famkample using
secon e transi

cqH3teR BARPRY skt davatne e cHbadiHBLY i soRaraiagly

: céﬂvehlénttté’ s@x%lﬁﬂﬁlﬁﬁﬁi P88k of RAEAG WRRH 133930&9 G’nd%ﬁvmpecd of
al so ghanormsd in the reverse order wt

p@m@@pm pkthe pljrapanicevave inihe 88idagd alse deeﬁﬂm%é msﬂ%atw@{é@
tl‘['r?l?gixéﬂé abb 1 SPHls rbg%aﬁrer}ﬁ’é%eqﬁﬁgdlgﬁfy‘%ﬁ'@afé@ Chs ﬁd?@ateﬂnﬁ%ﬂg 326, to

ropagatl no he"ul trasoni ¢ waves in the
mainjaibhen akstieataricensd of the spess afipropagatien elfhe Blifasanicokavesin the fluid,

“%Pc% zpaem&gf?fga‘%amégg%m A% BmPASATTRE GBRk. Hhud, & may be

desuable to update the measurement periodically, or if parameters of the system environment,
such as temperature, change. In a next step 328 the transit time difference At may be
calculated (methods for which are discussed below) and then the flow rate of the fluid in the
system may be calculated in step 330 based ﬁpon equation (9) or equation (12) given above.
‘The determination of the flow rate may be periodically repeated, as indicated by line 332, to
nearly continuously measure the velocity of the fluid and accurately detect any changes
therein. In general, as the flow rate of the fluid may be expected to change more frequently
over time than the speed of propagation of the ultrasonic waves in the fluid, steps 328-330 may

be repeated more frequently than steps 320-324, although the present invention is not so

limited.
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convenient to sinply maintain a record of At"+CQtd
which is directly indicative of speed of propagation
of the ultrasonic waves in the fluid and al so _direct y
WO 2M§/004/6-quat i ons (10) through (12) above. TRICE/US2005/022944
procedure may be periodically repeated, as indicated
by Iine 326, to 20 maintain an accurate record of the
speed of propagation of the ultrasonic waves in the
fluid, which may be affectedl®dy paraneters such as
the tenperature of the system Thus, it may be

desi nakdr8ink o SRAM R diniet, ARAW REEREY Regropsitianl foyAt and it may
i f paranmeters of the system environnent, such as

| thezefpertgtunnesessehyatn geeasuraA and it caghdpnethg flpwaate jsgp §¢ determined. In

e i fferen e I
R
anb Go@hdﬂﬂedm iuftrdsbiic wabesayesilenysrkapwheAteaydelretaated diresths by

330 bas upon ation (9 uatlo (1 iven..
CABETRRE h HBCHEBTH P IeONE DN RrsRB T 40 ngf g BReived.rater
thél Be‘ﬁ%‘ defhéd/ b8 RRALREmendSofithrfait GfheOXt, |athBtd3$Rls nia® be

nearly continuously neasure the velocity of the fluid

partd:uhlcla udm@lgyo@éoxeat ﬂeastmyo mme&rstt esh@yvp in FIG. 6, measuring At

en as the f| o of t £X
. cg@cti)hrg%ge WBFeeacF?rg F@ulalan 1tt1 ﬁ'{)m &féa?lﬁ%gr%tggf 81% c#t‘b dThlS is
K&EQR@Q@HC@QE&E At hﬁec‘tl'y tHeaS19 6h§ onverRasuremenhvbived ahd thus only one
steps 328-330 may 30 be repeated npre frequently t

Eegmoof o208 or wllerprsagtisacistedgyiBsienBy PenFat $26h megsument of At,
2}5@ 3 ?ags%dlatex\gl&qgﬁ) gllc?)?rgcgr? At%é&’?ﬁg é&%@e‘ié‘ 4Thusla(% a minimum,

O one e ate may e
HlQRGIOH bﬂﬂﬁﬁrorﬁ GheAburéichts df Am?@nd At Jtexs ef @degrdes of error associated with it.

unnecessary to neasure At" and Atd §%¢ tlne the (ﬁ Iv. rath
Inadditips, heghuse theestie PR QBRMeasHremspHEY oLy} i b QIfgy, rather

t?l)il?ﬁ@dnﬂ1§m§})/ RGO REZ R Ecesits imehad mafi8e ferpaa[t&ﬂmbretqum théreby
the upstream and downstream ul trasonjc wav

erlahlingsa JarAgcurae cpﬁyxuglés deterraination ofitheilew i,atC (bff;heo-ﬁuld because the.
ngéﬁ!ééfdn@g)ettv@@n {le AR Penfdnts\MHy W3 rédiRed.€Cei ved ul trasonic

s 304 and 308 are received, rather than being
der i vetofdingiornma smbedimentseash of Ale and Al Fiay be deteanipgd-usinggne of

'f;o‘cstv(isj g{ rl_lhthemgi?é{il gr%cesg%r tlﬂ ?ﬂél &é‘hglﬁ’gé\?\%a%@‘%?%%% ?%lﬁmethods may be

WO I eas
ned sal detétg thatreceified signhly 30 P0has kooven iadkaarhit Bor example, 2 certain point,

al cul it.from ur 5 i
FE ot MRS AR R AL Ao T imPRe dgbfeg it rcorded
@ﬂfitﬁa Souated R®e Lisddny eél?nemeamé eldpiiz] tenween dteeknﬁ@n deg ltlee of the sent
0 error At e tolera d wi.th it.
Bl 3021206 Al Y AELEST BRBRE. B mAND Sha i A fagpion oF e
eSredd J)rﬁl‘ir%jpd{ﬁtth'ﬂtﬂetreo%ﬁ/e@ Elgﬁﬂls 3031{ BOSAt Areraginch técthﬂﬁlues as known in the
respectlvely Thus, at_a mn cal cul atio

R R BER b R HR ErSpVeAs SogHAeYAR M B PRE i Ayt g fiies of sueh

S ehQirerRstO Oh #ti thaiher Mht] dnd At Mapbtiintdsorrd. BRREWS, Ebet:%ﬂ@é’ &veraging of
I's only one measur ement i nvol ved with_measurin

g Al
chany otepsurementyaay bg peeded tgbtainig sgtlrrf@c}ﬁorplg 4eRuFate qn@grement this
nore qui ckly,
e%oglgéa%&qo.ott \é%g%sﬁgﬂe P&t GREsed

er a nore accurate continuous
d et er i‘r"heraforeo iin mfotlteh exafipbayrather thapfdeteete singld ppint@dthinsthe received

51gnal sucﬁ as a he f)égfmﬁ’r?é Nehd tEGm s?élﬁmnﬁy g@&et&?ed,r ﬁgi‘ﬁﬁ@dj(usmg A/D

222), and stored in storage element 224. A cross-correlation between the sent signal and the
received signal may then be performed in order to determine the transit time Aty or Atg. It is to

be appreciated that although the various processes of cross-correlation and transforms
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Accordi ng to one enbodi nent, each of At" and Atd may

WO HU6/9e476¢ i ned usi ng one of several mat hemat PEAIUS2005/022944
processes. In one exanple, envel ope detection
circuitry/ methods nmay be wused to detect the received
signals 304, 308, as known in the art. For exanple, a
certain point, 20 for exanpl®- a begi nning or end
poi nt, of the received signals may be detected and.

disE 6T BAEHy wlbk des&ribeB} fBF coffdmnibife Lis @hmis Of O Bdit akdwcdivétEsignals
el apsed between the known start tine of the sent

30%.3%;%06 309 308 ¢, achahmathernaticat proeedyEsAaY bF Rerformed Rp theieita)
reﬁ%@n&ﬁ&fﬁ oPlheteggRls on of the correspondl ng point in
e recelveg signal s 304, 308. Averaging technlques
as Kroswmotrelationgs a knawn methernpfioal precess t Gompryep fs\Rhiasen af two
sigB 6 ARG es b Suchlt WenfRRR A LHEREniQME on?eéﬁcﬁfdin%sto e R0 of

urenen S manner,

phase astichénf; beitivswm\tiey sigriabse Fosexampde, a@fﬂmlg @TFIGﬁa?fyand 7b 1f a Cross-
ol B AT TEE Reduld pdeBr il iAol ARG RS | AP HAE g one
's1gﬂelsa4|0abfoes iha o&mnm:)un timefBliGa Tay, she rimm‘utmg a paak 3irbatracaingle

. t h det ect hi th
poft BLoe. 2EVBRAME “Gh S ot bt G Y. gk fem.
bcgzgisdsz tzhg)ssmg.ﬂgl‘ec?&w g@aﬁaﬁ?ﬂﬂ act typ‘iceg]ythe penﬂecgf smil\n gydlé¢ Bnusoids, the
ang St or ST Or ene . .
re S BB B2 15617 858 S EHOIE 2 SHELPGGT . ARAR H46 of which

cob@GRIEM thd SRS boilBy, Wﬁ@ﬂh@ﬁmﬂ@t&f eédind slgﬂal@ hfdaiost Olosely phase-
determne the transit time At" or Atd, is to

metghsde dihas, &b PEFrMing 3 HEtHAITEIEOY REPEES fea&%lggwco\vave 302 and

i

Sidsiady,i Hye;xdrfolfrmng e orwsemr@mlen betweer theseny ulttapanicwaie 3qdnd the
recel n 0
oot et o et we s, AREaARto R mi6s fakiRhed. Beomae
eadh gdrt ahd receipedesignat mhy mavs acértaindawdvadttyBland a certain time duration, T,
oss correlatio thenat C cess .t hat
e e A L R SE R e
519 E-@Hint ﬁiem?émdn&ats dbfibdl dBye)iatttliéing oy thepcionthipg t o
e degree of phase natchlzg bet ween the signals. For
exanple referring to FI csBT7aand 7b, if a cross- (13)

cor rghéat| h%h%&ﬁvd?@d% B@fﬁﬂ@ QLf Bﬁ@}&%&t H@s@sufrb%{efn&(i'&% leB @ & hieve a
cycl e sinusoi ds i ng" one nal acr oss
sanppedegreascf agrppacy m th ﬁ@cl(lmoaof ﬁ&) trangif BmFe%EHSt thg;gefrelating tephnique

oRERK s %ﬂ‘hc?ﬂﬂy&}n Qgﬂufdcy Rithidta & cﬁib Hﬁasxﬁe%nenﬁ&urﬁ%n%d%‘tﬁercfore
st gnal°s are “per ect mat che In the current
n@y%mmwpfﬁmnb@@a@@éamnsﬁehwa&nﬂwré@ép lespaiptapeshegoul d
nu8£u1¥ caIIy be perfect single cycle sinusoids, the

resu the correlation is a signal, for exanple, as
sh OV\Accmdlﬁg €@ orf?, enoogimkt, St @oofrolisn B%marbwmegtpmm with an

t3, when the sent
gpgﬂ]ﬁbgrt se fldg%i‘&;ﬁ% §%r@3%ﬂlg%“8ﬁ - 8orre]l?1tlo% op r%t%n (8 dtgc? 'tn\%gcp |
uﬁﬁtfbiﬁld ':ﬁld rdb@hﬁtehmnoﬂ;eﬁt\mé rectived &ngls urftersaﬁ mgna:ls 860 ﬁﬁy be any
n t he_cor 0 ece, ul trasonic ve 4,.
Rt AETEnals RRuEpE oherapRl e S B af%ﬂé?%"?%?w?h a known
dbtd sRedrh OF With errér-doreifirzoddse 1Ak paferatendedimeitea sl signal may be

ul trasoni ¢ wave 306 an e
used, however, it is to be appreciated that many other signals may be used and may be selected

according to a variety of design considerations. In particular, it may be preferable to selecta
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correspondi ng recei ved ultrasonic wave 308, the
transit time At,, may be determ ned. Because each

woeends/mmmor ecei ved signal may have a certai n bagdyisdddiinr2eas

B, and a certain tinme duration, T, performng the
correlation between the two signals is equivalent to
perform ng 2n nunber of single-point nmeasurenents as
descri bed above, according to,{he relationship: 20 BT

= 2n (13) where n is the equivalent nunber of

AP O bR RIEN SRS SR, 2 e s e,
ltelfem!eto akkpnsl, that hﬁers feqenay lrr:mddtﬁmﬁmd dasbion @béxatsrlﬁndwndth For

ﬂ@g@iﬁ: I@%ﬁ{ Al%fﬁgng{lﬁe% ﬁggﬁr&cﬁ}%\éc}\{m ﬁxtea{gllg ]QBC? %tségwg?r iugher or lower frequency,
£ rec@lihy ¢ @llsiebedt thy v agiongthe fenesipial lag Bt sdlevidisictothat its

| e- poi nt rements. Accordipg to one
@wﬂ% espop %t°&§i@$%1qr{§ﬁ%%§%)amﬁ%§’§)‘°5@“iﬂ"8"grﬁ ahheeamRIe:h
BidzoeRlcHR ulttabdhiOfrans@lceif miy Kive d GhrtNBanti Ridtd & d SPefitiRg fré’quency
correl ation operation on the two pairs, upstream and

Eo9h it men b preferablerfo selpef arseRteTianalthalmayise as mpgh as@agsible of the

SARAINALE artORoquatiel rATRY o?ﬁle%m’asoﬂf' rfnstdets&oks &f mm% leficiency. In
i ncl udi ng, for exa a chirp signal or a signa
nmrd@alevﬁh@ WDQSIEW@?\%QB Okrwerg sslpcrtechﬁmbg chipp sipnals havmg a bandwidth of

[cﬁ’&he&? vé? g ﬁ%gge%%g Jé."g}e B ARG Q?O@Ig%gg 'aggx{étdura%on of 150

|rp SI however,
am:msecmmlt ed;) t ]In a;tto iva appredifted that guokb shn‘pagigﬂabisdmemea:nﬁnple of a sent

| ect d t jety of. desi .
P BENE s oo B B A5 H i oy
SEb ee: tised, 2462 Qgﬁfﬁmﬁﬂb}ﬁﬁaédéﬁﬁﬂ@ﬁﬁeﬁg4hy sigdal @Al

i s.substanti i mune to c ai n ki nds of
RS OA ggP@ Bl 8O S Efor AT ATy 88 e gy be desirable
a5 giehl sighatmaglbteeasﬂyfde&we IQlﬁ}ythb Bther xdeisemmuraﬁsﬁué@ahu BB receiver
over, its bandw dt h. F ﬁpple h|r begi n at

SHEHP pRARIARIES accprate g férfrrc?“b © SISt HEY, at‘ﬂ? Wé?sy Sor | ower

f r equAB &Yown th ZhosEeE 8Kl hﬂﬁe i@, tRRatBERAIh] fbcekd\6 cross-correlation in
i nvention, the sent sig may be sel ected such that

ithestime domeiRis gaHvaleRtie wmgattoa ohths sigams i the Frqueney domain.
UtefeHO b Gordih AR CRiriple, iR c&ﬁ‘x@ﬂ&?ln?a be IB&(%FR)%&% gbﬁonn a cross-

ultrasoni c transducers may have a certaln bandw

SAuelafiray hgtwasy theserf e egeeived pigeals inthetimge damain. elangthprembodiment,

(8. 80 23 g be BRI o, 45808 DGR b
Ghen 'awscoﬁwqmemcwalnmaimeprsse@tatlass pefomdegiensy dbmaio mmhm;ylcatxon of one

I . '

B EuEE Watn rePscRiine by U e A 2o e W3S ot tipguency

Elbrrialri rejwesIehmtlcﬁﬂ(m'izthe ﬁ:&qilma' cfcmﬁmu entbxy-traasfgen tife ndidfiplicttresult into the
dur cL osecon

(R, o ot a ECH ] ™ Ry 8 B AT RN Bhih e signals

| 4% fét clvdely pRematched arl theydorrespogdiab tHeltRinsittive BE odl QA For this
and the invention is not so |imted as other

RGP rﬂiwaqogtr%lleg A%t %‘al‘rﬁ?/ or iy pelyde g digiial sigaal grogessge

appr e Refd@ith 0 ¥I¢ 0 86c08dihg tohelembbdifiedt! the cAMbIS! HAGhay be

having characteristics such as good signal -to-noi sé
rrEpgTammes With gh algpritlipy topetformhpfag ouﬁﬁrwaaéfoaé &HHT3 jop gach of the sent

and received signals, for example, sent signal 302 and received signal 304, to transform them

into frequency domain representations. An effective Hilbert transform may then be performed

on one of the frequency domain representations by adding a 90 degree phase shift to each
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15 as such a signal may be easily detected (by the

_ wogp‘%%é?%htrasom c transducer and the receiver Pccllfﬁs%éstlf)zwu

vide accurate results fromthe
cross-correl ation process. As known to those of skill
in the art, the mathematical process of
cross-correlation in the tine domain is equivalent to
mul tiplication of the signal®+in the frequency domain.
Therefore, according to one exanple, the controller
positiye oy gompomeeit srol 2080 flegres phase $if to@ck prerbYef4agPNCY

bet entestan rec [ [
coraamphandlﬂhenéwgl{] gpg%ﬁtgg?ﬁ'ﬂéﬁ%ﬁ d?ﬁ@llrﬁe tP onts icussed below
in f1€p PI40dh anoreet ekam]ple,rtﬁmdmtrallémmysueqmgrmnmtmw lsrfgmahIsF FT on the

o 0 L A LGB Rt T on e
sedbdl kighdli(aey 352, fof e)@.ﬁtple fbﬁeltlétEs@r[a(E Bore eryfodmrrga lhhlbert transform on
representatiQns “e&r nFI ex con u?ate E‘g ﬁ el with the
asraneub@mﬁmaa%?fﬁlm QEBHECSPEHRMIAE £ VP t&?ﬁ*gn
fuf@BRL e, aRFerd Be t—ﬁlﬁéﬁfrﬁfsfﬂnﬁhﬁ'tﬂ'ﬂ&éﬂaﬁs hl%ﬁ ekaﬁﬁlbléd inithd @equency

the 25 tinme domai n, where again peak in the S|gnn

domaip, for ¢karenle byinsriomiag beE{E S iheHHiIneR; Tepsgorey g gr“éls

appﬁgxﬁ Stllﬂt 9‘1%?\4 Nas%@%a?m%@&&:@ﬁ&gﬁ%si .fs]'lsi‘ﬁ r&ﬁ{v@ So:g@ Bﬂ%mﬁl%lgtnbﬁ that is,

allosine mmmnemt@ ﬂremySfb@lerlﬁtﬁﬂygqtﬁé sig emapqmie@tﬁ pag alkiggfomponents

arflr {T%n%gn%x%&ﬁ n Jg?’&g E&Jn %%Igespm @4 %ﬁgné ’Cthcoﬂgnal in the real and
1er h

e cC o progranmed wit

imapinarygplemies. hmctoodq@)’,ftdﬂmg an HF&%@f qaehuofl tbqs sqnt @lefﬁ@i‘i?ﬂ c¥epaty and

peétggﬁ%g gn(e) ec 1tve gllsl% Farggofﬁ ?gg{ehl\é{?% ngy@tgrﬁalgfe%;esentatlons is

mﬁth&ﬂﬁfe@llquik&tﬁnt tmttaakn&g the EE’ﬁ@f onlmﬁ;hmsmteqndemmeésms and
effe lve Hi | bert tr tehen

PEGRTHRE 2 hf’ﬁ & af‘srfb r?éll t{r;}% (thprroes ent egttang ﬁéc@%é&"ﬁgnals

addiThg cantdlied fgy €en }pbﬂ&ﬁl Réquémcﬁdwmmhump]1®ﬁ@6¢m4 figQuency
PCT/ US2005/ 0 positive

944 - .

A R P e B LA A e B TRRRR epreseaon

(llgr REAUPIENe éﬁ@ HpQRAcH d@mh ﬁeb?sseﬂmims ol thé ﬁngm dgmm (step 354)),
requenc omaln.re n at.l on usse

an e S BT RS B TG aRrat (i 360 FEFPER Tk o te

tiRE ASthAHTHe prdceed tQﬁmI@ﬁhuFEEnal s refegred td ;Isstgnsll gefiey clarlty Asa
(ste for exanpl e, sent

robpl it EHIDH S R 4O i< 0B P R s e R emel T

cc(nsetsﬁcﬁld #1249 theld [nt X RAPhOVhicHBE kot Sighdl 30Rhnd3@ékived signal 304 are
Pertormng aH| bert transformon_ a signal that (s .a
nupemiqsplamh@qe-matnl@d(@)s OB P el nﬁ@frlwbﬁmfﬂ@/ ggero crossing in the signal

n\égflf ?L?arr%ﬁ]ﬁ e ttntn]e‘te?o%ﬁt ﬂés%mlé J;% W&, of AJIQ by Qé"mdﬂ:ét&'i by a zero

‘ber ans e Si g Is th
cie¥suy inaiknalT, e isf flankeds oo yithed sidei by, 2 langpst ORUNS] p@ak ng a largest

%é{ﬁeglge nx?th]%%ggglgﬁj a?gt h%ta:;l I etpbﬁ%thg ﬁlﬁ’?ollglr rmr?p&sc tal?}?of a variety of
kﬁdv@*ﬂteéiﬁﬁkﬁi&ﬂ &ﬂlbcaﬂ&lm‘é Qemhrd‘simg ﬂi dgrial €, tral thiveto detegininaithe transit time
signal ; that i

Aorh o O SHEEI 5 BEPTFESE LGP 6 RGBTt S et Eiler

traRIRRNGIoR ofﬁ{eq}éqﬁéﬂ(‘:?fd@ﬁlﬂfﬁ‘i"eﬁrgseﬁﬁﬁbrﬁewéé @mﬂﬁﬁi’ﬂsfaddﬁﬁﬁl 290 degree
corresponds to t " the signal _in the real _and
phasaghifide gaoh|papitise frm:@mycqon@pyent anfa T?& dggreg-phase shif} tn-gach negative
M Gha$ la AR SY chﬁ‘l'in Aiiifg A0D0 phase shift
By P Lo BESLAE e LOERLS o/ ot s 0 e
teleashipositiepiresmenny somparent and a 90 degree phase shlﬁ to each negative frequency
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mat hemati cally equivalent to taking the FFT of one of
the sent and received signals and 15 performng a
Hi | bert transformand an FFT on the other of the s

Wgﬁﬁoﬁf(’@f@f’ved signals. The controller may t heﬁcﬂé‘FerBWHZ”““

frequency domain nultiplication of one frequency

domai n representation by the conpl ex conjugate of the

ot her frequency domain representation (i.e., nultiply

the two frequency domain représentations in the

frequency donain (step 354)), and performan inverse
cEﬁ]Somamt taheé then Irrtultmlymgithc esufrequestygonBibleptesentations inskperforming an

h ﬂ 1i % upﬁ domai n. The processed tine
‘U@Wﬁ' éVQ SmpliEdit oq o as signal Tr for clarity.
As alt ik ashd atppﬁa‘cxatddehdtlalltl’amglﬁ tlterahmsef abgaritime whodesexibedrin tames of sent
Sig i.nst ea ak in, e signal Tr .
ngﬁ’ﬁﬁ Ciaals i B‘g’ﬂfﬂ go‘g gl}qﬂlgqrﬁ a%fy %Mfegﬁmtsﬁrét sign@l, 306 and

é%&%'mg%glz?, I’(IBS h £d|§l‘i3tﬁjthﬁd HSlbéxd ﬁ'bns@&é 1afyebe pmténeﬂ dm?cdghm the sent or
phase- mat ched, this point now i ndi cat
racez\éqdé@aw@ ‘ir?rsstcﬂ’éelg'i“ﬁ‘rfgltﬁeﬁem "}"ﬁ resiyed SERAlY- e&cfﬁ’éﬂ‘ the

gﬁtﬁgé g{ afi® ALy %§M&gﬁ Berhfin the sﬁéed@ﬂroﬁ@étl&ﬁof the ultrasonic

cat by a zero 25 cr055|ng I n signal IS
wms. keitie floid medyt Healeteshiged a@yrdalg taregeation @bwevét Sbeldﬂ aiso be

aapﬁ(rjec%tetdamggrgérdeﬂﬁ g@c%. o§%ﬂ 5181 "ﬁle D¢ andh N&@nst—ratc terms

of a variety
aiffthe innmmed emﬂmbcqmesi m stei) d%hshouldrie rm;bozeccr pripstpperfosming the

SR ! 40 NS, ERS b BEPHE i st

| ésbé’htﬁtly?ﬁo apprévtableoD@ioffept and 1o freqienaies ridat ctnerhalf thtersamplig nate, or

n one of th enc n
S oot DR s o Rar e GO ARy i

Efe‘fs%ﬂtzit%nfrﬁ@ﬁié%ét&y 760 qmme mrfandn@the A¥edeFFEM sptpa.‘sﬁé

| 0 each .n cO ne r

o5l REOHEE S0 GGt frars HESPEH oL PRBRRENE Qe FlyHgntygves inthe
Ahid38s Bdehfdbterthified; dtopwsliet nag uﬁplemaﬁmﬂylgonﬂmmrsmt ofalmﬂ'uctlons to
a- 90 degree phase shift to each gatlve fr uendx dth
SesermTiDaty the GREeTIMGS BURRSEIS Bies, hetweenHe bR PR the
%% u[h%s&rh@wwpw&l{oﬁgﬁﬁp&\fc glﬂﬁ% & ré%ﬁﬁﬁﬁﬁg tfidr @PAt, and Aty.

per ormng an i1nverse FFT he mul ti
. Thed) ks sholvi ih SIG.G, hemayptpr pecibdically dakatated|and bmgd«rd,t Eh@g with c, the

above . al s desc

NSRRI S o SAr G B P Rln Rl cthogl T
BfREndRdf StePd, 338 41830 3§ bamepehted, s Shomrbysllrg rsaz aS(b&en dsdesired to
addition, the H.l bert apsf.orm ma erfor
S Biehaons by 0 o BSACEATEY o B oL HEAE e Ben tan
GlePS28CRANR8Y Afeipeffomied] Heps 32011322 A8d BRIV IRtepdagxpdssshown by line
Once both the transit |nes

080 RrdR b RESSEBPISRe 0 AT DU PP R SHdn e

Wae SAlﬂﬁu%lhfﬁef dahi df ﬁ%?aéﬁﬁorﬂ&ttﬁé fraeAicAesved Jithofio may likely not
equation ove. shoul d al so be appreciate

tvhrytovershortdiare intgrvialscaicle as the timsigeryplggaingg tq rﬁe@tl@ﬁ&t ssfbdetermme

t f
50 PP BB o RS B e i may
paryarvet longa rtrhmmmn@p fon exampw avithgermperatigg vgu@p)ng gghe gy5tem.

E@%{f?ctre H b Ogena?eg bt%fl aﬁﬂﬂté glg ang%?“erg&lgiﬁl g%egb fogﬁile ultrasonic waves

notherfRipniodeslnardn raspmshtavl f dettdeeedshange iimigpe systam) ermlronment in order

to account for longer-term variations in the speed of propagation and maintain accuracy of the

calculation of the flow rate of the fluid.
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aIternatWer those DC and Nyquist-rate ternms of the

WO%’J&O’OH ed frequency domain representation fl?ﬁo%%‘iz%t

zero prior to perform ng the inverse FFT in's
356 15 Referring again to FIG 5, once the speed of
propagati on of the ultrasonic waves in the fluid has
been determ ned, the controller may inplenent an
algorithmor set of instruct?dns to determine At, the
difference in transit tines between the upstream
ul t Aeserding tovanecenzhedimens thejenniratier s implemssic algapiiye similar to

d}:srgz(r)l di gth retfergxﬁctﬁ§§ H%téprrg%ogﬁtuiraﬁd EFZ{? legief‘%td%{ﬁg@ﬁg éQfFor example,

th@amnollercmdyl be pregdraminad edth an dlgbsthuste gerfadnoa gosﬂ-ctdnrelanom besween

R RREREL O S AR Sl ke

&%ﬂ’al sdvEiaS pedll thabdtireSiddsRya thfe peipeaivhith tl&stwhmm/ebylgnals are
ine 332, as often as desired to accurateley E oni t o
mesh glopgly phasematched snddhatthrgforeggrpspords tp fiedime diffprence Bt In other

whriél 'I'Q:kc%s cl)r‘?§1§t1c91fc;f % twaé}&:ewéﬁ mgﬁil?ﬁlﬁy I8 Pide Faile ﬁﬁﬁndlcatcs by

perforned, steps 0, nay be repeat ed,
hosmmm the dpwrrearg ibstet) éeqqp'a&ﬁenatl ﬁ@%&%ﬁ*@f#@ﬂv tige Stlcrbéhat it

ap?) Qaﬁ'lgg) a?foYeD{gougs%ﬁE Il 2ol ﬁe lstrE s Fé'&bx%d\ﬁg&% Tﬁhst AR “Bre shift”

t he spee propagati on of
indicttesibe rime diffarerse iM bethveerf ﬂhq trelnsntaynels |oti§1|ey1p$tmam ané dgwnstream

ver. short er as 1 i e
R o Rt oA i A e Mo, Pt M e
ofoft, iddendi.] ui d, the speed of propagation of the

ultrasonic waves in the fluid na var% over |on

t i meApEPGUEYEd 2D9Vsy Incpg FEATERIe e pntrelip SPA Y dRigmP itigigdomain

_ cﬂo& éoﬁ%laﬁ&%&%enﬂh@ 6 REQved stlgn'ﬁﬁy &8RS EXaat& tHeQontroller may

updat e .t he neasurenent of the speed of  the ul'trasonic
inppigraent “B‘Q};quﬁlsst weh a3 an BFF T & ragfoss thetwgysignals inge Fgaueacy ¢pmain

e?re@&kaﬁﬁ,h@@h&@ %fwﬁequ&c&m%nﬁmeﬁeaeﬁawsqmmtmmpmﬁ @g by

o0 account for onger termvariations I n the S
myltiphargeriediequensy damaingenessaiationiy the Formplex conjyed oa"tthed}#wr

ﬁg@ﬁ{?@%%@%%@g%&ﬁfon% E&}Acgr éfgﬁrnqiorrm%eg qg ﬁéﬂgﬁegg@?aﬁngnor similar,.
reshib Referring kd BIG. fytherapiy illnsiratedarfloay djagramiohong evample. pfp method
fogagttemqigﬁl l'éé?ffcﬂv Maé ?f th& h@iﬁeﬁpﬁeﬁé%odgﬁﬁ Q'bg gel‘%rmcd 3R €ach of the

erm ne exanpl &
received Sgnaty 30d4mnd B8 fr toagsrmrgwnvintofreguensly glgmamhmrpé@ntatlons Ina

BERD A SAGE5S R A PSS E et G - Hihenr

csmp(ﬂﬁnmﬁ hed@ddgidt phase dhift added ®i gyolaheghtive ﬁt@umcpe:ampoﬁcat of one of

n

'ﬂgfaofgqqg? y Séafngﬂgfse; e O nb ﬁg&@\éhﬁéff‘ wétgoe %\&tl{@fand pBSke shift

rdsORY 18R efedtive TRBHEE 'ﬁdﬁsf&rﬂl AndeFRT %&gdﬂeﬁﬁﬂeﬂ%&n&klgndln The phase
ot her = words, a cross-correl atl on of the two recei

shiftgpry) b ReHgroygdacpithen fraquensy d a@alpﬁ%&re%ew&mrapéglteﬂgﬁtwﬂwther than

affet b_Eltﬂg pSleRH 08 RdH(rE@eiveIsignAIS08] 3080n Stef B6U, af BET $na§' ®e
be shifted in tinme such that it pears to arrive
peHrmed 9 opg piethe seceiyedsignads, anka Hlé%ﬁﬁptraé'é@m épd Eihmay | b& performed

oyf'ﬁésothetr RdcBived | klgﬁals Nkt the to GB8lieasy (ﬁﬁneﬁthépﬁdsé'fﬁatxons may be
difference A ween the transit times of th

rmﬁ@nlmé Qgeﬁxnn(eeﬂs\bamltealwmg @ne fra%mycdm@pm%@h by Hs complex

c%)fgg%# t?@ﬂ%ﬁ%dﬁ@ﬁ@%ﬁﬁfﬁeﬂe&ﬂﬁﬂ&)%‘ Yhe'TRGHerc§ domain (step 364),

and the multlphed result transformed back into the time domain using, for example, an inverse



10

15

20

25

30

of At,, and Atd. As discussed above, in one exanple,
the controller 204 may inplenent a tine domain
cross-correl ati on between the two received signals. In
WO 6024760 anpl e, the controller may 15 inpl eﬁgﬁ{l}sgoosmzwu
ransforns, such as an FFT, to transformthe two
signals into frequency donmai n representati ons where
the frequency domain representations nay be nultiplied
(e.g., by multiplying one ffZEguency domain
representation by the conpl ex conjugate of the other
HrTesuepeny. U6 dBtefinin€ Bt @RP1I68Y therdntrdllat iney inipientent any known .
correl ated, to achieve the s?ne,,or siml.ar rgﬁulg. lari
tyaBRIgH? forlgeaieR FrerTosng it Tesylting time damaiy sigpal, (rpfegggt o for clarity as
ﬂr?],aag HREsSd BB, CHRTRIvErateQs tie AR Magl théf bé BéterdRbcrbabodiupgn
the flowrate of the fluid. In step 360, a FFT may be
-equation (Med eauntion €1R) given peove (e} ?Ped si gnal s 304 and 308
to tgAangS &ra'fgg}e@ﬁ{éh ik QueifJuB IR 6N ve ks and mathematical operations
representatrons. In a next step 362, a positive 90 .
wirg disesgedabe clatityt in tams dfshesgrtand reseivad plirpwsictwayes, the operations
fre . . - . i .
oo R P BRRR B Ui B e st A I O RS RIARE, ki, gpsorte FFTs
dndl #ifber crasfayn saoydiensedgnd ewdiiplivationd one fetnendyadomajyerepresentation

conbi nati.on of the EFT ' . 2Se L Beste s
BRSSPSR BRESAR ppain
aMhadigitas ivalnes. It i§ fierthehase appietifted thaythb ebqpredessribedimethods may be
ei.ther frequency domain representation . .
hsiieat YOO TS Ao RO RRER) bElher Yy g glocty e
' gai@{y dfa]gffarw guﬁfh gﬁﬁidir@@ﬁutﬁaﬂlﬁinitem_ te,twmer_sﬁmilea rhéthital meytures, and
e perfornmed on one of the regeived sjgn ,_and a
F I8 DT GRE FOF AR ohe Py Do ﬁ%‘? FEPRR AR et fe Sotem
SHiiBREiof. SnBEdeE pRbA n&adawle%@ﬁf plrdpaﬂie; »Ohé (IegsoaoyaveS BEdhras the speed
representations may pe_3; tiplied.together .g.,
PAPTRRAERT B of eV YR “‘ftg%aﬁlg rﬁ%ﬂta"aﬁﬁﬁahﬁwé ﬂ%é@grﬂf%'ﬁ&?wﬁﬁ?” to
tNQAOHR VB citeSithd Bidit Sas e spB&I (TipRpagdtiof GOMB Qltrasani®@ivives in the
representatiogn) in the frequenc

. i on) ] donai n_(step, 364
oty b S BRI B S R S b catoes
| LAtioASY) & eqhi £ abd¥8, UsgaRE Rl f the fluid and
L g g B o e ey oSy
o vrentepingl perametersefdhe gsm andfeefleldnt rol 1 er may
i mpl eﬂﬁ&hatﬂ@%& KRG e S?Séamfipfﬁlbﬁgatt@n bt ufragoriEWiVes of the fluid is
crossing In the resultin i me” domain signal (referred
taovoin adamcetfgr exsmpler haseduportimeasseskigstapigvdth amsgtiop|apfipid, the rate
I Re. 1 Uj ' .
oEhGy BEut Py %ﬁ%&%ﬁ*?%@&éﬁ@%”%ﬂ@@%""?i?‘%g*‘%"%‘%‘;‘%‘
Qeterntihing 8itliep Alyeor A Fec exengie, theapeed|of hwpegdatiom és) abibe altrasonic wave
al gorithnms and nmat hemati.cal .operat i - Wer e .
i B8 Bty TP EF aPre SR 4 Shies b s i st  the conolier.

ITRE Riok&g tabld map divde daty fisljcativicofalespatd afissundgrepagation for various

ctually perforned o he digital re sent ations of .
B ces ateypa how P o PESPogH DB ARG VR T oIS with
kdrAgepdt@e s may be used and multiplication of one
frequency domai n representatign

[ ith the canple
conj u@ﬁ%%dlag tq ¢pe eg}hqunq%wqg%gl%tp%quaora@tegrqg Slléil as Kalman
RReRhg ?{B@ hSdd H'H‘h%ﬂof?é heafabysf th&medsuteiRn] W dodle instances, the speed

t
values. Tt is further to be aﬁpr-eci ated t hat the abov
@& proprgstian afthp BlFesonis Wes in the flu

Therefore, in another embodiment, a temperature sensor may be incorporated into the system,

id may vary with the temperature oF the fluid.

located, for example, in the conduit 130 (see FIG. 2) to measure the fluid temperature. The
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independent of the fluid flowing in the systemand nay
used to calculate fluid velocity for a var

i
WOE!?“W%‘V%‘M fluids including, but not limted £ ST/I{%‘{(’&M”“

slurries, chemcal mxtures, and the |like, wthout
any a priori know edge of the fluid and wi t hout
fluid-specific systemcalibration. Indeed, a priori
knowl edge of properties of -t2e ultrasoni c waves, such
as the speed 15 of propagation of the waves in the
corﬁﬂollblftO@ whgtueiligs infdmmbticr prbvide'dalyy thelemperturo sens@de semdycally
cal cul ate the vel oc the fl.uid
S AR LR SO R SRR
wa%f%)in ’ﬁe f?lﬁf angwr Wédrbécmgﬂetéxﬂilinddmdms@te fd;hmygabwn efmpfetatwe-
of the uid may then he ca sed. upon :
depeqdant Vasitipns) FSF Cxagiple: refrrring &9 H&a@ B 15%8%“ thgbipe oy page of luid
in é’ @dn@ﬁﬂt tsictods chiditl 130] Ha@net be kvt Gy 8 cmsd- sd@ﬁdﬁr&d&lﬁih@f@dun
he system an [or fluid, 20 Alte natlve%&é @@- h b
Rathne as;sgi@ém imF1G r1d g Spidgnayciow temntt QBT 01 8 Glufisas shown by

 arrbW§34d, Hhd1dwe er ngmm‘edg@s th}(@%@ult {6we B? BROWs 3@2918@&0 friction

upon heasure

test data with a particular fluid,

t h
- betwgeethe Siridfand wowstuittwihdch may goviie effluid, pesr thy edgesof the conduit.

Thgr%?o i n%%%&g‘} tnﬁ)d &gﬁ&nﬁhﬁyﬁni\e"ﬂ@%m%ﬁ not be symmetrical. In

For exanpl'e, the speed
addxﬁoxp rthqrhﬁa’emcmnn ghepe betweerethe lipstrgam and deyurstream yltgapeaic wavefronts

mqysvagcvgﬁ%{ngggpu{é’ b%& %lés% g%naéepa%?rle 9@?@0t tﬁeoilf(i ﬁghtﬁ éﬁ H@tcondult

Thm‘.t}?ort nisd MEoldmulmylaprillycaa:Emmat@rfe deh@dslp@eueqifonimmdo the
atl Qr various
& o el fbRoPopat it fonidRelg 1S Al lfer may

mol@del aaﬁta\bastehhat reRsladewpproprate teberagre-deendent edytagtionsfactors for

aver ng techniques or filtering, such as Kal man
V%WWﬁéﬁ%ng,.nay be used to inprove accuracy of the

MeaHAV RS Seschibed veral axpectsiafas Jeattloae srpbmiiinexﬁ@f thiis invention, it is
tosro agatlon of the uItrasqnlc matﬁs in the f

gpgpr%ntt Yagigus &l reﬁaélpgf, lmogl {FATIQnNS, & nalpla)ve% w#ﬂ reacPB'yoccur to

ore,

 théseQkined inapdadi S[ﬁﬂﬂtaltexﬂtlérﬁmﬂsdlﬂtdﬁoﬁs, apd iproverenare mtended to be

I ncorporated into the syste cated, for exa
partpfthivdisderyrs. andi e "(t%flé‘eg ‘GW@)‘“ 818 StP5 Of g "&‘ﬁgﬂﬁp Jidgerdingly,

_th&?di%%{r@ltdégc@ tidi End¥Pav ?@A@%W@QOP&EHM%/ 022944 -26

contr ol O may utilize i1nformation provided by the
t enp¥hativdlaimedifsor to periodically adjust the
measurenents and determ nati ons of the speed of
propagation of the ultrasonic waves in the fluid
and/or to correct the deternmined flowrate for any
known t enperature- dependant variations. For exanpl e,
referring to FIG 11, it is known that the flow rate
of fluid 5 in a conduit, such as conduit 130, nay not
be constant over a cross-section of the conduit.

Rat her, as shown in FIG 11, the fluid may flow faster
in the center of the conduit, as shown by arrows 380,
and sl ower near the edges of the conduit (shown by
arrows 382) due to friction between the fluid and
conduit which may slow the flow of fluid near the
edges of the conduit. Therefore, the upstream and
downstream ul trasoni ¢ wavefronts may not be
symetrical. In
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10 addition, the difference in shape between the
upstream and downstream ul trasoni c wavefronts may

vary with tenperature because tenperature may affect

the flow of the fluid in the conduit. Therefore, tHW®YDWISE
controller may apply a tenpe?ature-dependent

correction factor to the neasurenents. This

correction factor may al socpgINgui d-specific, thus,

the controller may include a database that my

i ncl ude appropriate tenperature dependent correction

soveral adpmetdodf osEHRad B ot B MR RINETR:

neMERINYoniPiisirigtactsSof: to be appr eci ated vari ous
al terations, n‘DdIfIg@tIOHS andlﬁprov tsfstg‘/ill Juit using a
r eadpengdingfist andssecopd ultrasqri¢ pigeals plopy a et & gonduit using

{ L balidR8& at3§t AndREOHEWRBTidn@§ced apart alon
p%r:ogﬁgégﬂt tHl‘agltlh{acrt of&thlz di sgl osur e%and ar% P s
thef\tb&gtﬁ@cﬂtheocobdumthl n the scope of the invention.

Accordin I ng _description and draw ngs
are B?Febﬁﬂ?gg‘lczfg%aaﬂ’gl Sgco qgtraS%Wastl g |aisS clainmed is: LLOYD
W SE ¢rgé-c6h:&alYiy thb. firkt r@Bditetul@hsones gl ahd theaes@idarecdived

flowof a fluid in a conduit, the rrethod conpri sing
U&wgnmﬁlﬁa}s@rﬁﬁnﬁr@teﬁ resylting meedomain sigpdlasoni ¢ si gnal s

al on l.en )

71 o toRypBR B eRughe Bpf O Y oPrerRi’s Biference i transi
1RRShdtivedisths fraaeccipantltrasoniegignahand thagedondfredeined ultrasonic
conduit; receiving the first and second ul trasonic

signghal s; cross-correlating the first received

ultr ac%ﬁﬂla?mé 'tlganﬁke SEbvh BEhS SRNEh the S duRthasddlupon the determined
ultrasonic Signal to generate a resulting tine-domain

diffeeade; asdial yzi ng the resulting tine-domain signal to

]9 ?tr gtrprp?glggﬁg\}g%f:{]?{lgtg ate g Mo?iﬂe? d%wcé kc{pﬁlesp gge fg{g?gte}ﬁﬁled rate of

gnal

ﬂ@@gfﬂ@iﬁlﬂkﬁd@ﬁaﬂﬁitc Si gnal cal cuI ating the rate of
flow of the fluid in the condwt based upon the
det erwihereia the act @f £ross-epEatingePIRTSGS:di ng t he

cal cy ﬂe@i‘oﬁgu{rgg% go%& ?r?{ﬁfgﬁﬁ ]pg??’ st Ifegélvé@ﬁtxﬁ%xﬁ@ﬁgnal to generate

det er'mi ne oW O uid in the conduit;
afigt fequenby-demhimdepresasationr r el ati ng conpri ses:
j on.the f

P NI I e A SR
G EPARNG Vil QB r 418 R 56288 Rk LRy -domain representation;

multiplying the first and second frequency-domain representations together to
generate a resulting frequency-domain representation; and

performing an inverse Fourier transform on the resulting frequency-domain

representation to generate the resulting time-domain signal.

2. The method as claimed in claim 1, wherein the act of analyzing the
resulting time-domain signal comprises locating a zero crossing within the resulting

time-domain signal.
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performng a Hilbert transformand a Fourier transform

on the second received wultrasonic signal to generate

a second frequency-domain representation; multiplying

the first and second frequency-domain representati dbdYD WISE
together to generate a resu28ing frequency-domain
representation; and 25 perform ng an inverse Fourier

transf or mrgg nieﬂﬁ)dra@,f‘clljdlﬁlbdlgl {lneg D efalerdonmirising an act of setting
representation to generate the resulting tine-do
D sy ke GH5he teoulgneieauE T oM RIOSRHENa 1 zer

prlor toqﬁé adlo F ggﬁ%%ﬁhg thelillfersd PSUHek 'ttﬁﬁsf%hﬁr%n %’%hﬁlnﬁg fe@hency-

I'ses a zero crossing wth
dbmsmlrépm@nta'iﬁmtl me- domai n si gnal . LLOYD WSE 28 3.
The method as clainmed in claim2, further conprising
an act of setting DC and Nyquist-rate terns of the

resulyt i ng The EHIRRCAS QKIFRE in EIGRH @ SRifthat dddipristhgZ&T act of

prior to the act of perfaorm ng the inverse Fourier

deteemising awpsad pfipropagaiioniof gt leas goe AEthe fagtagdsecond ultrasonic

re res&n%gtmn 5 4. The nmethod as clained in claim1,

lWE)HSl ng an act of determ ning a speed of

propagat| on of at | east one of the fi rst and second

ul trasonic sint The t hod .as

cl ai Red | ﬁrhEI ‘Las ‘imé‘reg ‘HC{aH’éqaﬁ' ergim t@%laﬁtlﬂr}:gflfgﬂ tipg the rate

of ﬁ#)? ofPhe fihiAWa8dd ﬁﬂlﬁ tflé HitErmDASE iR IR rfbehed o€ fequently
erence is perfornmed nore frequently than the act

tiefn tHeaarafideienginingethe spend offpremagpiéggat i on. 6. The net hod

as clained in claim4, wherein the act of determ ning

the 15 speed of propagati on conprises: determning a

firsts trangetmdthd®addlaibttd ih clash 4vhEREOIME actSfaiR@rmining the
between the first and second positions; determ ning a
spesslovfbropagason camprisesf t he second ul trasoni ¢ si gnal

bet we lﬂ%{%trrtnnﬁn% %g%s%,pee%pg?lfe o He fﬁgtsdllfrb o si bgtgveen the first and

cal c pr opagat 1 on based upon t
séwrﬂtpoamdngecond transit tinmes and a di stance betvveen

the first . and seco asi.tions. 7. The nethod a

cl ai HSTMINIRS 3|S?ﬁ°8H t’fagf"f Hef OE Wf%‘i%@“&%n& stlgrg? between the

sgaﬂdoa%l%ktlr?bsiﬁ%ﬂ@tdnﬁg the speed of propagation of the
east one of the first and second 25 ultrasonic

si gnalakulatingltke §pead df bl;@pp&ﬁﬁnoo dased|uppn tlegylingt anvysepend transit
tiirﬁ:éssan%fa (Hsetgn(lecrerget ; ne% thtr:] %rsft Ia.rrl second positions.

7. The method as claimed in claim 6, further comprising an act of
periodically updating the speed of propagation of the at least one of the first and second
ultrasonic signals in the fluid by periodically repeating the acts of determining the first

and second transit times and the act of calculating the speed of propagation.

8. The method as claimed in claim 7, wherein the act of calculating the rate
of flow of the fluid includes an act of calculating the rate of flow based upon the

determined difference and the speed of propagation.
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and second transit tinmes and the act of cal cul ating

the speed of propagation. 8. The nethod as clained in
claim?7, wherein the act of calculating the rate @FD
flow of the fluid includes an act of cal cul ating % e WISE
rate of flow based upon the 3® determ ned difference

and the speed of propagation. LLOYD WSE 29 9. A

met hgd of AﬂxﬁEﬁE)moP HBrRinit Lraf of fl W6 Of fididfih Wicdnduit, ahe
conduit, the nethod conprising acts of: sending first
metiddsevpnidinglactsadoni ¢ si gnal s along a length of the

condui t..uskng a ai f ring- e

di sp8“§’élbnga$r5??'}dsie %rh%ulgrg%oél ﬁ%gﬁrzgsl?@?g%%ﬁ s%acg@ﬁgg%ﬂmt e a
péik 8NEng-Shdpea tlaasdyicrsalispobes at dimstiand secoad positings $paeed apart along
first and second ultrasonic signals; cross-correlating
therlgngth pEthecopdyitied ul t rasoni ¢ signal and the second

Fecei %R/in%’?h‘ért‘@&%a%ecrcdngriﬂk!rasbﬁicg%ﬁrsgt e a resulting

ti me-domain signal; analyzing the resultin )

ti mecohosreomelstiggtile firet rdestieadnilivesonicgyigriab mg@ sp¢pnd received

ransit. 10 tine betwe the fjrst [. jved ultrasonic

ubfatjﬂ%if: SIghg' (PrREnea eoanrgsﬁgré%ﬁr\?g- oﬂﬁr} %lglgaﬁi c signal; and

cal cyhayring thdRsulahe tite-dontin signdlhe détetinice iardifférence in transit
condui t " based upon the determ ned iffergnce; gglgt .
tigredhetweanghe fast segeived ay Easopigsignaba £ RESONE EYACEE ugFasonic
Jse.as the determned rate of 15 flow of fluid in the
GOhddl T; wherein the act of cross-correlati ng

conprchiakting éief ratendfifpvaofibe flugk intthacsfdoitibased wwolhodetermined
the first received ultrasonic signal and the second
diféerensgedndil t r asoni ¢ signal to generate a first

freq ?marng%%ﬂcmaeel BRETY AlotRR de@BSI TR uS€EPIRY determined rate of
frequency-domai n representation, respectively; 20

frowt off fbigtiim thetdeadiit;r st and second frequency-domain
represent.ati o g .e a resulting

fr eql}% egi}p oen%?r?%?rg)ggr g&er%%tgﬁ %ﬁ{ﬁgg% perform ng an

I NV erpeefofipingi acf ourientrafsiorin omedcheofrtigsfilst feneived ultrasonic signal and
frequency-donmain representation to generate.the .
thesasped rRgeivPrultERsamir sieapldagenerats afgstireuengt-figaiggepresentation

Lyai i LT ; tFBARE s RgeIaCct s of :  addi ng
aglﬁg Sg?(qlg %{%ﬁ%ﬁ%&g%)&géeﬁgr?%é aph{f;]l]s)ﬂ(.a‘3 p?ﬁi f'tﬁand a negative
90 denuléiplypipthe firsthantl tse¢ond deeghenpysdomajm represquiatieys together to

conponent of grne of %&{f}e first frtet unencg-domai n
FeOpREIE YIS Fredpency HomatL SRS AT ARY - donai n
r epr gsefdt@lnglih indét8e Fourier transform on the resulting frequency-domain

representation to generate the resulting time-domain signal.

10.  The method as claimed in claim 9, further comprising acts of:

adding one of a positive 90 degree phase shift and a negative 90 degree phase
shift to each positive frequency component of one of the first frequency-domain
representation and the second frequency-domain representation; and

adding the other of a positive 90 degree phase shift and a negative 90 degree
phase shift to each negative frequency component of the one of the first frequency-

domain representation and the second frequency-domain representation.
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addi ng the other of a positive 90 degree phase shift
and a negative 90 degree 30 phase shift to each | YD WISE
negati ve frequency conmponent of the one of the fi rscg
frequency- dommin representation and the second
frequency-domai n representatBon. LLOYD WSE 30 11.

The nethod as clainmed in claim1, wherein the act of
sendijpg t he hldifdd astMmea ¢0OIdink! i | wh&einl the a¢t@TaerRling the first
includes an act of digitally synthesizing the fi rtst
amdhsecon@ plragonit sigaals mmcgudﬁs gnastofidigiially synthesizing the first and

' f i I ' , _
s%q%ﬁa,%ﬁga{gt%ﬂ%tc 'gf) 'ﬂafrgifrso?% é !&kél{a&l géggé&gllht?tléla&ffzal ?@ﬁ) #é%ag az (ﬁglp g ;

ul trasoni c transducer, disposed at a first position

al ong a Ienglth of ﬁhe conduit, to transmt a first

ul t r d3oni ALHHASANGHIVIRFITTLOMRIENE second  ul trasonic

si gngleondfli:2 second ring-shaped ul trasonic transducer,

di sposeg at a second position along the | ength of the
condaiftrstt rireg-shiaped pirasehia pransduésrodispased i ¢ Bist posiien gang a

to transmt. th second.ultrasoni ¢ si I .

kP OBE Fre it FrStrer 05h ST Eh ek dg o PSR sprope

wlieRbhigWighdl;t 0 cross-correlate the first received

ul trasonic signal and the second received ul trasonic

si gnalseeand rifshehaned ulirasenie fransdyceri HBRQSEHAS hseePRf Rpsitignyalong
P ' id { | R RSt SHifont & ¢ it th

iR T ARl G541l IR ATRCTLS! Bont ® yangmit he

sbéondtultraoric\sighalihid @secdive the dimstlultaasdniclsignsk @odd

received u] trasqgnic signal, €gnd 1t1° cgl cul a(%e arate land
of f IagRnbpller qopfistred ko Fiees-Etle (pliskiFCayhUmeonic signal an

t @ge%%ﬁ'a RRived 8580 SBnalia RhérateNreiihg @nk&Ioniatn signal, to
urther configured to:” 20 performa Fourier transform

analyzd thefresudting @meidopningignad sodéterming a diffarencgdn dieagictime

0 ERLRRRY IO SOAEP BB g PRLARAT Buonic o

29866 balciilee s redf fluw 65 AGIddn shegwvaluit bagdmpoatie determined
second frequency-donmain representation; nultiply the
differgpceand second frequency-domai n representations

t Oget\bﬁér%i'h%e g&ltlg)ﬁlgfefgﬁuﬁhé cbRfiglkd RY frequency-domain

representation; orman i nverse Fouri er

t r angfeofonmarF dunier tressidim oy therfestureeriyedddtragomic signal to generate a

ére esent ahi on. to I%e%)grat e the resulting tine-donmain
|5€f’i%ﬂu.enﬁ33. ORI IEPEFNBINNe f1 ow neter as clainmed in

cl ai el @em W16 D trhforaPad OF bigfer trdfsfbsn biklidwetond received

configured to analyze the resulting tinme-domain signal

Wrasonecatigmay tagensrase a second frequency-domain representation;

multiply the first and second frequency-domain representations together to
generate a resulting frequency-domain representation; and
perform an inverse Fourier transform on the resulting frequency-domain

representation to generate the resulting time-domain signal.

13. The ultrasonic flow meter as claimed in claim 12, wherein the controller
is further configured to analyze the resulting time-domain signal by locating a zero

crossing within the resulting time-domain signal.
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crossing within the resulting tinme-domain signal.

LLOYD WSE 31 14. The ultrasonic flow neter as LLOYD WISE
clainmed in claim13, wherein the controller is

further configured to set DC and Nyqui st-rate terns of

the resulting frequency- donBln representation to zero
prior to performng the inverse Fourier transformon

t he 14esultht RbrdsbMid RPEYe™P AR¢IRinednh eBanAt1a] ivbereirbthd Sontroller
The ultrasonic flow nmeter as clainmed in clajm13,
isfoetheri qonfigered 4o 5etdP¢ ard Nyguistateerms ofihe sesnlimefpquency-

det erm f

R RRR3E teR R APBARfe B d¥ioe [y Bifsfom on the
r@uftinlgsffeqhéxmysddmztihnm)reﬁentahenf| rst ultrasonic signal
between the first and second positions, determ ning a
second transit tine of the 10 second ul trasoni c signal

bet WETF” t N e SREABAicIRA fketes s HaFhdd iAREimaABI wherein the controller
cal culating the speed of propagation based upon the
if furtber configeesddn deterrams.atsp@¢ prepegationipEthg ey ang sespadn
PRl Sha RS RCG00 by RERHL IS, AP Hnd it SR G witliBnic
sfpnal BBtween thi €i&tiafd k&@nd Positiohd, deternlinirigsa oofd gausadlm@of the

calculate the rate of flow of tg fluid basegég %
serond irasepic et ytugenthy seeandan S‘mowoﬁm GAFY'8 Hﬂgt €
sgi%erdt@?o%gﬁﬁ&?&ﬁ%& uf)&piﬂe TRbtehd 3c ol MaREiftines Ghdh Hishiice

nprising:” atimng circuit, operatively
betwiehekk fist atbsecbnd positiahssdangrtbie lengthaf dhe cor2ipit.
transducers, to initiate transmssion of the first and
second ultrasonic signals after a determ ned del ay

rel atjigve tphedulfrRORICMGR nRY@ A clafifed ihtgaikl 19, aﬂﬁfﬁlﬁtﬂd @Wtroller
meter as clainmed in claim17, further conprising

i cenfigwrad tercalsiutatathe rate o8 Powsifike Redbagediynen e @qt?rétun%d
&;\g%gﬁc\é\e/l t%qﬁlgg eea%@ppogﬁgﬁlotnp 25 each of the first and

Niradonr ¢ ucers, to generate the first
and second ultrasonic signals and to provide t he

first and secqnd ultrasonic signal first and
second- ul t ThEYHRIONIG AN fifteE 28 CEH'P ‘fi”a‘ﬁ%‘ E(é iffther pgmprising:
The yf ﬁﬁlﬁ%cﬂ"ﬂcﬁltféﬂﬁtf%tﬁouﬁ%d% SHeTRS: 4nd setatidldSsonic
further conprising: 30°a receiver circuit, svvltchablz[t
cra

tcosdeetseth ingiatatrmsofissioreofithe Srst andisesendnlirasonie sigows @
C{ﬂ ansd(lz;lnc{sif1 cele £ tcheevfl rst and second
Yt Ei‘ﬁé(? AFFECERE de the first and

second received ultrasonic signals to the controller.
LLOYD WSE_ 32

18.  The ultrasonic flow meter as claimed in claim 17, further comprising:

a transmitter circuit, responsive to the timing circuit and switchably connected to
each of the first and second ultrasonic transducers, to generate the first and second

ultrasonic signals and to provide the first and second ultrasonic signals to the first and

second ultrasonic transducers for transmission.

19.  The ultrasonic flow meter as claimed in claim 18, further comprising:
a receiver circuit, switchably connected to each of the first and second ultrasonic
transducers, to receive the first and second ultrasonic signals and to provide the first and

second received ultrasonic signals to the controller.
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20. The ultrasonic flow neter as clainmed in claim19,
wherein the transmtter circuit includes: a storage
circuit to store digital representations of the first
ultrasonic signal and 5 the second ultrasonic signéﬂpYDVWSE
a digital to analog convert&?, electrically coupled to
the storage circuit, to convert the digital
representations of the first ultrasonic signal and the
second ultrasonic signal to anal og representations; a .
filt2dr, eleculraseni¢ flowangieras ofasmed i ¢lpigh ? §|W cgeig by gpsmitter
.converter, to filter the analog 10 representations;
CIEEHY 1gﬂ“§%| ifier, electrically coupled to the filter,
t 0 ag@bidgy clrbit fd dtbrerdigltad represgntatienpr afshn fiest hiragonipgigng and
provi de the filte[ed anal og representations to the
the iseapnd aEprseBIESHAMAL Ul t rasoni ¢ transducers for
trang g8l @hnalbg céfvertehlstlidaNyRBUSled totNe BRIrSfe At to
clainmed 1n claim20, wherein each of the fjrst %gﬂ :
camenriet digttalaspiesantatiops af theifivst wigrsenirrignal andsthg secopgiyltpsonic
.siﬂnal . 22, Thentlzﬂit rsasoni c flowneter as clained in
sighaltqp1aloe [GREFSENANMe control ler is configured to
cal culfipke eldagicaly eowfled toahe digithhe ahhlogdohested, tafidier theanalog
determ ned 20 difference, the speed of propagation,
reprRseRiaionssa0dect i onal area of the conduit. 23. The
ultr bf ’ itRE A1t N oCdnpimy Hee fiMdred endlo
t he g%%@ng%%?wkﬁgag%%?ﬁgﬁigémfgtcélcﬁﬁ%?g the rate ofg
rdpr@entafionshandftb pravidathe diliepdranaleg representatinagto the first and second
di fference, the speed.of propagation, a
ultrageuic FaRdUGHS FOTF RSP Phe conduit, and a specific
25 density of the fluid in the conduit. 24. The
ultrasonic flow neter as clainmed in claim12, further
conpli si nghe ulirasppic flpvemetenpy claigsdriaclais) AP, bafﬁrrb%iﬂcgefthe
the first P [ : to
L S M G
ultrasonic signals after a first 30 determ ned del ay
relative to a reference event., LLQYD

i y\’ SﬁS 3%19,25' T!%entroller
ul t r @3oni J}FI%WSR_EF rOvagIeEY &t fiatmng TR m 2, m‘h& A
i% Er;bg'lf%hfgdr{g cgﬁéhfa&l"ﬂhte rat@bf NWRT tHecmAAbhRA 1Pbn teddidritited

econ trasonic signals after a second

diftSérence, thedpeial efjpropdeationand @ cross-seesfoapkareeokihe gpnduit.
26. The ultrasonic flow nmeter as clainmed in claim12,
further conprising: a transmitter circuit to generate

t he fjsr st BRAIgARKIM Metgap chimedinalldmalt] wherein the controller

provide the first and second ult a,s%ni C, Si %nﬁllg to.th
i configuzaddtosalslage theirata 96 How of the fluid based upon the determine

difference, the speed of propagation, a cross-sectional area of the conduit, and a specific

density of the fluid in the conduit.

24.  The ultrasonic flow meter as claimed in claim 12, further comprising:
a timing circuit, operatively coupled to the first and second ultrasonic
transducers, to initiate transmission of the first and second ultrasonic signals after a first

determined delay relative to a reference event.
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transducers for transm ssion. 10 27. The ultrasonic
flow meter as claimed in claim26, further conprising:
a receiver circuit to receive the first and second

ultrasonic signals and to provide the first and LLOYD WISE

second received ultrasonic s3ygnals to the controller.
28. The ultrasonic flow neter as clained in claim 26,

wher €4 Nt fige LkARSHIE Hb® metdBasil4ifiel in tlaih 04 whersin the timing
storage circuit to store digital representations of

citduit ihitiates redeptiow ofithe fisstgndiscoond ultrasenis steaals afer # 86Rf ¢
d%éﬁﬁg%dadﬁ%}g{e%etfvaelto l'tﬁ)e r%ﬂ:?én%g e%}ﬂ.\/ert er, electricall y

ouf storage circui to convert the
digital representations of the first ultrasonic signa

and the second ultrasonic 20 signal to alo s

r epr é&ent Ab¢ BHEsOnfR ﬁoﬁ’rfn‘étﬁb?si cf“i“@%‘] 1’ F%H’P ??t%r COMPIISINg:
coupl, gdniitfeP&irGiGblg@herh@ (ROAIPEnERAYERT tiliasortiOsighalh afd/to
the anal og representations and to provide the anal og

provjpleahe fitshnnd second uttragorit signala teithe Jissicang segandadisasopic
transducers for transm ssion. 25 29. The ultrasonic
trﬁ@%ﬁp%fcgrtraggm&ﬁsgpned in claim12, wherein each of the

f:rst and second ultrasonic signals includes an
ultrasonic chirp signal. 30. The ultrasonic_.flow neter
as cP3i medhp mltesanimipy meiee peslaimeddn Glaim 2800 firther cqpprising:

sig nglreéef’veg icgi:&i’ta{ol MediVOIR§R5t%88 second ultrasonic signals and to provide

the first and second received ultrasonic signals to the controller.

28. The ultrasonic flow meter as claimed in claim 26, wherein the transmitter
circuit includes:

a storage circuit to store digital representations of the first ultrasonic signal and
the second ultrasonic signal;

a digital to analog converter, electrically coupled to the storage circuit, to
convert the digital representations of the first ultrasonic signal and the second ultrasonic
signal to analog representations; and

an amplifier, electrically coupled to the digital to analog converter, to amplify
the analog representations and to provide the analog representations to the first and

second ultrasonic transducers for transmission.

29. The ultrasonic flow meter as claimed in claim 12, wherein each of the

first and second ultrasonic signals includes an ultrasonic chirp signal.

30. The ultrasonic flow meter as claimed in claim 29, wherein the ultrasonic

chirp signal is digitally synthesized.



