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AN ELECTRONIC FLUID FLOW METER 
F1eld of Inyent1on 

PCT I AU92/00314 

The present invention relates broadly to an electronic fluid flow 
meter and, 1n particular, to a gas meter for domestlc and commercial use. 

5 Background .to the Invention 
Traditional fluid flow meters lo domestic and commerclal use 

generally include some mechan1cal arrangement such as a bellows, or a 
vane or impeller which actuates a totallslng mechanism. Generally, a 
mechanical dial arrangement indicates the total volume of fluid that has 

10 passed through a meter. Such mechanical arrangements are not hi'ghly 
.. 

accurate, especially at low flow rates, such as those requ1red to 
mainta1n a gas pilot light. Accord1ngly, inaccuracies in low flow rate 
measurement can rep.resent a substantial loss of 1ncome' to the suppl ler of 
gas, and water. 

15 Over recent years, there have been a number of proposals that 
utilise electronics technology so as to provide for substantially higher 
accuracy of the fluid flow measurement. Such· systems generally 
incorporate ultrasonic transducers that transmit ultrasonic signals both 
upstream and downstream to measure the times of flight of the s1gnals. 

20 from which the relative speed of the fluid can be calculated. Examples 
of such devices for use in measuring liquid flow rates, are found In U.S. 
Patent Nos. 3,898,878 and 3,329,017 which use amplitude based 
measurement. U.K. Patent Applicat1on No. GB 2,222,254 A 1dentif1es that 
amplitude measurement is generally not practical in gas flow measurement 

25 due to substantial variations in amp11tude between the transducers. This 
results in it being diff1cult to detect the moment of time when a signal 
is received and thereby accurately determ1ne the ttme of flight. 
GB 2,222,254 A disclosed a system which used ultrasonic signals 
transm1tted as packets whereby a phase change is inserted into the middle 

30 of each packet, and thus represents an 1dent1fiable tim1ng marker from 
which the time of flight can be calculated. 

However, problems arise wlth the detection of a phase change when 
measuring flu1d flow in a small duct or conduft because the ultrasonic 
signal is reflected by the wallCs> of the duct which causes multipath 

35 propagation. The multipath propagation effectivelJ alters the phase 
relationship of energy reaching the receiving transducer, and hence. the 
timing of the phase change is not re 11 ably d~tectab 1 e. Al so. the 
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trans\ss\on of htgh order acoustic modes. which propagate at speeds lower 
than the primary wave packet, cause interference with succeeding 
signals. This can lead to further errors. 

It \s an object of the present Invention to substantially overcome. 
5 or ameliorate, some or all of the problems of the prior art. 

Disclosure of the Invention 
In accordance with a f1rst embodiment of the present invention 

there is disclose~ a method of detecting the time of arrival of an 
acoustic wave packet transmitted at a particular frequency, said method 

10 comprising the steps of detecting the wave packet and forming a received 
signal therefrom, recttfying and filtering the received signal to form. an 
envelope signal, detecting when said envelope stgnal crosses a detection 
threshold to thereby enable the detection .of a transttlon across a .. . .. ,•. -
predetermined level by said received signal, the transttton across said 

15 predetermined level representing a determinable number of cycles of said 
received signal at said particular frequency after the arrival of said 
acoustic wave packet. 

In accordance wtth a second embodiment of the present lnventton 
there 1s disclosed an electronic fluid flow meter compr~stng f1rst and 

20 second transducers locatable within a flutd, transmitter means for 
energising one of said .transducers to cause emission of one or more 
acoustic wave packets therefrom for reception by the other said 
transducer, control means connected to satd transmitter means for 
reversing the direction of transmission of said acoustic wave packets. 

25 timer means connected for enablement to said control means for measuring 
a time of flight of each said acoustic wave packet, said timer means 
being stopped by a trigger signal output from a receiver means connected 
to sa.i d transducers, said receiver means "iiebctt ng an 1 ncreas Ing enve 1 ope 
of a received signal and upon the passing of predetermined threshold by 

30 said envelope, said trigger signal ls output upon the next transition 
across a predetermined level by said received signal. 

Generally, a selected one or more of the plurality of acoustic w~ve 
packets is transmitted having 1ts phase or polarity inverted with respect 
to immediately adjacent wave packets. This substantially reduces the 

35 effects of propagating high-order acoustic modes which interfere with the 
detection of the arrival of the wave packets and cause errors in the 
actual time of detection. 

lfi1i1iiHf 
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Generally, the predetermined level ls a zero-crossing obtained f_rom 

a zero-crossing detector. 
From a known separation of the transducers, and from a calculated 

average of the t1mes of flight, fluid flow calculations can be made. 
5 Preferably, the fluid flow meter incorporates a memory means in which 

· .-... fluid flow data can be stored. Also preferably, the flui~ flow meter. 
a 1 so includes an interface means adapted to tr an.sf er' data s t~red in the 
memory means to another device. 

Typically, the electronic fluid flow meter is battery operated, 
10 although mains supply c~n be used, and 1s enclosed within a housing 

configured to min1mtse an increase tn temperature within the housing that 
would affect the operation of electronics components within the fluid 
flow meter. Thermal compensation means can also be provided to 
electronically compensate for changes in temperature both of ·the fluid, 

15 and within the housing. 
For domestic applications metering a gas supply, the preferred 

embodiment is battery powered and includes various arrangements to reduce 
energy consumption and thereby ensure long life of the batteries. For 
example, high frequency clocks are generated from low frequency crystals 

20 which consume substantially less power than their high frequency 
counterparts. Also, high gain, low Q transducers are preferred which 
reduce the power required to drive them and thereby reduce energy 
consumption. 

The preferred embodiment provides substantially linear results for 
25 rates of 0-7 cubic meters per hour. For a 12.5 mm tube, the accuracy is 

generally between 0.1 and 0.151. and no greater than ±21 for the top 75% 

of the flow range. These performance figures are suitable for the 
economic metering of a p\lot gas flow of 13 11tres per. hour. :,,, 

30 

Brief Description of the Prawings 
A preferred embodiment of the present invention will now be 

described with reference to the drawings in which: 
Fig. 1 ls a block diagram of the electrical arrangement of a gas 

meter of the preferred embodiment; 
Fig. 2 is a block diagram of the digital device of Fig. 1: 

35 Fig. 3 is a block diagram of the analogue device of Fig. i: 

Fig. 4 is a timing diagram of signals produced by the circuits of 
Figs. 1. 2 and 3; 

' 
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Ftg. 5 ts a front elevat1on v1ew of the gas ~eter housing; 
Fig. 6 1s a rear elevation view of the gas meter housing; 
Fig. 7 Is a stde elevation vtew of the gas meter housing; 
Fig. 8 ts a cross-section of the gas meter taken a)ong the line 

5 VIII-VIII of Fig. 5; 
Fig. 9 is a cross-section of the-gas meter taken along the line 

IX-IX of Ftg. 5; and 
Figs. lOA-100 illustrate waveforms relating to the gain setting 

process. 
10 Best and Other Modes of Carrying Out the Invention 

The preferred embodiment ts a domest1c gas meter 50, generally seen 
in Fig. 5, which is battery powered by one 3.5 volt D-size lithium 
battery 51 CFig. 8) to gtve a servt ce life of about 8 years _ _. 

The meter 50 d;rectly meas.ores tile ve-loctty of a gas stream ·by 
15 determining the ttme of travel ln both directions of bursts of ultrasound 

in a tube 52 through which the gas flows, seen 1n F1g. 6, of known 
diameter and length. Ultrasonic transducers S and 6 are arranged within 
respective aerodynamic housings 53 and 54 <seen in phantom in Fig. 6) at 
each end of the tube 52 and can function e1ther as ultrasound emitters or 

20 detectors. The tube 52 has a 14.0nnn 1nternal diameter.and 1s insertable. 
via appropriately flanged portions 55 and 56 having threaded connections 
57 and 58 respectively, into a standard 25mm Cl tnch> gas p\pe <not 
illustrated>. In the preferred embodiment, the transducers 5 and 6 are 
spaced apart by a distance of 17Snun. 

25 A suitable type of transducer that can be used with the preferred 
embodiment is that d1sclosed 1n International Patent Application No. 
PCT/AU91/00157. 

The gas volumetric rate under-·flow1ng conditions can be readily 
calculated from the measured veloc1ty and the dtmenstons of the tube 52 

30 as generally known tn the art. To.achieve a desirable accuracy, a number 
of ultrason1c bursts or packets are sent In sequence, with the start of 
each new burst betng triggered by the arrival of tts predecessor at the 
detector end of the measuring tube. The average travel time is then 
determined by timing the sequence as a whole and dividing by the number 

35 of bursts transmitted. The generation, emission and detection of a 
single ultrasound burst will henceforth be referred to as a 
"ringaround". A single scan of the gas flow consists of two sets of c; 

•.• ·1'· 
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predetermined number of ringarounds, ftrst tn one ·dtrectton and then 1n 
the other. The 1nterval between scans is chosen so as to obtain the 
required accuracy over the period between meter readings. For a domestic 
meter a suitable \nterscan interval is typically sixteen seconds. 

5 The meter 50 \s provided with an electronics package.~h1ch 
. generates, detects, and ttmes the ultrasonic bursts. The preferred 

embodiment as described herein ts bu11t around two LSI application 
specific integrated circuits, an analogue dev1c~ 2 and a digital device 
1. The functions of both the devices l and 2 can however be incorporated 

10 onto a single LSI device, as known to those ski.lled in the art, which 
would reduce the unit cost of the electronics package. 

Fig. 1 shows an overall block dtagram of the electronics package. 
The digital -devtce 1 controls, vla a number of. control lines 10, the 
analogue device 2, as well as two ultrasonic transducers 5 and ·5~·a 

15 liquid crystal display <LCD> 7 and an optical interface 3. The 
transducers 5,6 are physically arranged w1thin the gas-carrying tube 52 
as seen in Fig. 6. An EEPROM 4 <Electronically Erasable Programmable 
Read-Only Memory> provides calibration information for the meter 50, and 
a Reed swttch 8 ts attached to a protective cover 59 over the LCD 7 <seen 

20 in Fig. 5) so as to switch on the LCD 7 when· the cover 59 ts opened. 
A number of the ltnes 9 between the digital device 1 and the 

analogue device 2 allow transmtsston of electrical pulses from the 
digital device 1 to the transducers 5 and 6, and also allow the passage 
of the received signals to the analogue device 2. A line 11 carries an 

25 amplified version of the recetved signal from the analogue device 2 to 
the digital device 1. A line 12 carries a feedback signal, used for gain 
control and timing purposes, tq the. digttal.devtce.1. A reference 
voltage, generated on the analogue device 2, is carried to.the digital 
device 1 by line 13. The optical fnterface 3 fncludes a wfndow 60 <shown 

30 in phantom in F1g. 5) under the protectfve cover 59 and preferably 
contains a PIN diode and a light-e~itting di~de <not fllustrated but 
known in the art> to al low reception from, ... and transmi ss1on to, outsidE> 
devices via an infra-red serial link. A parallel connection of lines 14 

interconnects the digital device l with the LCD 7. 
35 As seen in Fig. 2. the digital device l includes an arithmetic 

logic unit <ALU> 15 which communicates via address and data buses 42 with 
a read-only memory <ROM> 16, a random access memory <RAM> 17, and an 

' 
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·array peripheral registers 19. Preferably the R~ 16 has a capacity of 
4096 bytes, whilst the RAM 17 consists of two register flles of 128 byte:: 
each. The peripheral registers 19 allow the ALU 15 to communicate with 
special-purpose logic functions on the device l, as wel_l as with other 

5 devices connectable to the digital device 1 .. 
A clock unit 18 provides a clock frequency of 9.8304 MHz to~ 

high-speed counter 23, as ·well as a 2.4576 MHz CPU clock for the ALU 15. 

and other sub-multiples for communication purposes. In addition, the 
clock unit 18 provides a 32.768 kHz signal for use as a real-time clocr. 

10 The high-speed counter 23 1-s provided with a connection to the feedback 
line 12 to allow the counter 23 to be stopped when appropriate with its 
contents then being made avaJlable to the ALU 15 via the peripheral 
registers 19. A control unit 22 provides control signals to the analogue 

15 
de~ice 2 to direct tts operation during the sc~~ ~~~c~ss .. 

·: .•..•... 

A signal generator 21 outputs an ultrasonic signal on one of the 
two pairs of signal lines 9. The frequency of oscillation of the signal 
generator 21 is set by external timing components consisting of two 
resistors and a capacitor <not shown Illustrated). The generator 21 is 
designed so that the width of the first pulse Is the same width as 

20 subseqent pulses. The operation of signal generator 21 Is similar to the 
SSS timer, known to those sk111ed In the art. A communications unit 20 
provides two channels of communication, the first of which being serial 
J;nk with the EEPROM 4, whilst the second provides a serial RS232-format 
link with external communication devices through the optical interface 3. 

25 As seen in Fig. 3, the analogue device 2 has a preamplifier 24 
which takes the received signal from one of transducers 5 or 6 via one of 
the pairs of lines 9, and provides an amplified signal to an automatic 
gain controlled <AGC) amplifier 25. The control voltage for AGC 
amplifier 25 is obtained from an external capacitor 40. A filter 

30 amplifier 26 drives a full-wave precision rectifier 27, and an RC networr 
28 filters the resulting signal and extracts the shape of the rising 
portion of the signal envelope of the received signal. The outout of th~ 

filter ampl1fier 26 is also passed via line 11 to the digital device I 
where it is converted into a series of digital pulses. The envelooe 

35 signal_ is then passed to a comparator 29, where it is compared with one 
of a number of voltages, depending on the configuration of the control 
lines 43 from an internal control unit 30. The comparator 29 provides 

' 
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the feedback stgnal whtch ts passed vta the ltne l2 to the dtgttal 
device l. 

A bias unit 31 uses band-gap circuttry to generate a reference 
voltage VREF of nominally 1.20 volts on line 13, tndependent of battery 

5 voltage. All other fixed reference voltages are derived from this 
voltage and Include a positive reference voltage <VPR> at l.80V, and a 
negative reference voltage CVNR> at 0.60V supplied on a reference bus 
44. The positive reference voltage VPR goes to an external resistor 
chain 35/36/37/38 provides three reference voltages whtch are input into 

10 the comparator 29. The control unit 30 decodes the control information 
provided by the dtgital device 1 via lines 10, and selects which of the 
reference voltages ts to be compared tn comparator 29 with the envelope 
signal passed.from the.fllter 28. The blas unit 31 also generates bias 
voltages for all ctrcutt blocks on the analogue device 2 under the 

15 control of signals from the control unit 30, and includes power-up 
circuitry which operates only when lnstructed by the digltal devlce l. 
In addition, bias unit 31 generates a battery monitor voltage CVBM> also 
output on the bus 44. 

A dtgttal to analog converter <DAC> is provided in the analog 
20 device 2 and ts used to generate a control voltage for the AGC amplifier 

25. The DAC is also used for analog to digital conversions using the 
dual slope conversion method. Analog to digital convertions are carried 
out by a combination of components on both the analog and digital devices 
1, 2, as explatned below 

25 The digital device l, using the counter 23 and the control unit 22. 
control the digital to analog conversion via the control unit 30 
outputting the control lines 43. The circuitry on the analog device 2 
which carries out the dtgital to analog conversion consists of a buffer· 
amplifier 33 having switchable inputs and an operational ampllfter 34 

30 connected as an integrator with an external resistor 39, an external 
capacator 40 to set the integrator characteristics, and the comparator 
29. The comparator 29 output is available as a digital signal on the 
control bus 43. The switchable amplifier 33 is controlled by the contr0t 
lines from the control unit 22. 

35 Analog to digital conversions can be carried out on two sources 
VBM, a scaled version of the supply voltage, and the output of a buffer 
amolifier 32. The input of the buffer amplifier 32 is connected to a 

' 
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therm1stor <not shown> located wtth1n the meter 50. The thermistor is· 

located in one of the aerodynamic housings 53,54 to measure the 

temperature of the fluid. Alternatively, or additionally a thermistor 

can be located within the housing 50 enabling monitoring of the int~rn~l 

5 temperature whtch can affect the ltfe of the.battery 51. The 

thermistor is generally configured wlth a linearizing resl.stor <ai-so not· 

shown>, usually arranged in parallel. The analog to digital conversions 

can be carried out on voltages between VPR and VREF. The preferred 

connection of the thermistor ts such that VREF corresponds to a 

10 temperature of +60° and VPR corresponds to -20°. Current is supplied to 

the thermistor from an output on the digital device 1. This current Is 

only supplied when a temperature measurement is being carried out. 

The operation of the electronic circuitry _of Figs. 1, 2 and) can 

now be described, a control program for such operation residing in the 

15 ROM 16. 

20 

25 

A scan consists of the following steps: 

l. A first transmission direction ts selected, and a variable 

number of single ringarounds are performed, with the object of 

determining the level of response at the receiving 

2. 

transdu~er~ Trt,lL.•re cont1nued,1n th1s manner; in which the 

ga1n of the receiver 24 ts adjusted until the received 

response falls within preset limits corresponding to a voltage 

between the voltages present at the connecting nodes of 

resistor 35 and 36, and, resistors 36 and 37. A maximum of 

nine such trials can be performed. 

The high-speed timer 23 ts started simultaneously with the 

commencement of the preset sequence of measurement ringarounds 

which can include any number of rlngarounds, but preferably is 

64. 

30 3. At the end of the series of measurement rlngarounds, the value 

35 

in the counter of high-speed timer 23 is transferred to a 

peripheral register 19 in the digital device 1. 

4. The second transmission direction is selected, and the 

remainder of Step 1, and Steps 2 and 3, are repeated. 

5. Software in the digital device l then calculates the flow rate 

for the scan period from the high-speed timer values stored In 

the peripheral registers 19. 

' 
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The t1m1ng dhgra.m of Fig. 4 shows the in1t.iatton of three 
ringarounds. The first ls a normal-polarity ringaround, with the output 
remaining high in readiness for the reverse polarity or inverted phase of 

the second ringaround. The second, reverse-polarity burst, leaves the 
5 output low, and the final burst is normal polarity. In the preferred 

arrangement, one more burst 1dent1cal to the last burst 1n the dia.!;fra1ri i~ 

also transmitted, and the sequence continues preferably a further 15 

times giving 64 rlngarounds. The signals shown in Fig. 4 can be 
summarized as follows: 

10 OE 

osc 
Oscillator Enable. Enables the transmit osclllator·osc. 
Transmit Osc1llator. This signal Is a square gated wave of 
50"L duty cycle, and has a frequency of 115 kHz In the 
preferred embodiment. Frequencies of between 4Q kHz and 200 
kHz are generally suitable. 

15 OG Oscillator Gate. Thts ts enabled by the· rising edge of OE. 
and ts disabled by a pulse counter operating on rising edges 
of OSC. The pulse counter compares a counter limit <e.g. 3> 
stored in the peripheral register 19. The counter limit is 
set by software. 

20 OSG Gated Transmit Oscillator Signal. Th1s·ts the baste burst 
form before modification by polarity reversal circuitry and is 
obtained by ANDtng OSC and OG. 

25 

30 

POL Polarity. The software can wrtte to a specific one of the 
peripheral registers 19 to signify that a polarity reversal of 
the transmitted burst Is required after the current 
ringaround. Thereafter, the falling edge of OG causes POL to 
be asserted. If POL 1s already asserted, the falling edge of. 

_OG negates tt. 
B Burst. This Is the signal applted to the emttttng 

transducer. It is obtained by XORlng POL with OSG. 
RB Received Burst. This is the signal obtained from the 

receiving transducer and applied to the receiving preamplifier 
24. A filtered version of this signal <made available on lin~ 

22 of Fig. 3> is sent to a comparator on the digitai device I. 

35 RCVP - Receive Polarity. A high-to-low transition of POL causes RCVP 
to be asserted. It is negated by the next falling edge of 
POL. Changes in receiver polarity take place one ringaround 

... 
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after the transmit polarity, POL, changes. This signal 
represents the polarity control of a zero-crossing detector 
47, implemented by a comparator, provided at an input to the 
peripheral register 19 on 11ne 11 for driving the control unit 
22 on the digital device l. 

BRR Burst Received Rectified. This is the out'iJUt of the preci;io11 
rectifier 27. 

ENV Envelope. This s·ignal is obtained by filtering BRR, and is 
delayed with respect to BRR because of the time constants in 

FB 

the filtering. process. 
the detection threshold 
of resistors 37 and 38. 
comparator 29. 

The horiz6nta1 dotted lines indi~~te. 

correspond\ng the voltage at the node 
The enve 1 ope t s app ft ed to the 

.. · ·.-· . .· · .. >··.-.~·- .· ·' ... -
Feedback. Hhen ENV passe~ the detection threshold it causes 
FB to undergo a low to high transition.· The next signal 
transition of the received burst signal RB of a polarity 
determined by RCVP asychronously initialises a rlngaround by 
triggering OE. 

The signal generator 21 includes circuitry for the production of 
20 the· OE, OSC, OG, OSG, POL and. B signa 1 s. 

The signals shown in Fig. 4 are each shown broken between adjacent 
bursts. This 1s because a burst 1s transmitted upon reception of the 
immediately preceding burst, and because the time taken for the burst to 
traverse the distance between the two transducers 5 and 6 ts 

25 substantially longer than the time taken to produce the burst. When in a 
typical natural gas, the ultrasonic bursts travel at a speed of about 430 
m/sec <the speed of sound in air is about 340m/sec) and the time of 
flight is generally about 0.4i.milliseccinds. Howev~r.· the t1·.r;-e-'iaken·fo· 
emit the burst is generally four times the pulse period which, for a 

30 transmission frequence of 105 kHz, is about 30 microseconds. The time of 
flight quoted here ts for sound travelling in stationary air and this 
time of flight will vary in the preferred embodiment depending upon th~ 

velocity of fluid flow. If the fluid is a liquid, the time of flight 
will be substantially shorter, due to the higher speed of sound in ~ 

35 liquid. For example, salt water has an acoustic velocity generally 
between l ,200 and 1,600 metres per second which is dependent upon the 
salinity of the water and its temperature. 

· .. :--. ~ ·. . -. ·-.:.. . 
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Also in Ftg. 4, the arrows between trace B and trace RB Indicate 

that the received burst is substantially aligned wHh the transmission nf 

the next burst. 
The steps outlined above will now be described In more detail. Ill 

... 5 first. a gain-setting step is required to ensure -that the ultrasonic 

burst detection circuitry.operates correctly. The signal generator 21 

which operates between 80 and 150 kHz, but more typically at 105 - 125 

kHz, produces a burst of one to ten pulses, typically three, which Is 

amplified and fed to the emitting transducer. The form of this burst is 

10 shown In Fig. 4 trace B. By the time this signal reaches the output of 

the receiving preamplifier 24, due to the limited frequency response of 

the transducers 5 and 6, It has become a substantially sinuslodal 

·wavetrain w1th ·a··--s-inooth envelope as shown In Flg·;··""4 tra·ce" RB·. Because of 

resonances· in ·the transducers, and filtering effects in the 

15 electro-acoustic signal path, this envelope increases rapidly In 

amplitude and then tails off gradually over a number of cycles. 

The signal amplitude at the output of the receiving detector 

preamplifier 24 varies as a function primarily of gas flow rate, 

temperature and direction of transmission relative to the flow of gas. 

20 In addition, the amplitude of the received signal can be Increased by 

changing the drive mode of the emitting transducer from a single-ended 

drive to a double-ended drive. For single-ended drive one side only of 

the transducer ts driven while for double-ended drive one end of the 

transducer Is driven with the normal signal and the other side Is driven· 

25 with Its logical complement. In general, the amplitude of the received 

signal cannot be predicted for any one scan, so a number of 

single-ringaround trial transmissions must be performed to establ·l·sh the '' 

required receiver gain and transmitter driving mode to give ·a constant 

amplitude at the preamplifier output. 

30 This process is controlled by the sof~ware In the digital 

device 1. The timer 41 is tied to one of the available clock signals. 

and capacitor 40 is charged via resistor 39 for a nominated number of. 

clock cycles between zero and 255. The voltage on the capacitor 40 is 

applied to the voltage-controlled AGC amplifier 25. 

35 ~ single burst Is sent through the ~ystem, and the r~se of th~ 

received, rectified and filtered envelope is compared in comparator ~9 

with three reference voltage levels. The first, and lowest. voltage is ~ 

' 
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reference voltage ETH obta 1 ned between resistors 37· and 38 which 1 s 
normally used to enable zero-crossing detection. The next voltage ELL i~ 

the lowest a~ceptable amplitude for the peak of the received envelope. 
obtained from a point between resistors 36 and 37, and the final 

5 reference voltage EHL is the highest acceptable envelope amplitude 
obtainedfro!ll between res\stors 35 and 36. 

The AGC control voltage is generated by charging the capacitor 110 
of the DAC for a nominated number of clock cycles between zero and 255. 
The charging current is controlled by resistor 39. The voltage on the 

. -
10 capacitor 40 ls appl\ed to the voltage-controlled AGC amp11f1er 25 and \$ 

held for the duration of the received pulse. · 
Feedback line 12, indicated by trace FB 1n Figs. lOA-100, to the 

digital device 1~1s .1n~t1a)ly a log1c.O, and changes state as each 
reference voltage is passed. The received signal at the output of 

15 filter 28 <trace ENV> is at a satisfactory level when the feedback line 
12 undergoes transitions 0-1-0 <Fig. lOC>; a steady l~g1c O indicates 
that the received signal level is much too low <Fig. 10A), while the 
transition sequence 0-1 indicates th~t the signal peak 1s above the 
measurement reference level, but is still too low <Fig. lOB>. A. 

20 transition sequence of 0-1-0-1 indicates that~the received signal 
envelope has passed through all "three reference levels, and is therefore 
too high <Ftg. 100). This informatton ts made avatlable to the software 
via two bits in a register In the peripheral registers 19, and the 
software uses a binary chop algorithm, of successive trials to eliminate 

25 regions in the 0 - 255 range of possible charging times of the capacitor 
40, to converge on a satisfactory ga1n. If the final gain ls 
substantially less than SO'l of the maximum possible, and if at the same 

. . 

time double-eRded drive 1S being Used for the emitting transducer, it is 
possible that single-e.nded dr1ve could be used with a consequent saving 

30 of power. In this case, the software goes through the whole ga1n-sett1ng 
procedure once more wtth stngle-ended drive. Conversely, if the received 
amplitude cannot be raiSed to a satisfactory level w1th single-ended 
drive and a capacitor charge ttme of 255 clock cycles, the gain-setting 
procedure is-repeated with double-ended drive. Once a satisfactory 

35 driving mode and gain have been established, the ROM software stores. 
these results for the ensuing sequence of measurement ringarounds, and 
also as a starting point for the next scan. 

' 
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St111 referring to Fig._ 4, the burst Bon the left hand side of the 
drawing includes four rising pulses. Accordingly, the received burst RR 
will commence with a rising pulse with· the elapsed time between fin! 
rise of the trace Band the first rise of the trace RB being the tim~ of 

S fligbt of the ultrasonic signal. As seen in Fig. 4, the envelope ENV .. 

commences rising with the increasing envelope of the receiving burst nu. 
The use of high gain, 1 ow-Q transducers 5 and 6. ensure that the envP. I r.ipp 

increases rapidly such that detection may take place as earlier 
described. Because of this, the threshold detection in the rise of the 

·-:-:· ... ;-. 
10 enveiope is consistently predictable and the next zero-crossing of the 

received burst RB is used to trigger the trans.mission of the next burst. 
and ultimately for the stopping of the counter 23 or a retransmit. 
Accardi ngly, as .seen. Jrom· Fig. 4, the .. .va 1 ue counte.d by. the countecZl ..... , · 

. . . . .. . . • ··. •. . . . •. '.'~ _.:,~~N_-..;-.:. ·;:':::=.:: ...... ( .. , ...... ·~ .. 

corresponds to the time of flight plus two and a half oscillations at the 
15 transmit frequency, multiplied by the number of ringarounds plus, any 

delay caused by the electronic circuitry. A constant corresponding to 
two and a half oscillations multiplied by the number of ringarounds plus 
any electronic delay can be present within the ROM 4. This constant is 

deductible from the time measured in counter Z3 when calculating the time 
zo of fl\ ght. 

In general for any one rtngaround the electronte delay ts 
insignificant. The electronic delay is generally of the order of 
nanoseconds while the time of flight will be of the order of 0.5 
milliseconds. 

ZS The central problem in accurately timing the arrival of the burst 
is to pick a point which can be consistently identified despite relative 
'!'Ovei:nent. betw_een the burst envelope and its constituent sinus ioda l 
wave~. The preferred· method described herein is to sele~t a .. ,particulai_. · .; 

zero-crossing point in the early part of the received wavetrain, 
30 corresponding to when the pulse ts driven rather than resonating, and to 

use this zero-crossing point as the timing marker. It is preferred 1·c1 

perform the detection in the driven part of the waveform, since the 
frequency and phase of this portion is locked to the transmitted 
waveform. The later part of the waveform is the result of resonances. 

35 and may not accurately reflect the frequency of the original ultrasonic 
burst. 

To accomplish this detection, the received signal is rectified 

' 



WO 93/00569 PCT I A U92/00314 

- 14 -

<trace BRR> in the unit 27 and f'ltered in un1t 28·to recover the 

envelope shape as shown in Fig. 4 trace ENV. The rising portion of tho 

f'iltered envelope is compared in comparator 29 with a reference volta9P 

·obtained at the node between resistors 37 and 38. When the envelope ENV 

· 5 reaches the reference voltage, the zero-crossing detector 47 in thP 

digital device 1 is enabfed for a limited t.ime <at least c;me cycle and 11c­

more than two cycles of.the chosen ultrasonic frequency), and the next 

transition of a digitised derivative form of the unfiltered received 

s.ignal RB on the line 11, correspondi.ng to the next zero crossing of P.f\. 

10 is used as the t'ming refererice point to ~egister the arrival of the 

burst. To achieve useful results, the reference voltage must be a fixed 

proportion of the peak amplitude of the received envelope emanating from 

fi}.~~r._28,~i!-fs indica~e:~ .br_t_he. _d9tt~d line Jn_F,1..9.~.4_,.tra~e.JN_V ........ ,. 
Returning to the commencement of a rtngaround sequence, the ROM 

15 software initialises a counter which will terminate at the required 

number of ringarounds, and then causes the ringaround sequence to 

commence by writing a code to a control register in peripheral register 

bank 19 from where it passes to control unit 22. The writing of this 

commencement code also starts the high-speed counter 23, running at 

ZO 9.3804 MHz. Finally, the ROM 16 software executes a HAIT instruction. 

The control unit 22 connnences a sequence of events which is largely 

automated. In this mode, the detection of a specific zero crossing of an 

arriving ultrasonic burst at the receiver transducer CS or 6> causes an 

immediate retransmission. The next signal transition of RB on line 11 

25 which is of appropriate polarity asynchronously triggers a retransmission. 

The feedback signal 12 awakens the ALU 15 from its HAIT state. Upon the 

awakening of the ALU 15, the ROM software updates its ringaround count 

and checks 'whether the 1 i m1t has. be~n ~pproached: •if the ring.around 

count has reached one count less than its predetermined limit, the 

30 software nullifies the commencement code originally written to control 

unit 22, thus breaking the retransmission loop and terminating the 

sequence after the next _ri ngaround. The software then resets the fl <19 

bit which caused.the wakeup, and another HAIT instruction is executed. 

This software activity all occurs during the time-of-flight of the 

35 acoustic signal along the tube 52,·independently of the automated oroces:: · 

of detection and retransmission. 
In the third step, the 24-bit value in the high-speed counter 23 

' 
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register 1s read by the ROM software and placed 1nto the RAM 17 for 
future use in the flow calculations. 

Finally, the software performs two long divisions, dividing thr 
high-speed timer counts, corrected for electronic delay, \nto a meter 

5 calibration factor; preprogrammed into the meter after testing and prio1. 
"."e' 

to use. As earlier ·described. most of the electronic delay arises from 
the fact that the arrival of the front of the ultrasonic burst cannot. ""' 
detected. Rather, a zero-crossing some fixed number of cycles <2 112> 
into the burst is detected. In addltton, there are phase. lags in th~ 

10 transducers 5,6 and other components in the detection chatn. The numbe1 
of timer counts corresponding to the electrontc delay Is fixed and ~.nown 

for any particular meter configuration, and is stored tn EEPROM 4. ThP 
·di fferen·c·e between the 1 ong 'dlv-i s-ion·,·-re--su'lts, · together·' wtttf·the ·i nterscan 
time. is used to calculate a flow for the scan period. This flow is then 

15 added to an accumulated gas register for display and automated readout. 
Gas usage may be accumulated in one of two registers, depending on 

the time of day, so that off-peak billing may be performed if desired. 
Gas temperature is measured by means of a thermistor <not 

illustrated> attached to one of the aerodynamic housings (53 or.?4> an(l 
20 connected to one of the inputs of operational amplifier 32, and the 

software applies a temperature correction to the flow derived for the 
scan period. 

Because the preferred embodiment is primarily intended for doniestic 
application using long life lithium batteries, the conservation of 

25 electrical energy ts of critical importance and a number of steps have 
been taken to reduce energy consumption. 

Firstly, the 9.3804 MHz ... clock signal for the high-speed timer is 
generated digitally from a 4.9152 MHz osc111ator in clock· un1t 18. The 
high power requirement of a high-speed oscillator is thus reduced. Th\s 

30 conserves power because the crystal, which sets the base oscillation 
freQuency, consumes the majority of the power in the clock circuit and bv 
operating the crystal at "half" speed, energy savings of 757. can be 
achieved. 

Secondly, the liquid crystal display 7 is only activated when th'! 
35 protectiv~ cover 59 is lifted and the Reed switch 8 actuated, and thP 

software ensures that it remains activated for only a limited time in the 
event that the cover 59 is propped open. 

' 

!.'·. 



. :~·~ ... 

W093/00569 PCT I A U92/00314 

- 16 -
Thirdly, the external conmunications circuitry \n the 

communications block 20 normally operates in a polling mode of 
millisecond in 500 ms. and is only fully activated on receipt of v11lid 
communications input. 

5 Fourthly, the use of low-Q transducers 5 and 6, such as those 
disclosed in International Patent Application No. PCT/AU91/00157. ensu1 e<. 
a low driving power for generating the ultrasonic signal. 

Also, the technique of storing the gain value for the last scan 
ensures that in most cases the binary chop method for determining the 

10 required gain.does not have to be used, and only a single check 
ringaround need be performed at the start of a scan to confirm that the 

. t ..... : ~~ .... ·:: . .,,.. 

·gain is .correct ... _ .. . - .... . 

Finally, the ALU.15 and its associated components are in a 
l~w-power halte .. d ~t·a·t~~-for ~~t ... ~6?"h1e ti~~; .. '~nd ar~ o~ly·-~ok.en by an 

15 interrupt from the external communications block., or by an interrupt from 
the real-time clock requesting a scan. 

Referring to Figs. 5 to 9, the meter 50 has a housing 61 preferably 
formed of die cast zinc or aluminium, although other metals or plastics 
material can be used. The tube 52 is formed integrally with the housing 

20 61 seen in Figs. 8 and 9. A cover 62 is fixed to the housing 61 using a 
number of fastening screws 63 seen in Fig. 6. A neoprene seal 71 is 
provided between the housing 61 and cover 62. A battery compartment 
cover 64 is fixed to the housing 61 by fastening screws 65, seen in Figs. 
5 and 9. 

25 The electronic components of Figs. 1, 2 and 3 are arranged on a 
printed circuit board <PCB> 66, seen in Fig. 9 and wires 67 seen in Fig. 
8 lead from the batteries 51 to the PCB 66, and wires 68 from the PCB 66 

·"fo the' transducers 5 and 6 located within the tube 52. 
The housing 61 ls also 'provided with a large number of fins 69 

30 formed integrally therewith which assist in dissipating heat from the 
meter SO. Because the meter 50 is intended for use in a variety of 
climates worldwide,·and the possibility of degradation of operation 
caused by excessive heat damaging the battery 51, it is important to 
ensure that only moderate temperature rises occur within the housing r.1. 

This is also assisted by painting the housing using a 
white-coloured anti-graffiti type paint. This ensures that householders 
are not able to paint the housing 61 to a colour of their own choice and 
hence affect the heat dissipation of the meter 50. 

' 
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As seen in Figs. 5, 7 and 8, a solar cover ·10 can be provided about 
the housing 61 to augment rejection of direct solar radiation. The cove1 
71 should be perforated to allow for a-ir circulation about the fins. E.~ 

and may be painted by a householder to improve appearance. 
S As seen in Fig. 4, the preferred embodiment makes use of a bu1·s1: "' 

acoustic wave packet that has 1ts polarity or phase inverted with re:;11er1 
to adjacent packets. In fig. 4, the first and third bursts commence with 
a positive-going transition whereas, the second burst commences with <i 

negative-going transition,. Alternatively, the first and third burst m~y 
10 commence with a negative-going transition This arrangement, which is 

specifically disclosed tn Australian Patent Appltcatton No. PK6894 lod9ed 
25 June 1991 concurrently with the present appltcat1on by the same 

......... 

applicants and· enti tl ed:·· 11 Mode Suppn!ss·ion in Fluid .. Flow.'.Mea:,surement" the: .. ;..;'+''':~-~,·>'.'?!' '"-' 

disclosure of which is hereby incorporated by cross-reference, acts to 
15 substantially reduce the propagation of high order acoustic modes within 

the tube 52, those high order modes causing errors in the detection of 
the receipt of an acoustic wave packet by the receiving transducer. Most 
preferably, an inverted acousttc wave packet ts transmitted for every 
three packets having like initial phase. The errors are caused_by 

20 multipath propagation of the acoustic wave packet in which the spread of 
the acoustic wave from the transducers 5 and 6 reflects off the walls of 
the tube 52. Thereby, the high order modes propagate at velocities 
substantially less than the basic or primary mode for which detection is 
required as it is the primary mode and tts change in acoustic velocity 

25 that is important 1n flutd flow measurements. 
The preferred embodiment provides linear measurement over the range 

0-7 cubic metres per hour at.~. nominal accuracy of O.l-0._15"L for .a 12.Smm .. ·c·,~·,· .... , ... ,_,. 

tube and better than ±21 for the top 751 of the flow range. 
The foregoing describes only one embodiment of the present 

30 invention and modif\cations, obvious to those skilled in the art, can be 
made thereto w1thout departing from the scope of the present inventio11. 

For example, the optical interface.can be readily replaced by~ 
radio frequency or magnetic induction arrangement. 

Also, for industrial standards, or custody transfer apolications. 
35 mains power, as opposed to battery operation, can be provided. 

Also, for large mains lines, it is possible to locate the entire 
meter within the line. 

. . .:.· . .-· 
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In add1t1on, the transducers need not be mounted with a ptpe or · 

conduit. For example, tf the transducers were mounted on the exterior of 

a hull of a ship, the meter would thereby act to determine the relcitive 

speed of the ship through water. This would include measuring water 

5 current speeds when the ship is physica]ly stationary. Such current 
-·· 

speeds add to the real speed of the ship. The thermistor can be us~!I in 

measure the sea water temperature and accordingly allow compensatio11 11r 

the acoustic velocity in water; This can also depend on salinity, C1nd ~ 

separate salinity measuring device <not shown> can also be used to 

10 compensate the acoustic velocity of the water. 

Also, the zero-crossing detector 47 of the digital device l can 

have its input offset m1ntmised by alternating the polarity of the 

transmit sequent~ such that if the first transmi~ for a ringaround is 

positive, the~-·th~ .next ~ingaround sequence has a firs't transmit whid1 i:; 

15 negative. 
Industrial Aoplicabil1ty 

The present invention is applicable to the measurement of fluid 

flow, especially gases. 

' 
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l. A method of detecting the time of arrival of an acoustic w~vP 
pack.et transmHted at a particular frequency, said method comprising thr:.> 
steps of detecting the wave pack.et and forming a received signal 
therefrom, rectifying and filtering ihe received signal to form an 
envelope signal, d_etecting when. said en_velope signal crosses a detection 
threshold to thereby enable the detection of a transition across a 
predetermined level by said received signal, the transition across :;~id 

predetermined level representing a determinable number of cycles of said 
"\ .. 

'received signal at said particular frequency .a.her the arrival of sai<I 
acoustic wave packet. 

2. A method as clatmed in claim 1 wherein said predetermined 
. level. is a zero crossing l~.veJ of._j!.n .. ,ps.ci.1.1.atpry. __ ~\,g,nal.. ,. 

. . . . . . . ··~ - . . 

3. A method as claimed in claim 1 ·wherein said wave packet a:; 
transmitted comprises a predetermined plurality of cycles, and said 
transition occurs during said predetermined plural tty of cycles of said 
received signal. 

4. A method as claimed tn claim 3 wherein said wave packet 
comprises between 3 and 5 cycles when transmitted and said determinable 
number of cycles is·z-112. 

5. A method of Determining the flow velocity of a fluid, said 
method comprising the steps of: 

CD transmitting an acoustic wave packet from a flrst transducer 
to a second transducer, both located in said fluid. and 
starting a timer concurrently therewith; 

Cit) detecting a time of arrival of said wave packet at said 
second transducer using a method as claimed i.n_any_ one of 
claims 1 to 4 tn which said ttmer ts stopped upon satd 
transition of said predetermined level; 

<iii> correcting a time value provided by said timer by a 
predetermined period corresponding to said determinable 
number of cycies; and 

<iv> using the corrected time value, separation distance of s~irl 

transducers, and known acoustic velocity in ·said fluid when stationai·y. 
to determine said flow velocity. 

6. A method as claimed in claim 5 wherein steps <i> and (ii> are 
repeated a plurality of tim~s in which said time value accumulates and i> 

subsequently corrected using a 1i.ke plurality of-said ·predetermined 

I lllllll llllll lllll lllll II llll 
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periods, and the corrected time value ts averaged ·by d1v1d1ng by sald 
pl ura 1 ity. 

i. A method as claimed in claim 6 wherein said repetition ills" 

comprises transmitting from second transducer to said first transducP1 . 
8. A method as claimed in claim 6 the transmission of a wavp 

'" packet, save for the fltst, is ~nstigated upo~ the transition of sai<I 
predetermined level by the immediately preceding wave packet. 

9. A method as claimed in claim 8 wherein a selected one or more 
of the.~lurality of wave packets ts transmitted having its phase or 
polarity inverted with respect to ·the immediately adjacent wave packets. 

10. A method as claimed tn claim 9 wherein one inverted wave 
packet is transmitted for every three having llke phase. 

ll. An electronic fluid fl~w meter compris.i.n.gfi.rst and secoml, 
transducers locatable within a fluid, transmitter means for energising 
one of said transducers to cause emission of one or more acoustic wave 
packets therefrom for reception by the other said transducer, control 
means connected to satd transmitter means for reversing the direction of 
transmission of satd acoustic wave packets, timer means connected for 
enablement to said control means for measuring a time of fllght of each 
said acoustic wave pack.et, said timer means being stopped by a trigger 
signal output from a receiver means connected to said transducers, said 
receiver means detecting an increasing envelope of a received signal and 
upon the passing of predetermined threshold by said envelope, said 
trigger signal is output upon the next transition across a predetermined 
level by sald received signal. 

12. A meter as claimed in claim 11 wherein sa1d next transition 
represents a_ ~e_terminable number of cycles at a known_ frequency of ri 

received signal corresponding to one said wave pack.et, after the receipt 
of said one wave packet, the value in said timer means being correctable 
by a period of said determinable number of cycles to give the actual time 
of each said wave pack.et. 

13. A meter as claimed 1n claim 12 further comprising a processinu 
means for averaging a plurality of said actual times, and using the 
averaged actual time, the separation distance between said transducer~ 
and the known acoustic velocity in said fluid when stationary, 
determining the flow velocity of said fluid. 

I 1111111111111 11111 1111111 1111· 
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14. A meter as clatmed tn claim 13 further comprts1ng a permanent 

storage means for storing flow volume values determinable by satd 

processing means based upon physical dimensions of a duct through which 

said fluid flows at said flow velocity and in which said transduce1·~ ,,,,, 

located. 
15. A meter as claimed in claim 11 wherein said transducers ~·~ 

ultrasonic transducers and emit said wave packets at a predetermined 

frequency between 40kHz and 200kHz. 

16. A meter as claimed in claim 11 wherein said timer means 

operates at a clock rate substantially higher than a transmit frequency 

of sa1d wave packets. 
17. A meter as clatmed in claim 15 wherein sald predetermtned 

frequency is about llOkHz . 
. 18. A meter as claimed in claim 16 wherein said clock rate is 

excess of lMHz. 

19. A meter as claimed in claim 18 wherein said clock rate is 

about 9.4MHz. 

in 

20. A meter as claimed in cla1.m 11 wherein said receiver means 

includes gain adjustment means for automatically periodically adjusting ti 

receiver gain to ensure that said predetermined threshold·'·is witMn saicl 

increasing envelope. 

21. A meter as claimed in claim 14 further comprising interface 

means permitting comunication of data stored in said permanent storage 

means to an external interrogation device. 

22. A meter as claimed in claim 21 wherein said interface means 

includes a two-way serial link. 

23. A meter as claimed in claim 21 wherein said interface means 

utilizes com~uni~ations afforded by emissions selected from the- group 

consisting of infra-red light, radio frequency and magnetic 1nduction. 

24. A meter as claimed in claim 11 wherein said predetermined 

level is a zero amplitude level and said next transition is detected 

using a zero-crossing detector. 

25. A meter as claimed in claim 1 further comprising a battery 

power source supplying energy to said transmitter means. said control 

means, said timer means, and said receiver means, said control means 

periodically enabling operation of said meter for the transmission of 

said wave packets. 
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26. A meter as claimed 1n cla1m ZS where1n·said battery power 
source provides a service life of said meter between one and eight years. 

27. A meter as claimed in claim 11 wherein said transmitter mP~n~ 
outputs a plurality of said wave packets in a ringaround sequence in 
which after ~very three wave packets transmitted having like phase. ~ 

wave packet is transmitted of opposite, inverted phase, thereby 
substantially reducing errors caused by the propagation of high orcle1 
acoustic modes b~tween said transducers. 

28. A meter as claimed in claim 25 further comprising a housin9 
via or through whfch said fluid is permitted to flow and with.in which 
components of sald meter are locatable. 

29. A meter as claimed in. claim 28 wherein said housing comprises 
a plurality of fins and an external surface thereof thereby·facilltating 
amelioration of temperature ris~s within said hou~ing. . . 

30. A meter as claimed in claim 28 in which said housing comprises 
a cover incbrporating a foldable section said cover permitting access to 
said battery power source and said foldable section permitting manual 
access to an interface port adapted for conununications between sa.id meter 
and an external device. 

31. A meter as claimed in claim 30 wherein said foldable section 
permits access to a display means energised for operation upon opening of 
said foldable section, said meter being configured for the display of 
operational data using said display means. 

32. A meter as claimed in claim 11 further comprising thermal 
compensation means configured to compensate for thermal drift in 
operation of said meter. 

33. A meter as claimed in claim 32 wherein said thermal 
compensation means comprises a thermal transducer located in said fluid 
and permitting compensation of errors caused by changes in fluid 
temperature. 

34. A meter as claimed in cfaim 32 wherein said thermal 
compensation means comprises a thermal transducer located in a housina 
enclosing said meter and permitting compensation of errors caused by 

~hanges in temperature within said housing. 
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