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LOW PONER ULTRASONI C FLOW MEASUREMENT FI ELD OF THE
I NVENTI ON The present invention relates to a nethod of
wabkawasosns c fl ow neasurenent for neasuring a fPOWGBP@6M02902
of a fluidin a conduit, and to an ultrasonic fl ow
meter for nmeasuring a flow_speed of a fluid in a
condui t. BACKGROUND OF THE I NVENTI ON U trasonic flow
neters are well known and generally fall into two
cat egories, hane transit time ultrasonic flow neters
ond Boppl SO XTRR WETRASRN ot ERARIRENENT
illustrates the operation of a typical transit tine
ultrasonic flow neter for neasuring the flow of a
FIELDI OFt THBUgNVaBNpILpY 10. A direction of flow of the

uid is_sho by arrow X . _The trason flo er .
e EBgSaSREtE ShvEnERoonel P RanthuReREtastang Tyt asonic
flawtméagdréaeae extemeakusihbager16wobptBa BiEpe fQuidhen a
transducers 12 and 14 are placed on opposite sides of
copREipi pandota anstakeaspnagaftowwneRerhéori mepsuring a
£1b2850uache12 EDu3R YBSL! gBAuRosition and the second
transducer In a downstream position. To nake a
downstream f| ow neasurenent, a downstream ultrasonic

[ ' tte the upstream transducer 12
BAEkgEghNg bﬁ ﬁ;%”§ ,g&&? .unsduger 14 at an angle g to

theUmtf@gtha efioll ewrXres ArkrassitkhbwR bddf gentbg11ly
downstream signal Y to reach_the downstream transducer

faik igtaehyaredtegprrilesn| panedynhkanghtupsteendtrpeanic
a nt.,qa e n [ i's
e P e A b o Ao Siar s ¢ he
upsFiganmet Lan3duserat2sathanopagheiqgnt oft hetgpieeli bransit

tl%g Ehg%%éghié %i%@shét%% o%umgasugggg the flow of a fluid

ID

through a pipe 10. A direction of flow of the fluid is
shown by arrow X. The ultrasonic flow meter employs a pair
of ultrasonic transducers 12 and 14 attached to an external
surface 16 of the pipe 10. The transducers 12 and 14 are
placed on opposite sides of the pipe 10 a distance L apart,
with the first transducer 12 in an upstream position and the
second transducer 14 in a downstream position.

To make a downstream flow measurement, a downstream

ultrasonic signal Y is emitted from the upstream transducer

12 towards the downstream transducer 14 at an angle @ to the
direction of flow X. A transit time t4g for the downstream
signal Y to reach the downstream transducer 14 is measured.
Similarly, to make an upstream flow measurement, an
upstream ultrasonic gignal Z is emitted from the downstream
transducer 14 towards the upstream transducer 12 at an angle
0 to the direction of flow X. A transit time t, for the
upstream signal Z to reach the upstream transducer 12 is

measured.
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upstreamsignal Z to reach the upstreamtransducer 12
is nmeasured. The transit tinmes t u and t are given by:

WO 2002020378/ L- cos (2) where c is the speed of soRPETGBR006/002902
the fluid and v is the flow speed. A transit tine
difference Dt is then gipr%Qy: Usual |y the speed of
sound is nmuch | arger than the flow speed (i.e. v"c)

For exanple, pure water at 200C has a sound speed of

1482 ns 1 as,conpared to a_typical flow speed of 0.01

to ARfst¥ansthefef§Pe tuBydt Fof i Pidissr &¥mates t o

Dt ivlc-20s q ¢4) CV 2Af (5) 2lcos6> Furthernore, the

speed ofggeuﬁd—ﬁaé-be cal cul ated froman average of (1)

t he upstreafitaif®SHownstreamtransit tines tu and td

L C (7) Thus, gubstituting Equation (7) into Equation

(5 , the,#kﬁm#spged may be cal cul ated fromthe (2)

measured tr&nsi®sYinmes as follows: LAt , V'- : (8)
whé¢ase Ykt EHéOB%éefﬂ ew BBLARS inaPnhBeri JRPheARAt €dikNtne Flow

many ways. Most commonly they are used in industria
spappl.i cat toassihetémal tiefliateveendasisetkeh given by:

t echnol ogi es cannot_he used or where hi gh perfornance

i s requi ned., Howevet?’¢98€h industrial ul trasonic flow (5
neters are nbt ‘suictabfeofdr high vol une

Usually the speed of sound is much larger than the flow

speed (i.e. v<<c). For example, pure water at 20°C has a

1

sound speed of 1482 ms™™ as compared to a typical flow speed

of 0.01 to 4 ms™*. Therefore, Equation (4) approximates to:

Az‘zw (4)
c

. At
2LcosfO

Furthermore, the speed of sound may be calculated from an

(5)

average of the upstream and downstream transit times t, and

b+t Lc
w 2 ¢t =v?cos? @

o | b~

(6)
= cr— j (7)

Thus, substituting Equation (7) into Equation (5), the flow
speed may be calculated from the measured transit times as

follows:

LAt
VA ———
2t,, cos @

(8)

Ultrasonic flow meters can be implemented in many ways.
Most commonly they are used in industrial applications where
alternative measurement technologies cannot be used or where

high performance is required. However, such industrial
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production or consunmer markets due to their physica
constraints, power consunption or cost of manufacture.
wab@7oljsexct of this invention is to overcone tPET/GB2006/002902
constraints of industrial ultrasonic flow nmeters and
to provide a nethod and syg}en1of ultrasonic flow
nmeasurenent that can operate at | ow power. In
particular, it is desired to provide a system which
can operate froma battery for to 10 years_and_can
U1 BEARRAIFAEL AFeHOET PoRFBOBOT SURNARYEOFOY i SVERHER
préﬁﬁ@%@bﬂgokocénghﬁék ﬁé@ﬁ%EsoﬁuEhgopEﬁéggt hg%?@gﬂon’
there is provid a method of ultrasonic fFo
ConeaganeﬁéntpbwerneaaaumpglanfbmwcspEedfomaaufhatdrbn a

conduit,.th h risin ro
ultggsoﬁl gFOOE ggé 5:éLgﬁ‘g[?L ﬁPCPX%F88@§SBPe
conkeekinasdod padnsatlantuaa@as@n&eamidwCﬁéﬁe@aeéaaleo
to transn1t si.gnal.s through the fluid and_to receive
PTPKd FrQn?ﬁFFP@da§ggﬁ¥ﬁ§emsﬂﬁtEEFHQSPHéCuﬁ@PHs@ﬁﬁéuF?@ﬁﬁt
thHEt%EnfBngﬁt@aﬁﬁ'YSW %@R@rto EH EQEEYcﬁlékat§ta&st5g§1red
intervals nmeasured by the cloc amount  of
toupedvbylet hesybtemswhichf Ffew opeertenfrbm pabatﬂerytﬁbe up

bej.ng _lLess_than_an _amunt _of power used by the
tou??r§§85FcaP5 ﬁ?ﬁe?%rmﬁﬂuﬁﬁgtﬁfgﬁVQESESWe¥oﬁErforning
an ultrasoni c fl ow neasurenment cycle; and sw tching

he ultrasonic flow neter fromthe active state to the
SUMMARXVQFQEHEQINMENxﬁPNg conpl etion of an ultrasonic
f1 on-BBRaYhE MR aCYELEE é&?%&é' 88 Eﬁeaeégggﬂg 23D&ftion,
of the present |nvent|on ere I's pro
therer asonrovified memethddrofieadtraagnact Fbowspeadupémant
fluid in.a con rasoni ¢ .flow nmeter havin

th
ol et balar & Pk GHPER BFL Fagoitd Hhow conaulf) Efle

method comprising: providing an ultrasonic flow meter

comprising a microprocessor, a clock, and a pair of
ultrasonic transducers operable to transmit signals through
the fluid and to receive the transmitted signals; switching
the ultrasonic flow meter from a passive state to an active
state at time intervals measured by the clock, an amdunt of
power used by the ultrasonic flow meter in the passive state
being less than an amount of power used by the ultrasonic
flow meter in the active state; performing an ultrasonic
flow measurement cycle; and switching the ultrasonic flow
meter from the active state to the passive state following
completion of an ultrasonic flow measurement cycle.
According to a second aspect of the present invention,
there is provided an ultrasonic flow meter for measuring a
flow speed of a fluid in a conduit, the ultrasonic flow
meter having an active state in which ultrasonic flow
measurement cycles are performed and a passive state, the

ultrasonic flow meter comprising: a pair of ultrasonic
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nmeasur enent cycles are perforned and a passive state,

the ultrasonic flow neter conprising: a pair of
wa@kdaorasosng ct r ansducers operable to transmt siBOEGS2006/002902

through the fluid and to receive the transmtted

signals, the ultrasonic transducers being operable in

the active state of the Ul frasonic flow neter and

i noperabl e in the passive state; a clock operable in

both the active and passive states of the ultrasonic
trangiiaierorerl e ve o vtds SHroTshlet dteough siipe dhluid

[ I c assi
and 0 FedEER, She fbh Y cdd MBI SO RS A S
traxlablkgertd éoend o oppearcasikorid whdexctera gstoper abf echieo
switch the ultrasonic flow neter. fromthe active state

ULIHTRSHE Dass?V St Et 2101 FER TS Rttidh RSSve state; a

clabi rasomiis1 & | o pEas WiedBd t GHE | £1d A DN s L LOVBF the
used by the ultrasonic flow nmeter in the passive state

ul yeasrpiestl ehane b ansihta It PARTOIRTIPT rPRIERES it
switdl &hd qué%‘&;?{l% PFW mdbEN £ Ot p&?é”fﬁ%s\jvsﬁrﬁé{h%de to

and appar at us ow power trasonic
thereasuirenesitavdi ath ehadb| estarvwsles nensletead neclee fdloock,

speed and direction of a fluid in a.conduit, and t
e IR T St S oL O it 19U 9PeL s LR S 1ty srarihe
ultHFa el PefiOfsméfed £asm flow Jeliffe dStHideaidDige ddesive
present invention enables statistical analysis to

statprigviel At aeymrhelt et foF mihdel tearPpko Vi e measurement

] Cecti on . . | scosity
oy SR ialet (SF Al et I Ehe SO S 0R0 Yoot
in etted | @ss fivonat 4 ce Sedfndg esddangelodn tdre arhduras oni codwaamy used
. ter, as well as automatic calibration, self checking
lnzghF(ﬁﬁ§¥ﬂﬁi%ﬁF?%r drift in circuit conponents. Cther

prefiaig ed heabHE8Sn OF 1 AR 1 &8 Gt o TWEANTd AR BSd and
apparatus for low power ultrasonic flow measurement which
enables a user to determine a flow speed and direction of a
fluid in a conduit, and to determine periods of gas flow in
a liquid flow meter or wet periods in a gas flow meter.
Furthermore, the present invention enables statistical
analysis to improve accuracy and performance, and provides
continuous correction for changes in fluid viscosity and
temperature. Furthermore, the present invention enables
automatic self-testing of the ultrasonic flow meter, as well
as automatic calibration, self checking and correction for
drift in circuit components.

Other preferred features of the present invention are

set out in the appended claims.
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set out in the appended clains . BRI EF DESCRI PTI ON OF

THE DRAW NGS An enbodi nent of the present invention
wowdoz/oms? be descri bed by way of exanpl e with PEF/eBei06602902

to the acconpanying drawi ngs in which: Figure 1

illustrates the operation of a typical transit tine

ultrasonic flow neter fof Treasuri ng the flow of a

fluid through a pipe; Figure 2 is a schematic

representation of an ultrasonic flow neter according

BRIEF &ESERIGIINGENOFOfTHENDRMESEH® i nvention; Figure 3
shqows the t.i m ngs .of .part o n. I i ¢ .f4l10
o alS AR BB i gl (ARG S Yo e

deddansd edanda eseinsice siignalrefasameld tas e out put
signal from a phase conparator. DETAILED DESCRI PTI ON
acqmMpA TYRSE A IMASOE Ve i igure 2 is a schematic
r eps; tis t |- 4 ; a1
o R e P A T ¥ Bhical pransic
t ivEher Il tarszsati o fdvwownatstie rf 20 measund ngs édvef drlawasfura rguid
chid flowrate of a fluid in a conduit. The ultrasonic
YR BP0 conprises a | ow power microprocessor 22
whirgiiyias cand i eydiadmad o€ keePresHit dtitort el 20l adkcrasonic
circuit uses an external |qw frequenc rystal
floysaratest Gear Bidirte Arumhadingrdr af fdsmpesent

indaPeAture, a 32kHz watch crystal is typically used.
llPlln alternative enbodi nents, the clock 24 need not be

i ntRirqate t30 stwvari o priotessoref Teertulal agoniltfasppic
nmeter further co rises(fl fast clock 26, a clock
e

L1l WRRU S ShAS sHi%Y er 30, an array of ultrasonic
y
t r ansfluesy 1a34nd@ gatghow transmitted and received signals

as well as an output signal from a phase comparator.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Figure 2 is a schematic representation of an ultrasonic
flow meter 20 according to an embodiment of the present
invention. The ultrasonic flow meter 20 may be used for
measuring a flow rate of a fluid in a conduit.

The ultrasonic flow meter 20 comprises a low power
microprocessor 22 which has an internal clock 24. The
internal clock circuit uses an external low frequency
crystal oscillator to ensure stability over time and
temperature, a 32kHz watch crystal is typically used. In
alternative embodiments, the clock 24 need not be internal
to the microprocessor. The ultrasonic flow meter further
comprises a fast clock 26, a clock divider 28, a phase
shifter 30, an array of ultrasonic transducers 32, a gate
34, an amplifier 36, a comparator 37, a counter 38, a phase
comparator 40, a current source 42, a capacitor 44, and a

reading device 46. The microprocessor 22 is the heart of



10

15

20

25

30

34, an anplifier 36, a conparator 37, a counter 38, a
phase conparator 40, a current source 42, a capacitor
wdadag07med78 readi ng device 46. The m cr opr ocessPCT/&B2008/002902

the heart ofthe systemand controls the timng of al

the various steps in the ultrasoni c nmeasurenent

process. The nicroproceséo? 22 is therefore directly

or indirectly connected to all of the ultrasonic flow

net er conponents nenti oned above. The array of

theylsystsoniand contdisder $182 Hisming afged ladhen i S giteps

. r.t such. that. trans ' ra - ]

in e Pt o IR b B | S A AR do

22 signalerefbre atiray-t33, canpiridieseatl  essinaarneedaiao afl of
ul t.rasoni c, transducers, each pair to%1 ormng a

et her
the adde@saret ¢ idmmne e (H tsiMERtERNSS AR}V each

tr ansduseray it he PaldodBY d-oatidrad 3 ansdranged as
ul trasonic “signals. However, it is also envisaged that

in separktieon rats dwdt Shay Wenduakad iortheharray 32 can

crf AT LLLNG AT SEEI VG FUNG LRS- A% iV L Pr O
ar%, a transducer palr nay be affixed on opposite

traidieisc fd aniopler nal Tisurdmaesy (2 tdvwenproedis tat iddstonme
transducer in an upstream gositi n and one transducer,

Padith f doMintITUR FoAIIBH TS EE T SOt Feddiid e 2

re JUMNSIFLAM 4] AN de o | MEIBASHRIBAL S Md e} @ éach
f1ow speed of the fluid in the conduit to be .
traydutert et thre rriaynay rgqeiasprand thrantitide rsl R griyic

. be connected to t.he nmc¢ o) S 3 i
Sigii ]tcsl pl :};%“fevt'enra’t r Ilgg vvsgfa)\%%/ ?%Sglnsga{(ﬁjec% rt agc gsee%aornante%t ed
tridmsdudd BNy tey mfov el Visr ciles W faradmisgtyi g nend n

any conbination. In use, the ultrasonic flow neter 20

redakving ORIy stAl e Wi REiVe ittt & i AT Erer pair

may| b AsOM Ced | IB 4 &Y O B R S REFHON TR R of
a passive state. "The ultrasonic

the conduit, with one transducer in an upstream position and
one transducer in a downstream position. Thus, a pair of
upstream and downstream transit time measurements will
enable a flow speed of the fluid in the conduit to be
calculated. The array of ultrasonic transducers 32 may be
connected to the microprocessor 32 via a multiplexer that
allows any transducer to be connected to a transmitter or
receiver circuit at any time in any combination.

In use, the ultrasonic flow meter 20 has two operating
states: an active state in which ultrasonic flow measurement
cycles are performed, and a passive state. The ultrasonic
flow meter uses very little power in the passive state such
that an amount of power used by the ultrasonic flow meter in
the passive state is less than an amount of power used in
the active state. Preferably, an amount of power used by
the ultrasonic flow meter in the passive state is at least

one order of magnitude less than an amount of power used in
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flow meter uses very little power in the passive state
such that an anount of power used by the ultrasonic
wo b@wonsrer in the passive state is | ess than BOT/GBRWG002902
of power used in the active state. Preferably, an
anmount of power used by the ultrasonic flow nmeter in
the passive state is at Feisf one order of nagnitude
| ess than an anount of power used inthe active state.
More preferably, an anmount of power used by the
the|a¢semi 2Edtow Miees preieralphssi ¥/ FrQRt iqf &#oveastsed

by e %P@f%s&ﬁiémﬂi‘é& Uple: 4 £5 tﬁ?é‘e@ée‘srgﬁé‘”été‘ée PPYVEL £

used in the active state. re pr , an anount
leadt poveroudeds byf tihegnd tuds ohess f tloan net exméumit hef power
ssive state,is at | east _three order,s. of nagnitude
uSEEeEn  HaT AR ATRURTRET . polRTS JETETTPRHY | TR e
poWdF @sd@) 8y tie Oflthgsdhie, F1he mbtsasDni €hd | puedBi€rstate
20 is in the passive state in which various conmponents

18 (3hcl e hgtihfes fesdeEs ek DRINHEAS f1@9S Je1ammy tHgount of
po&gﬁdﬁ Q?dFM'EE%4§étP@¥%sQ§§Q,d'sab|ed by a disable

sl gha romt m croprocessor 22 . These various
conponent saioel py eferighd yt thos erhs ucht tdstnideflov aneter
very,little current when disabled. The internal clgck
20 28 riMst AT BRETEYT ot Povet i TPHOE bV FheC At L F OB ARG LS
(iREBed Ve Sthéepaof dhechl 6 ,aSéi-ﬁﬁi)IIifi@iN 78} eindOchdMreading
time intervals Tl, the internal clock 24 sends an

devieertebthavgnaeer cdisrbled riopracessdploosigmpyl from the

_ L o it . . . 1
R Sess o o T n e e Dol e et ey
ch@@e ronch hehpasshee dtaw eveény t hietabe | versdat ewhen

LB sl 1LESIE H QU PEMAPHL SVELE ) ASouer in
both the active and passive states of the ultrasonic flow
meter 20.

At time intervals T1, the internal clock 24 sends an
interrupt signal to the microprocessor 22. On receiving the
interrupt signal at time t;, the microprocessor 22 switches
the ultrasonic flow meter 20 from the passive state to the
active state to perform an ultrasonic flow measurement
cycle.

As shown in Figure 3, at the start of the ultrasonic
flow measurement cycle, the microprocessor 22 gends an
enable signal S1 to the fast clock 26 at time t;. On
receiving the enable signal S1 at time t;, the fast clock 26
starts to output a fast clock signal S2 having a frequency
and period of the fast clock 26. The frequency of the fast
clock 26 is higher than a resonant frequency of the
transducers in the array 32.

There is then a stabilisation delay T2 to allow the

microprocessor 22 and the fast clock 26 to stabilise.
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fl ow nmeasurenent cycle, the m croprocessor 22 sends an
enable signal SI to the fast clock 26 at tinet . On

WO e@eioni3mg) t he enable signal | at tinme tl the PEBGB2006/002902
clock 26 starts to output a fast clock signal S2
havi ng a frequency and perjiod of the fast clock 26.
The frequency of the fast Clock 26 is hi gher than a
resonant frequency of the transducers in the array 32.

There is then a stabilisation delrg%; T2 to allow the
Prefiqstadphibe desriborepipersdmR2 At klys fst clock 26

il r Y, t NG T APrQGesSar
st aﬁ;?“%:l oc‘k 2@1‘%{12{?{% }fsn’ F@%ls@kfhl% 10 s , %\ﬁ%%%&% than
a tonistaderabrstd hsderillerna dygricalp eisial oS ddtwatar 100

start.- erj od of bet n 100 ns and .10 s After the
ms ﬁréf{)ijiqugsafi I ‘b%lfagﬁerzs\f&l RSP (5% rTon Yids a
mi&tSMo S e 53 sétked bedhesfpdl cdpck Zed N, the

clear signal S3 has a nunber of effects at tinme t2.
fagh rskagk 2the Ml opreRiessigmal et Mgy mlnwersel ehrrts
atarlcitrﬁ%:aée.s the clock divider 28 at tinme t2 . Thus, the
cl'ock di'vider 28 starts to obtain an input signal S2
f r dhizdiel f asthe | ntkrAfrateddur fastarc|oioknd) efiernsyets and

The clock divider 28 acts to divide down e | nput
acrsji‘@an%efss eascjt%%t%r‘fl eorrﬁ'%\ﬁdrdetjd“ediﬁq't all Py p (e clock
dividnaly Shwdrtdecd | oweddn rasonaiic fdaguency2 of rdheche fast

transducers in the array 32 . econdl%/, t he

clogk rdpraf eslbor Lasearl ety nfireseneset sThmdceek vditeder 28
e = | .
R Nt i

prandid he digprhl sognaht Siaqial hed dwockhai V1ldesr)28résonant
assed th 30 to the transducer

£S5t SHR o TRREUICE off 1105 S5676, 59t w11 be

apELLhMBH, tHRd microprocessor clear signal S3 resets and
activates the phase shifter 30 at time t,. In particular,
the phase shift of the phase shifter 30 is set to zero, and
the output signal 5S4 of the clock divider 28 is passed
through the phase shifter 30 to the transducer array 32.
Since the phase shift is zero, it will be appreciated that
the phase shifter 30 is only optional at this stage.
Instead, at time t,, the output signal S4 of the clock
divider 28 could be passed directly to the transducer array
32.

Thirdly, at time t;, the microprocessor 22 enables a
transmitting transducer in the array 32 to transmit the
gsignal S4 received from the phase shifter 30 to its
corresponding receiving transducer. The gignal S4 is
transmitted at the transducer frequency. Optionally,
multiple pairs of transducers may be in use depending on the

application. Thus, the transmitted signal S4 may be
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the phase shifter 30 is only optional at this stage.

Instead, at tinme t2, the output signal S4 of the clock
waolawrdz3728 coul d be passed directly to the trBOBEGBE@G6/002902

array 32. Thirdly, at time t2, the m croprocessor 22

enables a transmtting transducer in the array 32 to

transmit the signal S4 réecéived fromthe phase shifter

30 to its corresponding receiving transducer. The

.signal $4 js transmtted at the transducer frequency.
Sl@h??%ﬂ%??%?ynE??P%WétEE@r§Y0m0¥?aE%%%c%?% hRgREBLFRINg

triggadependi ngone éﬁgi§88£igﬁéi°n- Thus, the
I may

LN
transmtted signha esl nul taneously transmtted
by Fbnaliyantbaenicaopnbtesnagrtchasdustgnah 3neesets and

applications.. Finall he nmjcroprocessor_.cl ear,.si gna
st 8085 680 S b0 b B ko L E R 58 1B e Wlinter
3gCcount186kedl bietkeunbet 38Bokk géocked by the fast

clock 26. At tinme t3, the mcroprocessor_ 22 sends a
si ghtl tiBet he (T IhREEPERIR[FD2 320 F8GH matslgnal to the

trbh8RSALESL PR PT 35 e SEQP&Ené%ebﬂr£H§m££€§éH1ﬁ%iEﬂe signal
transducer. us, the transmtted signal S4 has a
S4fbyi tee duranswht T8ngi veanbguddrt 3-TRus Thehéi nraesmitted

.duratijon T3 is_calcul ated by t n Ccroprocessor such
=LGHAE P2 pdd shor bR CEnBHERC PRI M T RcPea e BRste | The
fihioe @hirdbeosi gralsfeamrtbetédapgnihéi MfctopREdEsehrt Such

the receiving transducer. Shortly before the '
Ehefahsnift BACEEgRarheR AsMinEmey a¥peecdtt¥pesit time of

thb €S 8ENA DO EEANSHUCE L REREE: PAG 1 DL F850E68E £LULHeSPUPL: ving
: 0y g

speed expected, the mcropr ssor 22 sends a slgha
tr&6sdaecehe transducer array 32 to activate the

recelylpg, 11 aRsduceh, ShaNgh: 805 3Lu] t BReoUshy oD
arrive at the receiving transducer based on the fastest
fluid sound speed expected, the microprocessor 22 sends a
signal S6 to the transducer array 32 to activate the
receiving transducer. Signal S6 ig simultaneously sent from
the microprocessor 22 to the amplifier 36 in order to
activate the amplifier 36 at this time.

The received signal S7 is made up of an initial part
comprising spurious signals S8 and a later part comprising a
received version S9 of the transmitted signal S4 at the
transducer frequency. The received signal S7 is passed to
an amplifier 36. The amplifier 36 includes a filter (not
shown) which allows only signals at the transducer frequency
to pass. This filtered signal is then amplified by the
amplifier 36 to produce an amplified signal. The amplifier
36 is designed to operate over a wide range of signal levels
while preserving the correct phase and frequency of the

incoming signal S9.
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the m croprocessor 22 to the anplifier 36 in order to

activate the anplifier 36 at this tinme. The received
wWGe@ake3& is made up of an initial part conprPEI/G6$2006/002902

spurious signals S8 and a later part conprising a

recei ved version S9 of the hransnitted signal $S4 at

the transducer frequency. THe recei ved signal S7 is

passed to an anplifier 36. The anplifier 36 includes a

filter (not shown) which allows onl gnals at the

t r aRBGuEBHTLPEEUEREYPALE FHs3TeTAHS ¥PIP@W@Hl§BgHQIth§

reEg§9e§”Ethhed ?Me&ﬁfo?gplhp Sngg £S Eﬂngeaﬁgospurlous

fied signa e anplifier eS|gne
Slgpeﬂat§8ov9hearapdévedngegnhlsngnghsbedethrmbghea gate 34
reserving the correct phase and.frequ
2t PR RN RO ASraSEhEShaRL AR, B8 rERbT 265, tne Haber 34
acagmae1agsw@tbhebyeggnmgracbampleTEaeeﬁgreunbelahdeb to
renove the spurious signals e received signal is
PrﬁH@@EdSﬂﬁpééﬁhearéﬁténsﬂhﬁfFéPeBEFﬁg pussedframotighogering

a Fnassmlnb&ter %ﬁusThﬁngé&etﬁé achsr8% 8eSphkch by

using a sinple gating function to prevent signals
migappyorasthe EécethengatycBe finbibtitEgykei hgiaial part of
measur ene nder tgﬁgcontro

f h
enfPBRUCERRH. £4on8D synasha: BRegTihL: SUthiE Py Epg gate 3

1spa&mpm§ theamptefved $eghabnSof, sagdal hgosiignal revtpytq
y .the %ate 34 is sinply an a I|f|ed versi on of
Ve§?§ﬁ§l° otpenerpeeeivegdyveigrsh &#)the transnitted

si gpak piifﬁg egQEQh'ghgﬂagagﬁg §bg§§kt3ég%bgdngﬁkough a

passed t hrough a Tonpar at 37 to produce
cowppyROPrSBI7 b phedaqplafdeglsa@naérshﬁh Fhe dfgthal

arpbPR3kachhaht; B8, TrBerHIBg ot plaiR, 83108571080
nuiBer of ways, as described below.

Firstly, the digital signal S11 is used to stop the
counter 38. In particular, the first edge (rising or
falling) of the digital signal S11 stops the counter 38 at
time tys. Thus, the counter 38 provides a measurement of the
transit time of the transmitted signal S4 between the
transmitting and receiving transducers. Since the counter
38 is clocked by the fast clock 26, the counter 38 measures
the transit time to the nearest fast clock period. The
measured transit time T4 is given by T4=t,-t,.

In addition, the digital signal S11 is used as one of
the inputs into the phase comparator 40. The other input
into the phase comparator 40 is a non-terminated reference
version of the digital transmitted signal S4. As shown in
Figure 4, the phase comparator 40 acts to compare the phases
of the two input signals S4 and S11 so as to provide a

pulsing output signal Si12.
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counter 38. In particular, the first edge (rising or

falling) of the digital signal SIl stops the counter
wQ@0am2@37sre t4 . Thus, the counter 38 provi desP@r/GB2006/002902

measurenent of the transit tinme of the transmtted

signal S4 between the trani¥1tting and receiving

transducers. Since the counter 38 is clocked by the

fast clock 26, the counter 38 neasures the transit

time to the nearest fast clock period. The neasured

t r aHePKLIRENBLTELPYrgi denabyhaget difPerengehatveen, the

traﬂsmgtgéaahnalgeeél§%a é?gﬁgngﬁé ggﬁgeﬁvgmgtgmagis%ﬂe

into e phase conpar at or
Flghase4aonpadaﬂsrlaﬂgés annEhgurermbnat@Herpﬁkséngeoutput

. i f.the digital t ted, si | sS4 S ..
*1 48 StA FiPeoa’n Fhahast Conbhrarononcehors glottal
trenspateetingiphasess of ahBersWosi BAUL §hgﬁ]ﬁgi8§4f§mgl%l edge

so as _to EFOVIde a_ pul si ng out put signal Looki n
of athej giipécal, (Eeﬁﬁégédbl$¥@$@%c€1%etméeﬁuiﬁ@ wideh wof

thérﬁﬁ§glhgegu959trEEgh%fds§299Q£ EESlﬁeagbé¥ﬁ gﬁrﬁ#En the

I n Figur and arger In Frgure
ph@aepdifgegaabeSbétwesnstbe digisahgtoangaittad eﬁgﬂabf54
he |ta nsn1tte naI and aIIs on
angt Enfodubikat| TRECEyeohr s PRtk GHeal Frate; vog)bulse
wigt@nal 1Sl kmaf\ipul 58 Mi@&fem49faﬁaelﬁﬂbéfngnoﬁiﬁﬁke 4b.
signal S12 varies in dependence upon the phase
di f fer @npecherrednchedHngnt alnet anbavRt &0 Bignae 44, the

pufgﬁn%hsl hgntgk (fgfeé 9}s§' f@%a%%*icTPfgw &gssﬁyéasnt

S sma gure a and T arger
isdbredned basééroadtbabndsnngte@ges eﬁomhelslghghses4 and

2o DbhRRTSESL 0B B2 Sl lbbst pligeaonic on o
pul8engi §0ghs1Sd12ands Stteadd bAg8s bATthberdeXing edges of
thglé{ggg?gcsglgx&ng?iurqgﬁgé aégﬁoach of using alternate
rising and falling edges allows the cancellation of effects
caused by any slight changes in the shape, quality or
frequency of the received signal S9, whereas there is the
possibility of an offset error if only one edge is used.

The pulsing signal S12 is used to gate the current
source 42 which provides a constant current with which to
charge the capacitor 44. As the capacitor 44 is charged, a
voltage S13 builds up on the capacitor 44. The voltage S13
is related to the phase difference between the two signals
S4 and S11.

At time ts, the microprocessor 22 deactivates the
transducers in the array 32. Similarly, all of the other
components (except the internal clock 24, the capacitor 44
and the reading device 46) are deactivated by the

microprocessor 22 at this time.
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pul sing signal S12 is created based on the falling
edges of the signals S4 and SII. This approach of
wa@ i@t ernate rising and falling edges al | omsT/GB2006/002902
cancel l ati on of effects caused by any slight changes
in the shape, quality or frequency of the received
signal S9 , whereas there }% 1the possibility of an
of fset error if only one edge is used. The pul sing
signal S12 is used to gate the current source 42 which
pr odfees Bheomspanitetrfentani Ehnibied cbarasnge the
: I - c Cj . j rged
i G ABBE a0k 4P e RrhOe CBRETLIQ0IAG, a8y 08 8Tk read the
voVohtage TA8 rsadeéhgt ddvicet he phpsiee dahf enehogubetaeen
.the two signals and SI|. At tine t5,_the . :
GiGh 7 by OREELEPE 2 FARERCETTA B8 7 het TPhhstCer sTRAS 1Bkves 2
vedy RYgR2re SbMit 8bhYmeabhrShehheo Pt BBE ¢81PAJEN Ghich is
(except the internal clock 24, the capacitor 44 and

reipecd eb@i gedebpree d6ffarendeactivated by the
m Cf?%&fﬁég?gﬁﬁﬁr%é@i{lﬁ eﬁﬁQ@e%ﬂfEttﬂgaQQP&%BQr 44

has finis g ng, m Croprocessor InsStructs
tetheigeaddagcditbedealibvep swackthe pbhtagehiFhecarade ng

. device 46 be . an al ogue-todigital converter (ADC

indPH0SE 08 28T prri ADtha pibs 1ol D otpSRRuRELEn L85

g4l esphysi ORc PRapHEBEEEhi P 186 NOLb@E8ed By CA pBase shifter
related to the phase difference. To further inprove

(npheshpuse baferenthsurtaremiteednsieatieSér ipetiedbbnes the
e i ft n, I gl ] L. ng .

ool A PRESE, 20111 RETLAR,| P el DY, B0 LRALASRALE: <

toshofithig adfusduckd byaae phiaset shiuthethfdnothshewhy a phase

before the transmtted signal S4 is fed into the phase
shgbipaf atppragimahely de@0ofal Here ey phesee sHig tohase

difference is zero. This means that, at zero flow, the
measured voltage is approximately in the centre of the
voltage range that could be produced by charging the
capacitor. As the flow increases, the voltage obtained in
one flow direction will increase, and the voltage obtained
in the other flow direction will decrease by roughly the
same amount. Based on the expected flow rates, the system

is designed such that the phase difference measurements stay

away from 0° and 360° to avoid wrap-around problems.

Once the voltage has been read, the capacitor 44 is
discharged at time ts;. The reading device 46 is also shut
down at this time. All of the other components (except the
micfoprocessor 22 and the internal clock 24) have been shut
down previously. The microprocessor continues to operate
for a short period to carry out mathematical functions using
the measured values. 1In particular, the voltage measurement

and the counter transit time measurement are then combined
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to roughly adjust the phase shift such that there is a
phase shift of approximately 180 at zero fl ow where
wo b@7pbese difference is zero. This nmeans that PCEHGB2@6002902
flow, the nmeasured voltage is approxinmately in the
centre of the voltage ragg§3tbat coul d be produced by
charging the capacitor. A S the flow increases, the
vol tage obtained in one flow direction will increase,
and the voltage obtained in the other flow direction
LonBEVedBcFeR8edFFUFBtEhMEeFHECTSRE QhnhhRe. SBS8ad SranRét
tigxpected flow rates, the systemis designed such that
the phase di fference neasurenents stay away from O and
360 Thd savomglatep- eneungapguobhens. CHowevke,valkt dgecribed
. h been.read, .the capacitor.44 is_discharged at tine
iny §BeTRECKARAIRG Hevret a6ors 6FE5 R Honn BEapHrgmente

(ahl IPstAebmofmebbarembet eeapanaBivaste¥efPinebB@rement) is
m croprocessor 22 and the_internal clock 24) have been

regRdtedo PREGIFBAHSRY EhThéE LRMCFBBREeesEBEUEENBI ABdY BhOWS
th%p%E§%% E@ésﬁr@&@ﬁ& EﬁrboggggvgﬁrEXaQFEeﬁEBEEthﬁgagver,

unctions using the neasu alues. I'n particular,
itt wé lvobeageprmeasatenehhaantheheecoundt meatnarsientt cap be
asurenent are en_conbi nedt o gi ve. a re accurate
e a%ﬁrSﬁgﬁ%a8¥lFEEYsFéﬁaFaFFawthWﬁgﬁetggTﬁﬁgeIVlng and
treasplieteagoneanBaayeeselvappeweyebunas described in
t he_background section, at [east a Ealr.of_ .
meafUFERERTST BanaufdRBe gni'ARESLEEABRt PAAY ASdumAdkedsnto

giPRagHr 8RBALLtES-EEAYLT B Eesdgﬁﬁ(”iﬁﬁnégﬁeEEQM/%nggh rt
Figure 3 only sﬁoms the first nmeasurengnt in & pair of
sampasutemenasd EbeepeesentewpE| pbetappeschatiddrt hatr bhbbles

1o SRR AR ST R0, BEARE - DSk Bk ke
mehbansfuaeEsSisWepgatragoifdorder to filter, correct and
damp the results to give accuracy and a usable output.
Typically a measurement will be averaged with previous ones
to damp out changes. 1In addition, a measurement that
differs significantly from those around it will be rejected,
as will a measurement where the received signal differs in
timing or amplitude from those around it. 1In practise this
results in a very stable average even when the inpuf
conditions are not ideal.

Once the required readings have been taken and the
microprocessor has performed the required mathematical
functions, an ultrasonic flow measurement cycle is complete.
Therefore, the microprocessor 20 switches the ultrasonic
flow meter 20 from the active state to the low power passive
state.

Preferably, a period of time T6 taken to complete an
ultrasonic flow measurement cycle is less than half of the

time interval T1. Therefore, the ultrasonic flow meter is
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Furthernore, a single neasurenent pair is unlikely to

give an accurate result on its own. In general, the
wa@bari2saspl e time and the presence of parti cl BGT/&BAI06/002902

air bubbles in the fluid nean that a statistica

hi story of previous nmeasurenents is required in order

to filter, correct and danp*the results to gi ve

accuracy and a usable output. Typically a nmeasurenent
. Will be averaged with previous ones to danp out
inckBRgESLiVA ﬁgaF?iSﬁF egeashprenbal It pat thef Fémg, and

thé&g@bﬁ%C@@%@g ﬁégg1%?9§ ;around it will be rejected,

as w a measur ene ere the received signa
di f Peegeirabiym heor intpkivald&if ienlebssehanoandekpected
.In practi.se this results in a very stable_average ev
e iR adke PPRotc *LoRGT LPORG ARERHBt (PaF CleHcEarhe  Thus,
theequki-adoneadEngs haverbeengtakanappdrthely continuous
m croprocessor has perforneg the required mat hemati cal

OPEHAELEPBRs, an ultrasonic flow measurement cycle is
conpl-gkgspher efLe otk Ler CesSs '
CheCul tERaonTe FlowPReras 36 Frnm (o asery 5o aiERese an
ultiesbowcpbhew passiuvemsthit eycPeefierhbtyeen pboiind20fus and

ime T6.taken to c Lete an.ultrasonic flow
20k I8 Fo e Oyt P L EL e P Run: huPR CBr Sp e8P Rfpl me and
100nkerval TlI. Therefore, the ultrasonic flow neter isin
the_active state for |less than half of the tine, and
t hetBf Brefarans peRadpBaBES  PEREeEaBryintaEvaht 8lvas 2.5,

7.8 h§ Lesgothan ap tegdy
signi ficant cﬁangeoﬁﬁpgﬁé %%%%?§§?2§8T%%g?g?h@ay be used
dependasgnpn thewdeeireed28vgrags pppareadbhyumphtbnuofisthe

ulggﬁégé%gng%g@e&g{gglgo.the period of tinme T6 taken to

The timings described in this embodiment are typical
for a system using 2 MHz transducers across 50 mm of water.
However, it will be appreciated that this embodiment is
purely illustrative and the timings and digital logic
functions may be easily adjusted to any frequency or pipe
size and fluid type required.

Preferably, the amount of power used by the ultrasonic
flow meter in the passive state is at least a hundred times
smaller than the amount of power used in the active state.
More preferably, the amount of power used by the ultrasonic
flow meter in the passive state is less than about 100 uwW
and the amount of power used in the active state is between
about 10 mW and 100 mW.

In a preferred embodiment of the ultrasonic flow meter

20, an average current consumption of 60 pA or less is
possible, giving 10 years operation from a typical Lithium C

cell. For example, for an ultrasonic flow meter 20 having a

interval T1 of 30 ms and a measurement period T6 of 65 pg,
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ultrasoni c fl ow neasurenent cycle is between about 20
nmse and 200 ms and the time Tl interval is between
w@bwaw2@7ss and 100 ns . In preferred enbodi nePCEHGBRIVE/002902

time interval | is 2.5, 7.5, 15 or 30 ns. However,
alternative values may be used depending on the
desi red average power con ition of the ultrasonic

flow meter 20. The timngs described in this
enbodi nent are typical for a systemusing 2 Mz
with amssiugeis aerosst 5OF N2 ofd weait et es$Hothewing the wadsivee
appreciated that thjs odi nent | ur el : .
=t LSt r QT VBT BHEPTRES tf HTRGECERE 4 GFEdl =f sgperating
cufHaEt | §AS2 0eya beuLasd | Yhadhasi Rl s0aedYof Ierklentyrionic
pi pe size and fluid type required. Preferably, the

flawonetenf2povnen asedhdy diperatingsonrceht os n®d ertAin A
the passive state is at |least a hundred tines smaller
Eypheaml thet afotiht 1 PPPE? R etR T rPePETEY i LBt e.

More preferably, .the nt of, power used by the
teTﬁ??%@%ﬁ?cr?F%%/E@?%rﬁgﬁ%fhéﬁigssive state is |ess
t han about 100 nWand the anmount of power used in the

active state is between about 10 niWand 100 ni¥ In a
pr eker i ber 2AG0HE nehew Jretele atepBdbRd cte | I eraediment of

thé%&%&@%ﬁ%ﬁ@{%‘?@m Upt, 004 Of o 69?@%5%1% €85: | n
passI e, dgiving years oper at1on roma typl ca
ul ttraddonhe CEtew| medonrenanpl eyston Ehat] tbhasasdtfFiwow the

ter 20 having a interval Tl _of 30 ns, and a

SOLEURTF eRhEHEF T Dd Y IS 6BSHE T tH BLER af7RIS PF ent
terﬁﬁﬁeﬂ@tﬁfe@,r k65 5a A 4O G-d:HGe PSS SE VO St &8s OfeddBdless of
u

cultrasonic flow nmeter 20 and an operating curtent of
Pipe aivdurfoy eheldetrargstaf codpet Hbzed t regardess onf flow

ra@gfeéngoacﬁgsévgﬁfgﬁhﬁgé¥E%fr@bﬁf%éff§ éénéﬁéﬁqxe fﬁuids.

A number of application issues need to be addressed in
order to ensure continued accuracy of the ultrasonic flow
meter across the range of applications likely to be
encountered.

The first of these application issues is the ability to
correct for changes in process fluid, temperature or
viscosity. 1In practise, due to the transit time method
used, the only physical effect on the measured transit time
is due to changes in the sound speed of the fluid (which can
be affected by any of the previously mentioned physical
changes) . Therefore, the sound speed of the fluid may be
calculated by taking the average of at least one pair of
upstream and downstream timing measurements to remove the
effect due to flow as in Equation (7). Therefore, a flow
speed calculated according to Equation (8) is independent of

changes in process fluid, temperature and viscosity.
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typical neter will operate to 2% accuracy over a

tenperature range from QC to 85C. An ultrasonic fl ow
woredogf2@eceor di ng to an enbodi ment of the preseP€T/GB2006/002902

i nvention can be used as the basis for an ultrasonic

fl ow measur enment systen1thgg, by nodifying the

sof tware paraneters, can be used for a wi de range of

tenperatures, for a wide range of flow rates

regardl ess of pipe size, for a wde range_of pipe

si z8BOEBEAr 8PPId cat iPRowsSFHEerednlietc F8s EhanysauRbeEhe
caBhbc EBkcéhlangﬂguakhggmﬁhggggn £NuAReL ke gifference.

application 1ssues need to be addressed™in order to
Thensuréogurt crmpdnaotsr, asycbf ashehel trapsonicorf kaw mehebe

aﬁnos; t?e ran%etof agglications I'kilg to be
Pag L SHRPE €d SETRE VPt Cof PREBE Ap bR ERETGR | SEWRETREuTe
drifie ahdl bh¥nbQ canr eglekOkoCh2RgEALI BHREOGESEEh HEthe

tenperature or viscosity. In practise, due to the
mepEYKRETENE| KESHethodhasedtrarensal GlpKyseEar 8Pf &6t on

u t rangi.t 1,1 i t ang Lp:Lh

S ea ot “PnaCt Fird Lwhi Chesanche. af fackaaby=ahy
mode, t hbeppbeseushy firemt BOnéd phydi tal cehahgesyo. signals: a

her ef or the.sound speed of .the fluid b ,
=L GFEire: Eabaty LRrHg st REShy ardod BPade- FEALESOnuepgien of
thet vpstreaseandqgdamst raapet tWbNgigRASH 8FBNEEehOused as
renmove the effect due to flow as in Equation (7)

th?héPEPE?eFoatﬁﬁoﬁﬁ§6@eQoﬁﬁﬁéaFQFeéOaccéﬁdphbeFoWOde: a
Phgﬁg?%hgﬁtég)vé?s&gﬂeegngﬁgtrgEeggﬁgngrgﬂsﬁﬁFggassiﬁnal is

, tenperature and viscosit er ‘applrcatio
uspdsae theatresetivetiheigselof The phpaei tompd#atort he,

Cudete m.nation gf the phase difference.  The anal ogue
SoRBbnEHiE Saddn GEPPRALoApASi FOR AHSCLEH Bevice fe are
thear tkedl 86l mesenskt tve 81€98B0BENELEOLEHARECOr 44, from
wh&gﬂp$£a&grgossible to calculate a measured phase
difference. This measured phase difference may then be
compared with the actual known phase difference imposed by
the phase shifter 30. Any difference in the measured and
actual values of the phase difference may then be used to
correct for changes in the analogue circuit.

The ultrasonic flow meter 20 can operate a complete
self check by routing the transmitted signal directly to the
receiving transducer. This routing may be done, for
example, using the multiplexer. Using the analogue
component testing method described above, the ultrasonic
flow meter 20 is able to determine its own performance
without using the flowing fluid. In the event of drifts
from the expected results, a correction factor may be
applied. Preferably, in the event of drifts larger than a

specified acceptable level, the ultrasonic flow meter 20 can

inform a user and shut down to avoid incorrect measurements.
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drift and aging. In order to prevent this affecting
the neasurenent result, the ultrasonic flow neter 20
WO soopoefdes ably able to be run in a test node. POT/GBR®6/002902
test node, the phase shifter 30 is used to create two
signals: a reference tran n)'t_t ed signal and a
phase-shifted version of that reference signal. These
two signals are then used as the inputs to the phase
conmparatar 40, In. other words, a ase-_shifted
ver it e men D e Pt A PAES R A Srenof
gad hin receiged sigsl (od Nei phasei € UMM AL, CHir&idn a
source 42, capacjtor 44 and reading device 46 are then
capRedt e W I hes vrahgeanire it et edrviail st r om
' r S -
e S me T R S R R e qirins
trzoyparad. Widh tdesart tals kool eohaschali dferammeic flow
I mposed .by the se shifter 30. Any difference in the
meth%n]gstﬁar%&o%noc})ea@% F CITREEE (e t%‘fef f%fet'nt?:ee nay
reddpredasitped | ard) reEtt RO mERANERSs dp NNl SWe ow a
circuit. The ultrasonic flow neter 20 can operate a

pPre¢fftetiaact | Fhegrhal byt inrnpdete g nudeesiefhal
' o] r i Vi r . Thi '
meniSehetg 0 U [ Mol [ S Rt IR A T
incredsgle cUnponersultestimgpaortthabhveserided aipussridds of
att%rtlrats%gi c. flaw neter 20 is able to determne its own
pertormance Wthout using the flowing fluid. In the
evenit eindid? Sggloned hroexpanieddiesdd o &he fast clock
correction factor nay be applied. Preferably, in the

26 eveite dRsh ighack sHigeruithatbes spdast et awicem abl e
colfRlyd o (R OB Z0 61 & L0 e
acduwradher deptichitdadily sshe petfadmsriae tde yirioblemidflator
may be tested in a fast clock test step in which the counter
38 is used to measure the number of fast clock periods for a
specific number clock periods of the internal clock 24. Asg
mentioned previously, the internal clock circuit uses an
external low frequency crystal oscillator, such as a 32kHz
watch crystal, to ensure stability over time and
temperature. Deviations from the calibrated condition may
then be corrected for.

For improved accuracy, additional pairs of ultrasonic
transducers operable to transmit signals through the fluid
and to receive the transmitted signals may be provided. In
such an embodiment, multiple transducer pair measurements
can be processed and weighted to offer improved flow
information, or multiple transducer pairs can be operated at
different frequencies to give improved performance at lower
flows or improved ultrasonic transmission. A typical

example of this would be for an ultrasonic flow meter for
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gas inaliquid tube (or liquid in a gas tube) . In

such a case, the ultrasonic signal nay be attenuated
wovkioz®203v8 avel | ing fromthe transmitting transeOreB2606/002902

the receiving transducer. To |essen this problem the

ultrasonic flow meter may he operable to neasure an

anplitude of the received Signal, and, if the neasured

anplitude is below a predeterm ned threshold for a

redet ermi ned._nunher of neasuyrenents, then the |ength
BTG B FAED d8 Sk THe BeGobeus TS ines ters

lipusr t3aventibder 20g H@&bo%%rggbégge%ﬂﬁt%dl%?%@abperating
Yet another application issue relates to the fast

ragidsc i s2 g eapiaefadorc ngekteitriow usages waelras tf lotar Bineg more

e u n i me st abl. illator to_ensure

S%ﬁ%ﬂ% %ﬁ%daggguﬁgg;. 5%??%’%c%%%f’tﬁesﬁgrpgrﬁﬁﬁggdgFers

woflids bes ciskldator detiy rive niee sthed filowa £hast.ochook bESthe

3 st%%‘in whi ch tgﬁ counter 38 is uysed to neasure the
SRaTHER SARPESIIL otk SFEFPEdS oW iihs PeELeirc SRuRBEAVILY

whehoekepelbads sobel Be hbbebpaknel @ekes %edAi“aﬂggt.' oned
previously, the internal clock circuit uses an
external |ow frequency crystal oscillator, such as a

32k r I nsur.e st abi i over tine and

ten%%FQ?H%g.gtég%g F5%§ %p%§9gﬁgn aPFb&%?eaHXSHEFPPOEaS
bermy dekenibed¢oltettedof be. uhdersapoaVEHaBCEHEACYs by way
Ofadditi nal airsdof ultrasoni c transducers operable to

t FARYRIE SPy¥afBYt hPBGgKaFREUFI UPELAAEAEAORECBRAVe BN
cohtampmhttgd signals may be provided. In such an

enbodi ment, nultiple transducer pair measurenents can

be processed and weighted to 'offer inproved flow

information, or nultiple transducer pairs can be

oper ated at
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different frequencies to give inproved perfornmance at
| ower flows or inproved ultrasonic transm ssion. A
wao yproai37exanpl e of this would be for an ul t r aBONGB2006/002902
flow neter fornmeasuring the flowin a |arge bore where
daytine use is likely to be higher but nore vari abl e,
but a | ower operating rdhd@aié required for night tine
usage where flows are nore stable but very low In
this case, a set of transducers would be used to
CLAY2r mine the flow for 10-100% of the designed range
Wth a second set with better sensitivity when the
flow is below 10% of the expected range. Although a
1. pr ek emeigllo@ndd du herd s@ibi ¢ hEl owviesd suneharst bfen measuring a

described, it Ls 1o be understpod that this.is by wa)
ELoY RREHI OF dhl TEHY Thet VORTGHS” ok (TG SrOTRg: Bing

conb sl aleg alldfl Musodic FLORIMOPfcothbFAsORd Caf | oW

_measurenent for neasuring a flow speed of a flurd in a
NiGERRIEPES SRR, net BrRCleonprd st nggiprob i Wl wepsenic

L C t | 5L NG ] Cr S :

eridARO0n, Lot ILIE 50 CRIRELEL 10 Al ST OREAREE 20, Sruia
and ocd raesei te stlgnat sandmdDitgdd t dbgiid s d and to recei ve

the transmtted signals; swtching the ultrasonic f| ow
ot rv Erams e S seRt Flar Tt ten A & e e

stdtd SEY RS ARASHE esk Dye tdxe €1 REKi nOE-AIDsI Nhe HiyPONEEy the
used by the ultrasonic flow neter in the passive state

cleef nga eaBowHarchrbariunesed hiswere uskaragonte flow meter
in uﬂ.l’ié ggéfvé ! %{@tﬁéiﬁ% iggs at%éﬁfear?tﬁcgjntp.%f ﬁﬁg&}v&g used
an ul SW t'ching

rasoni c ow neasurenent cycle; an
by tties uhltesoomnic f fow mdtesr fTomhdeacciveestsdtad g to t he

assive state followi ng co etion of an ultrasonic
?Id%? %E%fégmﬁﬁ Q%&ﬁ@égniéw¥low measurement cycle; and

switching the ultrasonic flow meter from the active
state to the passive state following completion of an

ultrasonic flow measurement cycle.

2. The method of claim 1 in which performing an ultrasonic
flow measurement cycle comprises making at least one pair of
ultrasonic flow measurements, a pair of ultrasonic flow
measurements comprising an upstream ultrasonic flow

measurement and a downstream ultrasonic flow measurement.

3. The method of claim 2 in which making an ultrasonic
flow measurement comprises:

transmitting a signal from one ultrasonic transducer to
the other through the fluid at an angle other than 90
degrees to a predominant direction of flow, the transmitted
signal having a transmission frequency;

terminating the transmission of the signal such that

the transmitted signal has a finite duration, said duration
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2 . The nethod of claim1 in which performng an

ultrasonic fl ow neasurenent cycle conprises nmaki ng at
wo e@sn2pme pair of ultrasonic flow neasur enent BCT/GBp@i6/002902

of ultrasonic flow measurenments conprising an upstream

ul trasonic flom1neasuren§n%oagd a downstream

ultrasonic flow neasurenment”. 3 . The nethod of claim

2 in which making an ultrasonic fl ow nmeasurenent

conprises . transmtting a signal fromone ultrasonic
beﬂPﬁni&ﬁéthﬁ& e SFPREL SENPE BRI ETRASHE &imgn o&nghe
sigﬁaﬁrfEB%PS%Qdd%&%e%itE%s@nFEﬁggghgaﬂEeg'ESCEBQB %Eher;

ow, the transmtted signal having a transm ssio
anflr equency; terminating the transmi ssion of the signa

such _that .the transmtted, si.gnal has finite

dur BEP8AiES FHEu FEPrEOGE R FegR tngn SALEBEEEEd
ulBirasuict tassisktudett af tihassktghamef bgMcsai digRB1 being

ultrasoni ¢ transducer to said other; and receiving the
ther SARRi CR86Tsitqralthet sdgnalotReFravetadspmesaid one

ultkaBsdyeerad @RS kot LABq0bhRG Signal being the
time taken for the signal to travel from said one

ul trasonic transducer to said other. 4 . The net hod of

cl ai 3.1 ich said one.ultrasonic.transducer is |,
4'Iocgﬂédmﬁggpregﬁlgﬁa§§i 6PhgﬁlﬁgtFﬁ%gnpeetpgﬁ§8583Fc
tranelutbat isheodktedsapserbhVWoreasiBeBeRE §18rasonic

downstream ul trasonic fl ow measurenent . 5 . The _
ErABPAYECE! SECR fhati khghrehragPaicnélart massHrement is a

do%ﬁéﬂ§QH&?hlE§aE89§EegngWﬁé%Eﬁéghﬁﬁtsaid ot her

ul trasoni c transducer suc at the ultrasonic flow
nmeasurenent is an upstreamultrasonic flow

measyrenent. 6 . The.nethod of .any of clains.3 to 5
fur ﬁ%rmgghﬁglanﬁ aim 5 in w 1cﬂ sald one ultrasonic
transducer is located downstream of said other ultrasonic

transducer such that the ultrasonic flow measurement is an

upstream ultrasonic flow measurement.

6. The method of any of claims 3 to 5 further comprising
providing a fast clock, the step of making an ultrasonic
flow measurement further comprising:

measuring the transit time with a counter clocked by
the fast clock; and

calculating the flow rate based at least partially upon

the measured transit time.

7. The method of any of claims 3 to 6 in which making an
ultrasonic flow measurement further comprises a step of
amplifying at least a part of the received signal, a phase
of the amplified signal being the same as a phase of the

received signal.
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providing a fast clock, the step of making an

ultrasonic fl ow neasurenent further conprising:
wore@3eimg the transit time with a counter cl oPKEABRYN6/002902

the fast clock; and calculating the flow rate based at

| east partially upon the ggﬁsured transit tinme. 7 .

The method of any of clain§~3 to 6 in which nmaking an

ultrasoni c fl ow neasurenment further conprises a step

of anplifying at_|east a part of the received signal,
8.3 é@eff@fthq%e ofneiiyt iadd cdisgigl 3béng tiie Wdiedh aeking an

u1RRASS AL Ry ?r{:e%.'va'] RN refer HGpFRERAd tl%fe %@ép%f of:
claims 3 to 7 in I ch making an ultrasonic fTow
measempaeingf whteh ghacmmpofs ¢het heasbeps tefd ancbmeadingd

S.thelph_asglﬁ of the transmtted and received signals;
Eha-EAl & ating the flow rate based at |east partially

uporad cli@sitlincoft Hh & RhAase teoFRARES 8k 1%a-stT?ﬁxlE&taf1q§r upon
of claim8 in which the phase of the transmtted

a geghat PE &dcuSbed e BIPaEd SPRe phase conpari son step,
such that a result of the phase conparison step is
approximately 180 at zero flow rate. 10. The nethod of

9.cl alime9metthali off mdkiing S8annuwhiatonhe bhewenmeds thenent

further conprises .a step of providin pul si ng signal |
SRR S5 op S8 dth UGN SUaPPES™ hoaLPEnBEREE GEBRagson
stegsuklcafl thae phaseuenpar iksenpshep. cbhpalieieihed ok
claim 10 in which making an ultrasonic Plow

appsazdmeredty fL80fhat eenprfdes mats¢ep of charging a
capacitor using the pulsing signal. 12. The nethod of
claim 11l in which nmaking an ultrasonic

10. The method of claim 9 in which making an ultrasonic
flow measurement further comprises a step of providing a
pulsing signal having a pulse width which varies in

dependence upon a result of the phase comparison step.

11. The method of claim 10 in which making an ultrasonic
flow measurement further comprises a step of charging a

capacitor using the pulsing signal.

12. The method of claim 11 in which making an ultrasonic
flow measurement further comprises a step of measuring a

voltage on the capacitor.

13. The method of claim 12 in which the flow rate is
calculated based at least partially upon the measured

voltage.

14. The method of any of claims 11 to 13 in which making an
ultrasonic flow measurement further comprises a step of

discharging the capacitor.
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fl ow nmeasurenent further conprises a step of neasuring
a voltage on the capacitor. 13 . The nethod of claim

wa@ 2007102088 ch the flow rate is cal cul ated basedrPEl/GBe@s002902
partially upon the neasured voltage . 14. The net hod
of any of clainms 11 to 13 ig whi ch maki ng an
ul trasonic flow measur enenf?f irt her conprises a step
of discharging the capacitor.15 . The nethod of any of
clainms 2 to 14 in which performng an ultrasonic flow
nmeasur enent cycle further conprises: calculating a

155 PetheOinetBad oien ahije Sfel wl%iQ%Sthﬁtlhe§§{wﬂﬂ%Ei?éﬁ*orming
upon an average of at least one pair of ultrasonic
anf Vg wreEsiCe B pws Meaisthreaientl syicdg tfhethleowcoate isased

at | rtially upan the cal.cul ated un peed.
6. FRSuABTAbY 5t SRAS P o rRtRg 3y bhes T anaRee at
lepetf pamiciglay ubbhasonis&eiaow BEasyr egest ovel @air of
conpri ses _. nakin% a plurality of pairs of ultrasonic
u IniﬁoﬁéESSFSWeﬁﬁé_PI§W@P§§Vn§n§he plurality of
upSE&@%ﬁlHk&hasﬁﬂbCfﬁb%Wr%%éspaégﬁnhﬁ ﬁgaEEfﬁbgg%%ﬂly upon

average upstréam ul trasonic fl ow nmeasurenent =,
thgyerpagiuhgtedesplindakipepdof downstream ul trasonic fl ow
measurenents to provide an average downstream
ultrasonic flow neasurenent . 17. The nethod of any of
16cl aitie RethodSofnanki elf peafiasnbngoansukhr 3596hC pbk@Wrming
measurenent cycle conprises : nmaking a plurality of
aanﬁFgaépnaPt ﬁi%nfﬂ@aﬁ%ﬁfmﬁ@as GYERBnESmMprises:

making a plurality of pairs of ultrasonic flow
measurements;

averaging the plurality of upstream ultrasonic flow
measurements to provide an average upstream ultrasonic flow
measurement; and

averaging the plurality of downstream ultrasonic flow
measurements to provide an average downstream ultrasonic

flow measurement.

17. The method of any of claims 2 to 15 in which performing
an ultrasonic flow measurement cycle comprises:

making a plurality of pairs of ultrasonic flow
measurements;

calculating a plurality of flow rates, each calculated
flow rate being based at least partially upon a respective
pair of ultrasonic flow measurements; and ‘

averaging the plurality of calculated flow rates to

provide an average flow rate.
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calculating a plurality of flow rates, each cal cul ated

flow rate being based at |east partially upon a

WO e@peeds7y¥e pair of ultrasonic flow measur enenPCT/Gara@6/002902
averaging the plurality of calculated flowrates to
provi de an average flow ratyg ..18. The nethod of any of
clains 3 to 17 further conprising a test neasurenent
step in which a phase-shifted version of the

1drangqd tied, S ([ e recejved . signal . . |
19. The net h%%g%}%’ﬂ e }gi&r? oaﬁsﬁéén)l?o © agai%%réq o JEPrising
a West degsendemeran stegd nirb whirdther glen-9iitTe e fastsion of

cl qck test .step.. 20.. The nethod of any of clains 3 to
thfgq’fgl}‘r‘%ﬁ%%lrttceo@frpﬁ%%% itthéls%e G dthe megainias senal .

anplitude of the received signal; and increasing a

length of said tinme interval if the nmeasured anplitude
13- %eowe&?mdedﬁt érmiled tdnr esholaf fodrimspriedet dramiwieth

dPERRR OfoTRASY! The met.hod of._an
precedi ng claim Ef?%%?k%%hﬁfglﬁHﬁlﬁﬁbfi&%ﬁ clock test
stadi ti onal pairs of ultrasonic transducers operable to

transmt signals through the fluid and to receive the
transmtted signals. 22 . An ultrasonic flow neter for

20meagiie Rgtacdd oF $peeerok1a iftdsuizd tion 13 ¢oRgyiLL. cto%‘riarising
ultrasonic flow neter having an active state in whrch
thg St2EENCE :f | ow neasur enent cycles are perfornmed and a

pas gla¥e st al the oni-c. tlow neter .conprising: a
pair of uItnggh?cpgbgkg%uggrEggnggﬁﬁgegosn%Qﬁiwignd
si ghakgepsioggh fleegthubd aaddt eimecenverivBe if the

ransm tted.signals, the ultrasaonic transducers bein
me%s@gg 8mpg1§H e 1is beqow a predetermined threshold %or a

predetermined number of measurements.

21l. The method of any preceding claim further comprising
providing additional pairs of ultrasonic transducers
operable to transmit signals through the fluid and to

receive the transmitted signals.

22. An ultrasonic flow meter for measuring a flow speed of
a fluid in a conduit, the ultrasonic flow meter having an
active state in which ultrasonic flow measurement cycles are
performed and a passive state, the ultrasonic flow meter
comprising:

a pair of ultrasonic transducers operable to transmit
signals through the fluid and to receive the transmitted
signals, the ultrasonic transducers being operable in the
active state of the ultrasonic flow meter and inoperable in
the passive state;

a clock operable in both the active and passive states

of the ultrasonic flow meter; and
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active state of the ultrasonic flow neter and

i noperable in the passive state,- a clock operable in
wodaoh/ordses acti ve and passive states of the ul t PEEGBR@6/002902

flow nmeter; anda mcroprocessor operable to switch the

ultrasonic flow neter fromthe passive state to the

active state at tine intervals neasured by the clock,

the m croprocessor further being operable to switch

t he [ ic flow nmeter. fromthe, active state to the

pas%F%écgﬁgggc?gﬁ?Bm?%%r%%L%I%?i%WlB?haEh%IP¥%§%ﬁ?%lc flow
mefépWE reASUheNBatsCYE| Sta 08 BDLRE St PR¥eL: A8, DY i he

ultrasonic flow neter in the passive state being |ess

inteyels BRBERFESibpoves eheeki ntheenberopeoseaser Parther
i I €of t ' ] Lch on
beﬂﬁﬁ SHLFRBPEI €0 é&W%&ﬁ.@ﬁeqilg%g%g%Eg ffowh&?t%;sfaﬂglthe

rasoni ¢ transducer is oper o transm
acthveughathetdl thel passivangtztot el lohing 9Cotlesetsntef an

ipant direction of flow the transmitted
ulé&%ﬁéﬁfﬁggﬁﬁ TR TR Hur T OR the ot her ul trasoni ¢
t r aams daraetinbedb NGoOper Ak & 119y e Y + 6ok I @NBI} LSk er in

signal, a transit tine of the signal being the tine
the F6¢ PRt Rping thpe9 dan fammeeunt ok power used in

thdll d&@seni gc fyansducer to said other. 24. The
ultrasonic flow neter of claim23 in which the

m croprocessor is operable to control the timng and
duratiaon of the transmtted signal such that said
23 G o TSR (LR R rHne 12T 42 28 W@ one
uluddg@sioni trdhadet efls PpHad1m 23 Oc,rra%sﬁﬁzm %4 gitgrg‘ler

conprising: a fast clock connected to the
th’—?ﬂ@bﬁ%e@%‘&@ e #319k8 e o asardes tie a

pre¥fdmMeast AL 48 JF FR5PN%e transmitted signal having

a finite duration, the other ultrasonic transducer being
operable to receive the transmitted signal, a transit time
of the signal being the time taken for the signal to travel

from said one ultrasonic transducer to said other,

24. The ultrasonic flow meter of claim 23 in which the
microprocessor is operable to control the timing and
duration of the transmitted signal such that said duration

is less than said transit time.

25. The ultrasonic flow meter of claim 23 or claim 24
further comprising:

a fast clock connected to the microprocessor, the fast
clock being operable in the active state of the ultrasonic
flow meter and inoperable in the passive state; and

a counter operable to measure gaid transit time, the

counter being clocked by the fast clock, the counter being
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flow nmeter and inoperable in the passive state; and a

counter operable to neasure said transit tine, the
waeomnezr37dei ng cl ocked by the fast clock, the POLGBI06/002902

bei ngoperable in the active state of the ultrasonic

flow neter and inoperablejigh the passive state. 26.

The ultrasonic flow nmeter of claim25 in which the

nicroprocessor is operable to calculate the flow rate

I I up e asured transit
Op%ﬁ%ﬁ?% ?%% (ﬁg?ésg%lc:%lzﬁkﬁhﬁ (ﬁa%ﬂﬂ}Qﬁ Wit e
and 3 op G luy t:hertk@rparssilm svatnpl i fier operable to
anplify at least a part of the signal received by said

ot her transducer, a phase of the anplified signa

26 .beimg tdl@:l%@@n%s f@o‘%ﬁ%‘i‘:e@ otfh%lra%te'z‘éeduf'e g@ht chfle

anplifier being operable in the active st
mi qFloRrRsEH Y IlcﬂquI@rblandq mrienﬂ@t@ ithet tqum&&lt‘ee based

at -}%%tsﬁ‘; ﬁ%tla{]% ras%rfq' Cﬁx%'a%\ﬁ'& r of any of clains

r|3|
operable to prOV|de an out put which varles in

ndence upon afphase di fference between the
27. tr %mu{ittéfésga%| LoWd ekerr efeipiad ofi glalimst B3 phasgé
Fur QPR iREIRD 2PEHRR € 1k U %r%%l'v% %ﬂ&ﬁé%& %@eleast

ultrasonic fl ow neter and i nop e 1nthe p
a parkt ef the Bh@n@ﬂtKasenwedfbgm&aaﬁebt@kxckaamsa&cer, a

rihe onpLi-Si phas hi,fter to adjust the phase
e B e PR To BPOPE e Eriks pet coghBse. of
thesmgnahveﬁ Bﬂ@@hllnthetE&p@ﬁ@&@rcﬁgﬁﬁbabgérabﬁ% @Haﬁﬁe
bei ng operable in the_ active state of the

aCt&V?rﬁgéﬁ?coﬁl&WewﬂﬁéFaéﬁalpnéé@Waﬁﬁéeﬁnaﬂﬁelp@9§rable in

thengggivgostg@g.ultrasonlc flow nmeter of claim28 or
claim29 in which the output of the phase conparator
is a pul sing signal having a pul se wi dth which varies

28. 'nTHSDSTg%n%onleo%low meter of any of claims 23 to 27
further comprising a phase comparator operable to provide an
output which varies in dependence upon a phase difference
between the transmitted signal and the received signal, the
phase comparator being operable in the active state of the

ultrasonic flow meter and inoperable in the passive state.

29. The ultrasonic flow meter of claim 28 further
comprising a phase shifter to adjust the phase of the
transmitted signal before the transmitted signal is input
into the phase comparator, the phase shifter being operable
in the active state of the ultrasonic flow meter and

inoperable in the passive state.

30. The ultrasonic flow meter of claim 28 or claim 29 in

which the output of the phase comparator is a pulsing signal
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phase difference. 31. The ultrasonic flow neter of any
of clains 28 to 30 in which the output of the phase
W@ owpar@sror i s operable to charge a capaci t or . PGRGBI06/002902
ultrasonic flow neter of claim31 further conprising a
readi ng devi ce connected tg the capacitor, the reading
devi ce being operable to read a voltage on the
capacitor, the readi ng device being operable in the
e f il I [ ow net er and
hav?ﬁ%%éﬁg%ﬁ%kfgﬂg%éﬁ?ﬁ%g&%é&%ﬁ%ﬁEB Q§§ eﬁd?ﬁﬂ%l%ﬁﬂﬂﬂqpe
phafgeowirfdtegrerafe .cl ai m 32 in which the microprocessor is
operable to calculate the flow rate based at | east
partially upon the read voltage. 34. The invention of

31. anwh@r@g%&b%@nwcwﬂndwﬂmﬂ®éﬂﬁo% %%&'QQSQﬁaHgEE %a%%n3%°1n

npl ete an ultrasonic flow neasurenent cycle is
Whltcﬁaﬁhﬁaloﬁlt@ﬁlts &fd thiemphiasee coapardaf orTHe opesniilen t@f

cha%@% gr%%%gbqgcglaln1ln whi ch the period of tinme taken
to conpléte an ultrasonic flow neasurenment cycle is

betmeen about 20 ns and 200 ns and said tine interval

t bout 100 ms_. 36. Th t
of 1hR, URFEeERTHG S ReRnPEnCaia Pl GrvaRers | oos

comphaﬂlﬁg expeetigdqt uapseal echpbctegl 9ai Lheapt 8@@98? Oy
the flow rate.37. The invention of any prece I'ng claim

reafinghfgKieRe babanPrerapbretouseddby vhetabtr anothe
t i a state is_at ast a undre
capBEQEbge E Qe%ﬁ 8 ﬁébyge E?lg@ Bgagﬁkigean Fh@ctlve

t1 nes SFTH [ er than~theé ampun
StaaétDﬁethauétraeonIheflﬁwemétéﬁ ghdamyiopeesBldENgnCLAEM

L0 mh t he amount of power used by the ultrasonic

PasSe LW ?E? in the

33. The ultrasonic flow meter of claim 32 in which the
microprocessor is operable to calculate the flow rate based

at least partially upon the read voltage.

34. The invention of any preceding claim in which a period
of time taken to complete an ultrasonic flow measurement

cycle is less than half of said time interval.

35. The invention of any preceding claim in which the
period of time taken to complete an ultrasonic flow
measurement cycle is between about 20 ps and 200 us and said

time interval is between about 1 ms and 100 ms.

36. The invention of any preceding claim in which said
interval is less than an expected timescale for a

significant change in the flow rate.
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passive state is | ess than about 100 mWand the anount
of power used in the active state is between about 10
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37. The invention of any preceding claim in which the
amount of power used by the ultrasonic flow meter in the
passive state is at least a hundred times smaller than the

amount of power used in the active state.

38. The invention of any preceding claim in which the
amount of power used by the ultrasonic flow meter in the
passive state is less than about 100 UW and the amount of
power used in the active state is between about 10 mW and

100 mw.



