. 2266373 NMEASUREMENT SYSTEM The invention relates to a neasurenent system
for neasuring the speed and/or volunme of fluid passing between two
transducers. In our copendi ng- UK patent application 8813640, a system and
mef od i s described for neasuring fluid in-a device suitable, inter ag;a7?g _
for gas neterirng. The arrangenent determ nes the speed/volunélél-@ﬁ&p
detecting the time of flight of -an ultrasonic signal in both directions
between first and second transducers and uses this result - to conpute the
gas speed and the volune of MEASUREMEBNT SYSBEMrecsent systemis concerned
with providing a nodified systemto that described in our copending
application. According to the invention there is provided a fluid
measur enent ,devi ¢ce co first and second spaced_ transducer neans,
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transm ssion or reception and common i npedance matching means for both
transm ssion and reception to ensure that transducer characteristics are
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inter alia, for gas metering. The arrangement determines the
speed/volume of gas by detecting the time of flight of an
ultrasonic signal in both directions between first and second
transducers and uses this result to compute the gas speéd.and the
volume of gas consumed. The present system is concerned wiﬁh
providing a modified system to that described in our copénding

application.

According to the invention there is'proQided a fluid measurement
device comprising, firét "and second spaced trans_dﬁcer means,
transmitter and receiving means for transmitting and receiving
— signals in both directions between said transducer means,
switching means fof' allowing each transducer means to be
periodically used for either transmission or reception and common
impedance matching means for both transmission and reception to
ensure that transducer characteristics are substantially constant

for both transmitting and receiving modes of operation.

The invention will now be described by way of example with
reference to the embodiments described in the accompanying

drawings in which:



2 Figure 1 shows a first configuration for nmeasurenent of fluid flow
Figure 2 shows the transmt generator of Figure 1 in nore detail; Figure 3
shows wavefornms associated with transm ssion; Figure 4 shows the i~
transmi ssi on/ reception-stages of Figure 1 associated with the transducer Sw
in nmore detail; Figure 5 shows wavef or associated wth reception and
detection follow ng transm ssion; Figute 6 shows the scanned capacitor
array tect ] SReG: | ¥ d P I 1 €. ¢ an
ot o ERRUEE T RSP RPE A SO et Lo ERy Slelaur ddl %of | H1Ef
wavef ogigygenerated by -the Figure 7 configuration, and Figure 9 shows a
flowmchart associated with Figure 7. The configuration of Figure 1 shows a
flui d ppgase@asHbRECOhe H FANGRIE jerfda €Yt NS (RO US inc mbirangdeagns TRD
1, 2 (e.g. piezo-electric devices) in a duct 10 spaced from each other by a
di st anEgure 3Tstwsacawifornis cassbecbatedrvithetahesmdssibhiasoni c
frequencies. The systemincludes a crystal oscillator 15 which provides a
st abl eFigheeentesboysalttmutranémigsidivereptiions stagesviofeFigurehd
phase | ocked | oop (PLL) within the broken I['ines and conprising a phase’
sensi tagsogdesedowith thejitransducersd invowregdetailsol | ed oscillator
(VCO 19. The VCO 19 is configured to provide a fixed frequency output

Figure 5 shows waveforms associated with reception and detection
following transmission;

Figure 6 shows the scanned capacitor array apdVdetection;aspects

of Figure 1 in moré detail;

Figﬁre 7 shows an alternative embodiment to Figure l;

Figure 8 shows timing and 6ther wavefofms §enerated by the Figure

7 configuration, and |

Figure 9 shows a flowchart associated with Figure 7.

The configuration of Figure 1 shows a fluid speed measurement
arrahgement employihg two acoustic transducers_TRD i, 2 (e.g,'
piezo-electric devices) in a duct 10 spaced from each other by

a distance L. These acoustic ftransducers are operable at ""

ultrasonic frequencies.

The system includés_a crystal oscillatbr 15 which provides a -
stable reference signal source (e.g. 32kHz). This is-prqvided
for £he phasé locked loop (PLL) within the bfoken lines and .
comprising a phase sensitive detector 17, é divider 18 and a

voltage controlled oscillator (VCO) 19..

The VCO 19 is configured to provide a fixed fregquency output



'3 (e.g. 1.44MHz) controlled by its output voltage. This frequency is fed
back via divider 18 (e.g. divide by 44) to give a frequency correspondi ng
to the accurate crystal oscillator reference frequency. These frequencies
aré;bonpared in detector 17 and its voltage will be ‘adjusted if any error
Is present to pull the VCOinto |line. The output of VCO 19 provides the
mast er cl ock frequency of the system I's master..clock is nmade avail abl e
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Is used alternatively to transmt and receive a carrier wave or “burst of
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and receive circuitry and the timng logic will determ ne, under

m cr oproefessenceofiteqhenciien These fhédqiendiés e Wompared romsdetector
generator 21 will receive master clocks fromtimng block as well as

i nst ruck? oamdt dtsr aodtiageawilhebe radjustosd 2| anyecertor tisaparésenvnto The
transmtter output will conmprise a burst of pulses (e.g. at a frequency of
180k Hz )PWh ¥ htheecVERadnter 1ine.pul ses being inverted partway through the
transm ssion to act as a marker and this burst will pass to either
interface block 22 or 23. Each. of -bl ocks 22 and 23 include a transm ssion

Stage‘%ﬁétéﬁigﬁéogkaéég 19 provides the master clock frequency of the
' system. This master clock is made available to a timing logic
et “block 20 which can pass this to other system blocks when required
to provide control signals dependent.on internal logic (or as
instructed by a microprocessor/controlle: 31). "As each
transducer is used alternatively to transmit and receive a
carrier wave or burst of signals, typically pulses, each
transducer will have access to transmit and receive circuitry and

the timing logic will determine, under microprocessor control,
when these events will occur. A transmit generator 21 will
receive master clocks from timing block as well as instructions
\_/ to transmit and the transducer selected for transmission. The
transmitter output will comprise a burst of pulses (e.g. at a
frequency of 180kHz) with the phase of the pulses being inverted-

partway through the transmission to act as a marker and this
burst will pass to either interface block 22 or 23. Each of
blocks 22 and 23 include a transmission stage for the associated
transducer and a receiving preamplification stage for handling
the received signal generated as a result of passage of the

ultrasonic output through the duct 10.
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transducer and a receiving preanplification stage for handling the received
signal generated as a result of passage of the ultrasonic output through

t he duct 10. 4 The received signal is further anplified in common N
amplifier 24 and passed to a scanned capacitive array ( SCA) 25 whi ch, as'c}
described in nore detail below, is provided with 'snapshots' of respective
portions of cycles of the incom ng waveforms. As this picture is built up
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det ection use e m croprocessdr “31°via an .anal ogue t o
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additional™ timng information to ensure greater accuracy of tinme of

flight picbardetier Buidt ap 6oes idwrel®l ovyclles pitisgivesed ofiPlering
receives the output of a lowpass filter 28 at its other input and the two

I nput s ef feat ttwe thed daiooming datfamataomenTheclhmﬁgematlphabaltla:supcandr ed
(i ndicative of the returning narker). The signal fromthe capacitor array
25 is ceteyed by tthe capagitars eexvemttwatpurposeser finptlyt btt Aotdeasct or
29 which aids the detection of the
a phase memory for a reference via a- fllter 27 and a phase
detector 29 for determlnlng a ‘phase change and secondly it acts g;)
as an 1nformat10n-memory source aftér‘phase:change detection for
use by the microprocessor 31 via an analogue to.digiﬁal'(ADj
converter 30. The microprocessor 31 uses the heId"iﬁqumatioh'
to derive additional timing information to ensure greater

accuracy of time of flight to be determined, as described below.

 The phase detector 29 also receives thé.outpﬁt of a low-pass
filter 28 at its other input'and thé_two inputs allow the
detector to determine when a chaﬁge- of phas’e has 6cc'uri'ed
(indicative of the returning marker). The signal from the
capacitor array 25 is delayed with respect to the signal at the
other input to the_deﬁectOr 29'whicﬁ'aidé.the detection of the

phase change of the undelayed signal.

On detection of the phase change, thé detector output cauSesnthe
loéic block 20 to send an inhibit or freeze signal to array 25
to prevent further signal samples being stored therebY'and"aildws
the stored values to be retained and avéilable to the

microprocessor 31. The microprocessor will make use of



. phase change of the undel ayed signal. On detection of the phase change, the
det ector output causes the logic block 20 to send an-inhibit or freeze
signal to array 25 to prevent further signal sanples being stored thereby
andzallows the 3stored values to be retained :and available to the

m CT opr ocessor  31. The nicroprocegsor will rmake wuse of 5
informati on on the nunmber of nmaster cl dck pul ses that have occurred- during

the f'iﬂ?amaic%nt CeRS nWhbdy %@iﬁggga&_ieiesﬁa AESeT brad fﬁ%ts he

stored volfages on the capacitor array to determne transit tine.

conbi negeéit-PedR HAPIRGOVEHRS EP¢ERRSCEipRSOEdhd Wit dddPBtional
conputation and the reSults in tefns of speed or fluid flow rate, for

exanpl einféfmitiofndRrid¢d |l the s@orddspléltagds on Hhe cdpaditotrom
m crocontroller 31 may al so be nade avail able for renote access, for

exanpl eardayi dies depeehinal tiransitst efimeper ahhds acdmbanetir uirifarmatibébnnow
be considered in nore detail. As already described, the transmt generator
21 wi | Iphavidesi indreasedaresolutionrin £Fight ot imei computatiennand the
transducers and a suitable configuration for the generator 21 is shown in
Fi gur e Yesuhts dpnpermss of speeceorioflwidofilewl rPiteok Lo AXARPIRL | PN

bl ock 42. The tim ng | ogic block 20 of Figure 1 provides three inputs to
the ger®®at BRABl o@Wailabligestoyr @t hdifRIAYr 3%ck The output from

microcontroller 31 may also be made available for remote access,

for exanple.

Various aspects of the system operation and construction will now

be considered in more detail.

As already described, the transmit generator 21 will be required
to transmit a burst of information to alternate transducers and
a suitable configuration for the generator 21 is showﬁ in Figure
2. This comprises a counter 40, a control block 41 and a gating
block 42. The timing iogic block 20 of Figure 1 provides three
\_/ Ainputs to the generator_hlock 21. These are the master clock
pulses, a fransmit trigger and a direction select signal. - The
counter 40 receives and counts the master clock pulses (see"
Figure 3a) following the transmit trigger (see Figure 3b) ‘and
provides a series of pulses (see Figure 3¢ and 3d) for

transmission via gating block 42.

The counter 40 will provide the timing reference signal (see
Figure 3g) which will be the start point from which the time of

flight is calculated. The master clock pulses of Figure 3a are



pul ses, a transmt trigger and a direction select signal. The counter 40

recei ves and counts the nmaster cl.ock pul ses (see Figure 3a) follow ng the

transmt trigger (see Figure 3b) and provides a series of pulses (se
Figure 3c and 3d) for transm ssion via gating block 42. The counter 4

start

is calcul ated. The master clock

will provide the timng reference signgl (see Figure 3g) which will be the
ht

point fromwhich the time of fli
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for transm ssion (the other transducer being available for reception).
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. blocks 22 or 23 of Figure 1) will be as represented by Figure 3f. Thus it

can beppewvidelattd hsepettewhiehnt ririsdutser r ¢IBR1 S80I TDRI) Al sdisedE on-
t herefrom each conprise a nunber of cycles followed by an inverted signal,
thi s fohiswpdrbjichlarthercaasims. fon trmnsmispieno{thegathec tamhsithdéwer e

are four

The

pul se cycles before the inversion and then two nore pul se cycles

t her edpetng pvad lakdierfer veceptinpit, The savefnmpuforptransmimsiornti al

(after passing through matchihQ*COmponents'withih'b10cks 22 or

23 of Figure 1) will be as represented by Figure 3f.

Thus it can be seen that the pulse trains and the'tfansmiSsion

signal derived therefrom each comprise a number of cycles

followed by an inverted signal, this followed by further cycles.
In the example of Figure 3c and 3d there are four pulse cycles
before the inversion and then two more pulse'cyCIes thereafter.

In a preferred arrangement, the systém would provide an'iﬁiti&l

16 cycles before' inversion and eight cycles thereafter as

determined by control 41. The counter 40 teceiVes the master

clocks at 1.44MHz and it counts each 8 clock pulses and provides

an_output thereafter to provide a divide by eight function. _The
pulse trains of 'Figgre. 3¢ and 3d are produced at a Irate of
180kHz, suitable for use by the ultrasonic'transducérs TDR1 and
TDR2 after suitable matching-ih blocks 22 or 23. A configuration
for these blocks is shown in Figure 4, somewhat simpiified.fof

the sake of clarity.

Each transmit output stage/receive pre-amp:block 22 and 23 has

identical components. Block 22 receives signale Al, Bl and

BN



16 cycles before inversion and eight cycles.thereafter as determ ned by
control 41. The counter 40 receives the master clocks at 1.44MHz and it
counts each 8 clock pul ses and provides an output thereafter to provide a
di(%ﬂe by eight function. The pulse trains of Figure 3c and 3d are
produced at a rate of 180kHz, suitable for use by the ultrasonic
transducers TDR1 and TDR2 after sui tabl & matching .in bl ocks 22 or 23. A
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7 Select 1. and Bl are connected via resistors fo transistors

TR1 and o \WtiHdt haidddwgPubg to1t rfdsiiiictda 'HB? @mscmé@lt normsity T1

is connected to transducer TDRl. Capacitor C1 is connected across TDRL.

Resi st oicdpadtePiviertiedcbankicted a8tkoek TDRIS Heyid o) ROl sViiorhaitsdt es
as a switch in dependence on the Select 1 input. T1, 1 and R8 act as

mat chi ngonetield epfipctetransdstorafFETysiSAN winich eoperatest asersswitch.

optimum operating characteristics. Transistors TRL and TR2 together with

di odes @[h adepéndencec omcthedSedeatcdnsinmputcur rBint €YulambrREometi Asg
transistor TR5 and resistor R5. Transistor TR6 provides a_ first

anpl i fi ®atining apetverkngomponsnten £or styanrRissienTANd angceptdon to

transi stor output |s
ensure optimum operating characteristics. Transistors TRl-and

TR2 together with diodes D1 and D2 are connected to a constant

current reguiator comprising transistor TR5 and resistor RS.

Transiétof' TR6 provides a first amplification stage during
recéption of signals from TRD1 and this transistor output is
connected tq-preampiifier stage 24a of amplifier 24. The preamp-
comprises transistors TR8 and TR9 with associated resistors R104'

R12. Feedback is provided via resistor R6.

Block 23 is identical to block 22 and comprises resistors R3, R4,
\_/ R7, R9, transistors TR3, 4, 7, transformer T2, capacitor Ciz, FET
S2 and diodes D3, 4. This block also has access to the constant
current regulator TR5/R5 and the amplifier block 24. Resistor
R9, transformer T2 and capacitor Cl12 provide the matching

network.

For transmission in channel 1, TR1 and TR2 are alternately
activated by signals Al and Bl through R1 and R2. Emitter
current is monitored by R5 and TR5 (common to both channels).'

When current reaches the conduction threshold of TR5 (which it



connected to preanplifier stage 24a of anplifier 24. The preanp conprises
transistors TR8 and TR9 with associated resistors R10- R12. Feedback is
provided via resistor R6. Block 23 is identical to block 22 and conpri ses~
resistors R3, R4, R7, RO, transistors TR3, 4, 7, transformer T2, capacit
Cl2, FET S2 and diodes D3, 4. This blgck al so has access to the constant
current regulator TR5/R5 and the anplTfier block 24. Resistor R9,

transf Fopdls d cqﬂﬁpi or . C QNI £ DRt Gyt t K. .
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TRS (wWaigilldtion BogfeS Wil £sf eWupIed Ofocate POSARsdeceF09ial de
i ncom ng signal), TR5 conducts to reduce the base drive and forma current

regul glen¥trd OBappelOWeiinaryCaindihd Oothail,r avRieherfodms hereeskr adepped |
primary winding of T1, which fornms part of the matching network associ ated
wi t h maRthinglhretwoskarissooiated maithe THR1 he @ie t adbhsbapt e canirentany
nodi fication of the inpedance characteristics of the matching network.
Dur i npattuares miofsi the Jxcitationd prevgntse Spycamodifigationo qf otilke a
| ow i npedance path for currents circulating in the matching network. = Sl
remai Adpedanae ngharacterdstiies pefi othef makching network:  During
transmission, S1 is turned on by the Select l.signal;to provide
a low impedance path'for-currents.circuiating'in“the matching '.iJ
network. S1 remains -on during the reception period of the’
transmitted signal by the receiving- transducer TDR2. The

waveform for transmission is shown in Figure '3f.

For reception of _thé_ transmitted s:_i.g:na'l (on channel 2), s'ig'nais"'
A2 and B2 are inactive and TR3 'ahd- TR4. are disa’bléd. s2 is
tur_ned off, enabling the first amplifiér-t’ransi'stOr TR7.  TR7,
8 and 9 thus act as a high gain amplifier with negative feedback '
via R7. The heavy negative feedback ensures a very low in'pﬁt
impedance__to the matching. network, comparable with that p‘rovided
by S2 during transmission. The matching network is maintained
substéntially invar__'iant for both transmission and reception in
this way. Typically phase coherence of less than 0.1 de'g're'e can

be maintain with normal component tolerances.
The channels 1 and 2 will reverse operation during the next

transmission burst, with channel 2 transmitting and channel 1

receiving the ultrasonic signals under selection control.



- transnmtted signal by the rece|V|ng transducer TDR2 - The waveform for
transmission is shown in Figure 3f. For reception of the transnmitted signal
(on channel 2), signals A2 and B2 are inactive and TR3 -and TR4 are
di{sabl ed. S2 s turned off, enabling the first anplifier transistor TR7.

, 8 and 9 thus act as a high gain %ppllfler wi th negative feedback via
R7.  The heavy negative feedback ensures a very low input inpedance to the
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wi th channel 2 transmtting and channel 17receiving the ultrasonic signals

under §gtACtirahsauter® Transifl tBRaEN vt Igtdd IS DRl g 36 f psétghaky’
control I'ed i npedance on both transmt and receive with Tl and T2

secondar s6areges oft ebgornarepedetaallpt éhingnatddby Bpaisimgctheunasteber e
possi bl e and with transducer Transmit-Receive reciprocity, timng offsets

as a sobocksof a&srother e sourceal lof eltramsmitl. sBgnalsng phesemsérrorsocks
as the source of transmt signals phase ~errors therebetween are
el i m nthettebatweanate eadiminatedbove With regard to Figure 1, the system

As already explained above with regard to Figure 1 , the system
is required to determine the period between transmission and
reception of the transducer signal having tré\_tell_ed through the
duct 10 (i.e. transit time). This time period can be represented
by c_omparison of Figure S5b and 5c waveforms. The .numbe”r of
cycles on either side of the phase change has be_e"n"' reduced to
enable a more detailed examination of the .area of the waveform
adjacent the phase change to be effected. The waveform of Figure
5a is the master clock train (e.g. at 1..44mﬂl'z'_)'. " .Figure Sb
represents the transmitted signal and 5c¢ represents the returning
\J signal delayed by the period taken to travel ‘through the duct

between the transducers.

Array 25 of Figure 1 is shown in detail in Flgure 6 and comprlses
eight capacitors 1-8 which are sequentially scanned, each
capacitor storing a voltage which represents a shap_shot of the
instantaneous voltage applied to it as the incoming received |
voltage waveform of Figure 5c progresses. in practice each
capacitor is connected via a'common resistor R so that these form

a simple RC integrating network that enables averaging of each



Is required to determ ne the period between transm ssion and reception of
the transducer signal: having travelled through the duct 10 (i:.e. transit
time). This time period can be represented by conparison of Figure 5b ang~
5¢c waveforms. . The nunber of cycles on either side of the phase change Hag
been reduced to enable a nore detailed_exam nation of the area of the
maveforn1adjaCeht t he phase Change to B@ effected The waveform of Figure
5a is the nas cl ock. trai
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each capacitor is connected via @ common resi-stor R so that theSe forn1a

si npl e dYfeloseqf aF i Geracs@nskow i VoA GS Prés&st Nén afheasdpacitdrs 1-

capacitor sanple voltage fromone wave to the next. Thi s averagi ng over a
nunber &f bateasgthesratiirhingi alitehtenic &ignalsiowoirts dieagmpadd soeéf ect
can be seen fromthe voltage on the capacitors over several cycles. Thus
the fi rﬁSthneéheeqounthngycglel bego.fn gl @ sSmwpImﬂ wxbl’aggepresent on
the capacitors 1-
Capacitors 1-4 do_nbtjreceive a change in voltage tillzthé fifth _a;J
cycle. It can be seen that capacitors 5-8 in the fifth cycle
have accrued a higher (positive) voltage and capacitors 1-4
accrue a negative voltage which will continue in subsequent
cycles. Only two waves are shown prior to the phase change in
this'simplified-wavefofm,;but in practice there would typically
be 16 wave cycles before the phase change so the averaging period
would be suﬁétantially longer than shown. This gives good noise

rejection with narxew_reeeiver bandwidth (approx 4kHz).

on detection of a phase-chénge by thé*pﬁaéé-detéctcr'zg of Figure“
1, no further samples are applied to the capacitors due to
discohhection of the input (see Fig 5d) and the voltages thereon

are held to be used to assist in calculating the transit time.

A configuratiOn for the'capacitor-array'ahd detectibn'mechénisms

is shown in Figure 6.

As shown, the input from amplifier 24 is passed via the common

resistor R to the capacitors C1-C8 via switches 50 and 51.



.8, but as the returning ultrasonic signal occurs the capacitors 5-8 in the
fourth cycle begin to hold a sanpled voltage. Capacitors 1-4 do not receive
a change in voltage till the fifth cycle. 1t can be seen that capacitors
.5-Fn-the fifth-cycle have accrued a higher (positive) voltage and
capdcitors 1-4 accrue a negative voltage which will continue in subsequent
cycles. Only two waves are shown priof "to the phase change in this
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cycl es ore t ase change so the avéeragi ng period wou
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narrow fecei ver bandw dth (approx 4kHz). On detection of a phase change by

the phaswitefectsy 2% ofa¥s@urcortrellddir tigr Baspkeszer etapphlledwt othlee
capacitors due to disconnection of the input (see Fig 5d) and the voltages
t her eonmilcrdudttal er used Hioo besiabllel ntaabethumitiengswirech r Sisiwhémn metheA
configuration for the capacitor array and detection nmechanisnms is shown in
Fi gure Ceckdwingwseqhencepis compledhed.fi eThes swdtichs Sad will t hermaddon
resistor Rto the capacitors Cl1-C8 via switches 50 and 51. Switch 51
recei veStepstady thecragtesecsloeknratei (g -8l.0dc LOMHA) FQukkat, sa8 shrwah 50
Is also controlled by this block 20. Switch 52 is alsg controlled by bl ock

20 to afPoWigWreiSdo&Afh Aarackor yilkl e copnected: £oXvi(8Rhs2TukbBR t he

receivin nGe | | . The syitch 51 will,.normall - |
ece cgci%q_ggr(i%d gfcg@egéf\ged waeveS O.';['lg. %e switc?x g?l lel continue

_ to rotate until inhibited by biock 20 (as a result of a detected
g phase change). The phase inversion will be detected by detector
29 which comprises a limiting amplifier 53, a synchronous
detector 54,-a low pass filter 55 and a'comparator'ss.' The

synchronous detector 54 receives inputs from the low pass filters

27 and 28.

Although filter 28 receives its input directly from amplifier 24,
filter 27 receives its input from the RC network. The dynamic
characteristic of the sequencing capacitors is equivalent to that
'\_/ of a resonant LC circuit and acts as a phaée memory to operate
as a reference input to the phase detector 29. The synchronous
detector 54 output passes through filter 55 (see waveform of
Figure S5e) and is detected by comparator 56 (see Figure 5f) to
provide the detection signal for the timing block 20 of Figure
1. Block 20 then disconnects switch 50 from the incoming signal
from amplifier 24 and connects switch 52 to the microcontroller
31 so the stored capacitof voltages can thereafter be connected
in turn (using switch 51) to analogue”to digital converter 30 of

Figure 1, via switch 50, to allow measurement of each of these



step at the master clock rate (e.g. 1.44MHz) so that, as shown in Figure
5d, each capacitor will be connected for 1/8th of the cycle period of a
recei ved waveform The switch 51 will continue to rotate until inhibiteégs
by block 20 (as a result of a detected phase change). The phase i nversi'bJ
wi ||l be detected by detector 29 whi chﬁporrpri ses a limting anplifier 53, a
synchronous detector 54, a | ow pass fTTter 55 and a conparator. 56. The

SYNChIOIPSaUEL eORRL ACEBEPONESSHRPHE Sof AR | WPARaYE! kL5 258N

28. Al thoug | ter recerves 1rts 1npu y fromanp I er

filtereldmr ‘iﬁ%égfsfgt of RN hhAP Wstdr NeiYeKK aou-& 1Y havle’ pocurred

characteristic € sequencli ng capacitors 1s equlivalent to that o

resonafiir hgCithe! pe#iddaPeétwiderd RPAREMTIBERDY (AndPHcctFort 0¥ €ERBCE
i nput to the phase detector 29. The synchronous detector 54 output passes

t hr ougretutrhéhgSphasec inveesdbm faarkeguandSehisngivesia acimihdypépipar at or
56 (see Figure 5f) to provide the detection signal -for the timng block 20
of Fi qamreutats8| bokwi2thiihed dilecknpertiiedswvift theShasten tdiockcowihbgh signal
fromanplifier 24 and connects switch 52 to the microcontroller 31 so the
st or edit8phAcpfotheonligasanie tsignadf tfreduenayinecThusi with a (Lisé 4MHEW t ch
51) to anal ogue to digital converter 30 of Figure 1, via switch 50, to
al | ow ek cHRatt e af fldghthaseuracyoweulddee expeetedcteppeceithinil of
Figure 1 will have know_edge L e L
a usec (i.e. a millionth of a second). In practice due to slight
waveform drift for example, this is more likely to be accurate u

to two or three clock pulses (e.g. 5 millionths of a second) .

Whilst this is accurate: enough for some applicatidns, when
| dealing with gas met‘ering' for example, evén g‘feate‘f accuracy can
be required and this can be achiéved by investigating the
voltages held on th_é- capacitor array as passed to the
_microprqcessoi' 31 when switch 50 is in ﬁhﬁe oppo'_s'-i'te position to
the shown in Figure 6 and switch 51 is then stepped by t’he.
microprocessor 31 via switch 52. Their digital value can be used
to determine the pPhase slﬁf-t of the wave dur'ini; transit and this
is used to give fine adjustment to the time of flight values as

now explained.

As the master clock is divided by 8. to generate the transmit
signal this ensures it is in phase with the master clock. The -
master clock :_ls also used to step switch 51 so that the first
switch cycle std?‘?s at the beginning'of't'he ‘transmit waveform
(see Figure S5b and 5d) and continues till a detected phase B

reversal. The voltages stored on each capacitor averaged over



_froﬁ1b|ock 20 of how many master cléék'puisés_have,occurred during the
period between transm ssion and detection of ‘the returning phase inversion
marker and this gives a timng period accurate to within 1 ctock period of

t he=waster clock, which is 1/8th of the ultrasonic signal frequency. Thus
wi tN-a 1. 44MHz clock, the tine of flight accuracy would be expected to be
wthin a usec (i.e. a mllionth of a séﬁbnd). In practice due to slight

wavef orm drift. for exanple, . this i i kel . :

th oe CIRRHETRL sféxclf 2 R1B1G theomhrba, ot Che rhfe 6all WA ST, Minle,
enoug r sone applicatjons, when. | i it . Log sf: '
even gr éadt%r Vﬁ&ﬁ%zcl?nca hﬁzhﬁ"é’ Sﬁgggi?alr?&g‘ia\r% Sgggﬁé%ggggmeg%&?%ygﬁanEhg,

i nvesti qat d : 3 [
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shown in Figure 6 and switch 51 is then stepped by -the m croprocessor 31
via swtch 52. Their digital value can be used to determ ne the phase shift

of the Wiy Kbk iiR@SiépPesehbisal pedbadtiractiede wavetad) uss imgt thesehe
time of flight values as now explained. As the master clock is divided by 8
t 0 generna¥tddes | r Yupdr ivigtdle Wave formy ef Figure Bgpwath Sbtwilheshawt er
clock. The naster clock is also used to step switch 51 so that the first
switch e thathisaexahpleedhis rig 80 hdegrees noutwefephasg Jektlri ghee
5b and 5d) and continues till a detected phase reversal. The voltages
stored dragsshittedovavefareranddtbisris used to adjust the value o the

: computed transit period. Thus if 701 master clock pulsés'had
~ been counted between the transmitted and received phase
inversion, then this would be a transit time of 701/8 = 87.6

ultrasonic wave periods.

However from Figure Sg it is seen that a 180 degree phase'shift
has occurred which is 0.5 of a full wave of 360 degrees. Thus
0.5 is the more accurate result for the part cycle and so thé
resolution of the result has been improved to give a true résult
of 87.500 rather than 87.6 cycles. Thus the phase measurement
\_ which has been averaged over several cycles (in the'preférred'
'arrangement over 16 cycles) will override the coarse value
provided by the master clock alone and takes into account any.

drift between cycles.

The voltages on the capacitors are each converted into an 8 bit
value in the A/D converter 30 of Figure 1. The phase angle of
the stored waveform, for example) on thé'digital voltage values
and the resultant resolutioh is‘approximately-Sns; an improvement

of 1000 times over that achieved using the clocks alone.



13 several cycles mmc the phase of the received waveform Thus the values °
on the capacitor array at disconnection in-the sequence 1-8 wll be as
shown in Figure 5g. The broken line represents a reconstructed waveform
usi ng these voltages. Conparing the wavefornms of -Figure 5g with 5b wi | D
show that in this exanple this is 18Q degrees out of phase with the
transmitted waveformand this is useddo adj ust the val ue. of the conputed.

t ransj ri h ' 1 er pul ses.had been counted between-
the t FisEs Fie hibibes £0C STSRICIPRI S8R 115 BB HA" PP ERRG Bom tHE N ¢
time 8 3.87. 6 .l ' iQds. . VoL ol [t is
scon CRaPRHihFriaded MBI G A5 ST IR ES CIORE R Behe e
of 36Q, dacRf bdPdPeVthe %o CodCoHadle” {hretsibh’ RAI tegypd e and
so th rr esolution o et he resuﬁ}%ﬁﬁ"%’ee% I mproved tolgﬁvlenrag%e?ﬁe ?gés/ﬁ t of
87.50¢inat b o hedhd it ffct THéScy8teBant it sordEBondl Gb NE§ Peen
averaged over several cycles (in the preferred arrangenent over 16 cycles)
will evmastlr tdPockapatsesl whighovisley2by pidlesemst erhas0dls ahdcalbowe t akes
into account any drift between cycles. The voltages on the capacitors are
each emamplleqd the owmbelr 0f prilses | cothted/ Bouddv haver baerof7( gurk2d.
The phase angle of the stored waveform for exanple, on the digital voltage
val ues @28 fremr thel tnansnétotniggeris Abpa ocxd ock arat s lam 4Miz dileient  of
1000 tines over that achi eved using the clocks al one. :

128 count will require a 88.88uS period and the 701 pulse count

will require a 486.8usS period. ' S j;)

Sine and Cosine coefficients of the reconstructed sine wave are
caldulated using the following equation (where‘Vd-to-¢7'éré the

digital values of the capacitor array in the range 0 to 255.

Sine Coeff (V2 = v6) + 0.707 (vl + v3 -~ Vv5 = v7)

Cosine Coeff = (VO - v4) + 0.707 (V1 + v7 - v3 = v5)

To determine the phase angle of the cycle derived from the
capacitors, the magnitudes and signs of the sine and Gosine

coefficients are determined and used to calculate which octant

the cycle is in.

Octant o 1/8 2/8 3/8 4/8 5/8 6/8 1/8

Sine :  + : + : - = 3
Cosine : + 3 - : - : +
s >¢C tno yes:yes no:no - yes:yes no:

1. If C>S and Cosine coeff and Sine coeff are both positive'"



14 \Were the nunber of clock pul ses is beind'conputed fromthe transmt
trigger pulse (Figure 3b) and where 16 cycles are being produced before the

transmtted phase inversion nmarker, there will be.a-need to subtract 16
cyc es whi ch corresponds to 16 X 8 mast er cl ock pul ses which is 128
pul . Thus in the above exanpl e, the,punber of pul ses counted woul d have

been 701 + 128 = 829 fromthe transnit t igger. At a clock rate of 1.44MHz

this 128tﬁ§§ EéWE'EOEﬁ%”Lr f&éﬁ%(ﬁ%ﬁ%éygég and the -701 pulse count w ||

require a peri od ne an i“‘ne coefficients of the reconstructed

Sine_wavg, ar e fal il ahfl U80St NS deld LN GELHRLYON Yt eBEnN0 d e ke

the dlgltal ues of the capacitor array i e range 0 to

Coeff = xéaaanvé) tl‘ieﬁ £hel ouhtV3 3860 dey 7} 4PELAR E8EhE {co@jo v4) +

0.707 (vl + v7 - v3 - vb) To determ ne the phase angle of the Cycle derived

from thescapargt oS, dre CdgihéudoefEnGrd 09bnéf cbeE fSidte At ORkgative
coefficients are determ ned and used to cal cul ate which octant the cycle is

in. Cctathhen fineltBunk/ & 1808 dey & d¥drarw/ BsinéBcdshe D+

?F S > C4. : BB C>yf:‘esayé's C%O:ilg:n@oe'f@eisymgane butl f Sin€ auuiaﬁbsus;
coeff and Sine coeff are both p05|t|ve

positive then fine count = 180 deg - arctan (sine/cos).

5. If S>C and Cosine coeff and Sine coeff are both positive
then fine count = 90 deg - arctan (cos/sine).

6. If S>C and Cosine coeff is positive but Sine coeff is
negative then fine count = 270 deg + arctan (cos/sine).

7. If S>C and COSine-céeff and Sine coeff are both negative
then finé count = 270 deg - arctan (cos/sine) .

8. If S>C and Cosine cdeff is negative but Sine coeff is

positive then fine count = 90 deg + arctan (cos/sine).

The coarse count derived from the master clocks and the fine
cdunt from the above are combined in binary form. To effect
\_+ this, the coarse count is decremented until its 3 least
significant bits 9 (LSBs) match the 3 most significant bits
(MsSBs) of the fine count. The bottom 3 bits of the coarse count
are then discafded and the coarse count shifted 7 times. Finally
the fine count is added to the coarse count all under

microprocessor control.

The combined count is now in terms of the 1.44MHz master clock
x 128 giving a 184.3MHz timing resolution. This can be improved

with more A/D resolution. Thus 8 bit digitisation gives a



15 then fine count = arctan (sine/cos). 2. If CS and Cosi ne coeff is

posi t

(sinelcos). 3. | f CS and Cosine coeff and Sine coeff are both negatqve;
fine count = 180 deg + arctan (sine/cos). 4. |f CS and Cosine C
I's positive then fine count = 180 deg - arctan
(sine/cos). 5. | f S>C and Cosine cd&f and Sine coeff are both positive

t hen

I S negative but Sine coeff

“then

SRR i A oot SR S
Ftendaestdn SRR CEHRSEC SR SN L

i's ne : %_o?ﬁ%ﬁ%d%afx§%§ i6 Qoibbﬁkgrkggaﬁgh@ count = 90 deg + arctan

(cos/
t hen

(cos/ st ne

count

I ve but Sine coeff is negative then fine count 360 deg - arctan

e coarse count derive omt

ster clocks and the fine
fromthe above are conbined in binary form To effect this, the

ool T

coarse count is decrenented until its 3 |least significant bItS 9 (LSBs)

mat chpéBecemputling &Hd i £RMia bipeed MBBSH ShisherahBetceine. clleiitaun 3

bits of the coarse count are then discarded and the coarse count shifted 7

ti mesinFeaehl Qiectior tienhicsoptidedstort bﬁpaogsseheowajuaadiomnder '
mcr opr ocessor control.

vV = (L/2t1 - L/2t2)
where tl1 and t2 are transit tlmes ‘in each direction, V is

velocity and L is the length-between the'transducers.

This formula can be modified where transducer delay or effective

length reduction is significant.

Volume of gas can be determined from the speed results over a .

given time for a given duct bore size.

The speed of operation governed by  the master'_clbcks' is
sufficiently low to provide savings in cbst"and'pdwer cons'_limption

whilst giving equivalent resolution of 100MHz or more.

To effect.greater power savings, the Syéfém can"be"mOdified'tb
allow the transducers to operate for' shbrt _périods with
relatively long rest periods, which is particularly useful where
battery power is required to drive the system (e.g. in isblatéd

locations).

A further embodiment with low power requirements is shown in

Figure 7.



The conbined count is nowin terns of the 1 44N+E master clock x 128 g|V|ng
a 184.3MHz timing resolution. This can be inproved with nore A/D

resol ution. Thus 8 bit digitisation gives a - 16 resol ution equival ent -
to apg roximately 1/1000th of a cycle. 10 bit conversion gives a resolution

approxXfmately 1/4000th of a cycle or about _1.3nS at a 180kHz frequency. For

conputing the fluid speed fromthis trans#?’tine cal cul ated in each

di ti h i il t h t SO/ 2L - L2t 2
) and 02 e BERORERRRRRECE RN AT TURY 0| B Asp pghFeftedhEo”

|0t Do { B0 Spudthe by ?gzn%“sﬂs.égmé?féfcagﬂ?ﬂ’f€05eneraror
gas can bey qetﬂ%éfgryomfh'%epi&%f‘éj é‘éé'é{:éroﬁr QhV é}dt{mﬂf{e }éS'E

Spéed operéélon govern

duct bore size ster
i's sufficigiidwh) oYst eown%t@a %"Qgéohﬂt@s%aﬁ”d @ﬁ%hl‘&‘b%&ﬁ%f@mé\f“ hst
gi ving eqU|vaIent resol ut'ion of OMVHz nore. To effect greater power

savi ngs, tRhe.).sHiPaeHL l&@p@oégixeaé) tPs a&émﬁé& floraeduesL talje @Pefatgoﬁqr
short .periods with relatively-long rest periods, which is particularly

useful whego HAidterthepawstens daif|be grbuerel ibae & heimglsd emtlemm tell, for-
I sol ated | ocati ons).
example.

The counter is used to determine the number of master clocks
during the period between transmission and detection of the phase
inversion marker. The output of counter 63 is available for but
61 which is connected to the microcontroller 31 via control

interface 62.

A clock block 75 (e.g. 2MHz) is associated with the

microcontroller and both receive inputs from timer 60. System
control and standby timer 60 is provided to periodically enable

the microcontroller and other components and at other times to

\_s put the system on standby and to provide an absolute time clock

for the systemn.

| . The clock 75 is turned on shortly before the microcontroller 31
| is enabled to ensure this has stabilised before microcontroller
operation commences. The microcontroller 31, when eﬁabled'bf
timer 60 is then available to carry out the system sequence of
transmission, reception, conversion, calculation and display.
Once the sequence is completed the clock is switched off to save

power.



S i i e e e

A further enbodinment with | ow power requirenents is shown in Figure 7.
17 In this arrangenent, the transducers TDRl, 2 are connected to bl ocks 22,
23 and conmon receive anp.24 and transmt generator_21 as before. The phase
detector 29 (with input filters, not shown) is connected to a-counter \gs.
The mcrocontroller 31 (e.g. Hitachi type 68HC05) is selected for low

vol tage operation, so that the sysk®m can be powered by a single lithjum

cell, for, exanple. The counter iis used to determ ne the nunber_ of master
of JRtie SHHGSRET (RARAT | (R (RARAY A 5t FAR DA ER| AP P HEA%R MKt thLe¥ed phase

oV, BT, SRR P, SO i e ol it Sl
Bt 5 S e ORI RS
PG a ALy SRl e duaitadll O Cnd GO ARBOER! IRl oL e

f olcdhter Sy Stigerfacs! 88K 751 Sedrinead _R?DS F&sﬂwrésgorﬁ t Hﬁ[gefalso

m crocontroller 31 is enabled to ensure this has stabilised ore

[)ﬁ(‘zfé&‘é’.{k}é ol hputep&icrideyh DRMBAEEEry VB2 tEge Qo tehpera¥hre\hgsy enabl ed
monitoring or adjustment purposes. This is integral with
controller 31 as is ROM 74, RAM 73 and electrically erasable

programmable read only memory (EEPROM) 72. L U

A universal asynchronous receiver transmitter (UART) 71  is

provided as a serial data interface.

A liquid crystal display (LCD) 65 is provided via driver 64. The

driver has its own internal clock source.

The oscillator 15, phase detector 17, divider 18 and VCO 19 are
provided as before. However, the dividef.ratio can be set via
bus 61 and the phase locked loop comprising these blocks can be "/

enabled when required by timer 60.

Sequencing of the system is shown in the operational logic

flowchart of Figure 9.

The periodic use of the PLL and other components reduces power
requirements and the only system blocks requiring continuous
pover are the LCD 65, the oscillator 15 and timer block 60. The

microcontroller is continuously powered although its associated



.timer 60 is then available to carry out the system sequence of

transm ssion, reception, conversion, calculation and display. Once the
sequence is conpleted the clock is switched off to save power. The
smggfhed'capaci{or.array 25 can have each voltage nultipl exed via anal ogue
muiNEi pl exer 78 to the A/D converter 30 which is preferably a 10 bit AADto
inprove timng resolution. The converk®r output is available to the

m crocontroller via the control interface 62. A further A/D.converter 70
may al SEYRRE] ¥8 Mikk sNEBn&s PoNeBas: SUFINN « SEENGRY (thpERaEGF. BOYeT
noni t ori por adj ust nent purposes. This is integral with controller 31 as
is ROM #F4HAM 73 and el ectrical ly erasabl e programmabl e read only nenory
(EEPROM) 72. A universal asynchronous receiver transmtter (UART) 71 is
provided as a serial data interface. Aliquid crystal display (LCD) 65 is

provi dedg i ' | _ A ,gyypsi e
osci || aﬁglrﬂi!qu %%:ane% éag&%gg 'ﬁe;q{hﬁ \Q/:I% Jleérﬁ.i an.déu \%Oé}i% %ﬁrﬁ%ﬁ%@p
before. $OVWpygs. thAR Sovuader ¥1d | yseEmbensYradwiduiSidloan¢ ket iRASEor
| ocked | oop conprising these bl ock's -can be enabl ed when requiredby tiner

60. Sequed¥d NEn®h 1/S0ENSbEMthe Yid), isb lhenOREsShgOpowelrogicensimmmdnts of
Figure 9. The periodic use of the PLL and other conponents reduces power
to allow a battery life of several years to be possible. The

active periods can be seen from Figure 8.

As already explained, during standby the timer 60 is active as
is oscillator 15 which is needed as the clock input for the
timer. Where a continuous display is required, LCD 65 will also

be powvered.

After a standby period determined by timer 60,  the
microcontroller 31 is enabled (see Figure 8a) for é period of 20
mSec which is a sufficient to carry out transmission and
detection of the ultrasonic pulses in both directions and to

\_ compute results therefrom.

Thus after turning on clock block 75 and enabling micro 31, the
VCO is powered and the detector 17 enabled to pull the VCO 19

into line with the reference oscillator 15 (see Figure 8b).

After a few mSec (to enable the master clocks to settle) a
transmit enable pulse is generated by control/timer 60 and this
causes transmission during which the transducers are active. 1In

practice a transmission will take place in either direction in



requi renents and the only system bl ocks requiring continuous power are the
LCD 65, the oscillator 15 and tinmer block 60. The m crocontroller is

conti nuously powered although its associ ated 19 clock 75 will not be .~
power ed -duri ng standby to reduce power drain. Wth such an arrangenent tihef
continuous current drain on standby is |ess than 50uA. The systemin
practice is only active for |ess than2®/ 50th of the time, so minimsing
power requirenments to allow a battery life of several ,years to be possible.
The acthis periqds (S8f Flts §FomER gt Ctr¥e PREASES At1eiSha¥ N dur i ng
standby the tinmer 60 is active as is oscillator 15 which is needed as the
clock input for the tinmer. Where a continuous display is required, LCD 65

i1 be . d.  Af t andby . i od, d mined _h [ 60,
the m ReaediePl T e emietl i B he e s eafateier sitsr ohtsee
whi ch fisCi. D B 5 | S$4 i f th
ul !t(r:as%%lag‘s%g ssgsgn?nritrb%‘t%n&ﬁir&r%%:t [ olréﬁ'aﬁﬁ %?ﬁ: rrp%’?gd?gtsﬁﬂ Iso':]htca)r e]E r'gm Thus

after turning on clock block 75 and enabling mcro 31, the VCOis powered
and the detector 17 enabled to pull the VCO 19 into line with the reference

osci | lphervéatages briwhe 80kapdiditors filVtHee Gxisy appbl epéheofbereed
clocks to settle) a _ _
into digital values after reception has ceased. Two such
operations will occur, one for each direction of reception (see

Figure 8e). _ 'kJ

After the 20mSec period when the calculations have been'cbmpleted :
and the results stored and displayed,:the'system goes back to

standby for the next second, when the 6perations are repeated.

The PLL is active for about 4mSec with the transducers being

operative at various times in this period.

Transmission typically requires'abouﬁ.SomA”current but because
of the brief period of activity, this averages over any given
second to a mere 13uA. otherlperiods are similarly brief, so
that instead of having t0-cope:with’averagé power consumption of
say SmA if the system was continuocusly active, this has been

reduced to a very much lower value, typically 100uA.

The use of the capacitor configuration to increase resolution
also reduces power requirements because higher rate clocking
would increase power consumption considerable in order to seek

the resolution achieved by the present configuration.
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transmt enable pulse is generated by control/tinmer 60 and this causes
transm ssion during which the transducers-are-active. In practice a

transm ssion will take place in either direction in 20 this period (see
Fignre 8c), so two active.periods are shown. Receiving circuitry wll be
active imediately after the transmssion in each direction (see Figure
8d). The voltages on the 8 capacitors in2the array will be converted into
digital values after, reception has ceased. Two such.operatjons wll

ocour. onBefgreDse if made 5@ our cOPSNAINY Rar ety ARPIHGatign 3924817.9
20nBec perjQd,when the cal qul.ati pns haye been c | et ed the results
Stored anthaFBy| o cAiTeREed) i nfNRRE bie K S8 A BPTEAL Lo OLAL A oFE,

when t he tions,ar d [ Lve ..about. 4 kth
the transAaBereend 18 SR E 58" 2, THer bt 403 NEAL b iRy lagFEREnthen.
Transm ssion typically requires about 50mA current but because of the brief
period of activity, this averages over any given second to a nmere 13uA

QO her periods are simlarly brief, so that instead of having to cope with
average power consunption of say 5mA if the system was continuously active,
this has been reduced to a very nuch | ower value, typically 100uA. The use
of the capacitor configuration to increase resolution also reduces power
requi renents because hi gher rate cl ocking



woul d increase power consunption considerable in_QngL_Lg_?ggEﬁéggrs

resol ution achi eved by the present configuration. 21 Refere

to our copendi ng parent application 8924517.9 whi cﬂ"’,mm

i nventive aspects generally relating to Figures 1 ]m mmm her eoy
and the associ ated description. 22LLAIMS 1. © A flFui 8 sheed measurenent
device conprising: first and. second spaced transducer neans; transnmtter
and receiving means for transmttiQIAIMSd receivVving signals in both
directions between said transducer means; swi tching neans for allow ng each
transducer neans to be periodically used for either transm ssion or
reception; and.common inpedance matchi ng means for both transni ssion and

reception th &laid speedt mepsurenenhadestiss sepmrasensubsfanstalmyd

constant for both transmtting _and receiving nodes, of operation. 2.
devi ce as cfeFoRS sPﬁceGIEFﬁPsﬂucﬁﬁeMQQF%&m?r%RﬁW&ﬁF¢ﬁpé89m§9QE&Y*HQg

means i s connected to | ow i edance th relatjve to the natgchi net wor k
for each t REANE, %ransml ting aégi recelving éignéis p 'E%th

directions between said transducer means; switching means
for allowing each transducer means to be ﬁeriodically used
for either transmission or reception; and common impedance
matching means for both transmission and reception to
ensure that transducer characteristics are substantially
constant for both transmitting and receiving modes of

operation.

2. A device as claimed in claim 1, wherein the common
impedance matching means is connected to a low impedance
path relative to the matching network fdr each transducer
both during transmission and reception to provide a

substantially constant impedance.

3. A device as claimed in claim 2 wherein the common impedance
matching means includes a network having a transformer with
one winding for receiving an induced transmission signal
for driving the transducer, said transformer winding also
forming a series connection to the reception circuit when

connectedlthereto.

4. A device as claimed in claim 3; wherein the network

includes a matching resistor in series with the transformer



both during transm ssion and reception to provide a substantially constant

| npedance. 3. A device as clained in claim2 wherein the comon i npedance
mat chi ng neans includes a network having a transfornmer—w-tfrone wnding for
rquLV|ng an induced transmnisston signal for driving ;g Ird
transfornmer w nding al so forn1ng a series connection t gﬂ“ﬂ“ﬂg n“‘“ﬂ
circuit when connected thereto. 4. A dice as clai aim3 >
wherein the network,includes.a tch ng resistor ip.series wth the

t ransf or mer éﬁ??&ﬁ?rPE%sﬁhﬁggaESHEFence 5. A device as clained in
claim3 or 4, includi.ng a transducer driving circuit for providing the

i nduced transformer signal and wherein a constant current regulator is

brovi ded Jor theiglid i Gyeftiida 'h 'GP 3, BReANAR0HAld Ald & ﬂlx‘néﬁ%lf‘u

mat chi ng networ k during transm ssion. vi‘cé as

2 and 3, wherg fwﬁe‘gcmimeﬂﬁpc?fwm R TBADS IRRICKIES 3

resistor. 7. device as clained inn any one of clainms 1 to 6 mhereln the

transmtter NMei¥ndF aid WHEFE{P LOVdHsHahtd curdedt Q@Wlaﬁtidig i% PrdeRaed
cycles or pulses with a phase change thereon acting as a timng narker and

tﬂe receiver nesfisthel agieingndeirdi tlet6Ciredupeasimpddagce | vdriatiivh oin
t he

the matching network during transmission.

6. A device as claimed in claim 1, 2 and 3, wherein the common

impedance matching means includes a common resistor.

7. A device as claimed in any one.of claims 1 to é, wherein
the transmitter means is arranged to generate a signal
comprising a series of cycles or pulses with a phase change
thereon acting as a timing marker and the receiver means
being arranged to detect a phase change indicative of the

marker.

—/ 8. A device as claimed in any one of claims 1 to 7, wherein
retaining means are provided for retaining amplitude
information on the received signal to assist in measuring

fluid speed.
9. A device as claimed in claim 8, wherein the retaining means
is arranged to sample amplitude information derived from a

plurality of cycles.

10. A device as claimed in claim 8 or 9, wherein the retaining



mar ker . 8. A device as claimed in any one of clainms 1 to 7, wherein .
retaining means are provided for retaining anplitudp infornation on t he

received signal to assist in neasuring fluid speed

claimed-in claim8, wherein-the retaining neans |s ﬂul H#Hﬂ E i
anpl i tude i nformati on derived froma Elurallty of ice as
clainmed in claim8 or 9, wherein the talnlng 24 means |nclude a

plurality of ls Cit gvice as _clained in any one of
claims 1 toinfé,ﬁgp Ee]r% g’lu ?1’%2% ]_[‘?_{lf lo#%e?aﬁ Sape- bPSVFaBG"{{%%‘& ‘ermne fluid
speed fromtimng information derived fromthe returning signal. 12. A
fluid nmeasurenent device substantially as -described herein and with

referepee tR Bevdce AsOfclldihmas CHPaRY BRed A Vidi%ins 1 to 10, wherein
computation means are provided to determine fluid speed

from timing information derived from the returning signal.

12. A fluid measurément device substantiaily‘-as described
herein and with reference to Figure 4 of the accompanying

drawings.




