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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to the field of devices with a sensor for measurement of
acoustic noise in a fluid. More specifically, the invention relates to the field of devices with a
noise level sensor for monitoring noise in a utility piping network. Specifically, the invention
provides a noise level sensor integrated with an ultrasonic flow meter, e.g. an ultrasonic
consumption meter, or utility meter, comprising an ultrasonic flow meter, for measuring
consumption data of a supplied utility, e.g. water, heat, or cooling. Document WO 2013/041104
A1 discloses an example of said ultrasonic flow meter.

BACKGROUND OF THE INVENTION

[0002] In distribution networks for potable water, hot water for district heating and/or cold water
for district cooling, it is important to be able to quickly detect anomalies in day-to-day
performance. For instance, a busted pipe in a water distribution network can easily cause the
loss of hundreds or even thousands of cubic meters of clean, potable water, resulting in a
monetary loss to the distributor as well as an environmental loss to the whole community.
Another example could be a valve in a district heating distribution network, which does not
open or close fully as intended. As a result, pressure pumps may have to be operated at a
higher revolution rate, causing increased energy consumption by the distributor and a reduced
efficiency of heating at the consumer site.

[0003] Hence, it is desirable to the distributor, and eventually to the consumer, to aid the
distributor in detecting and locating such anomalies shortly after, or even before, they fully
develop.

[0004] In the case of pipe leaks or bursts various methods for location exist. One of these
involves a number of hydrophones installed on hydrants or in wells. The signals from the
hydrophones are correlated in order to triangulate the leak position. Alternatively, tracers may
be introduced into the fluid. Such a tracer could be gas or a fast decaying radioactive
substance. Finally, ground radar provides a means to detect the water accumulation as a result
of a (major) leak. Common to these methods is that they typically require the involvement of a
sub-contractor to provide the expertise of handling the sophisticated equipment needed as well
as interpreting the data generated.

SUMMARY OF THE INVENTION

[0005] It would be advantageous to provide a simple and low cost device to allow monitoring
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for leaks in a utility network, hereby allowing utility companies to distribute such devices at
several positions in the utility network.

[0006] In a first aspect, the invention provides a consumption meter arranged to measure a
flow rate of a fluid, the consumption meter comprising: a flow tube with a through-going
opening for passage of the fluid between an inlet and an outlet, first and second ultrasonic
transducers arranged at the flow tube for transmitting and receiving ultrasonic signals
transmitted through the fluid, the flow tube providing a coupling surface between the ultrasonic
transducers and the fluid flowing in the flow tube, a control circuit comprising a flow
measurement sub-circuit arranged for operating the first and second ultrasonic transducers,
and being arranged to generate a signal indicative of the flow rate of the fluid from the
transmitted and received ultrasonic signals transmitted through the fluid, characterised in that
the control circuit further comprises a noise measurement sub-circuit, arranged for generating
a signal indicative of a noise level of the flow tube or of the fluid therein by means of operating
at least one of the first and second ultrasonic transducers to detect acoustic signals of the flow
tube or of the fluid.

[0007] With the consumption meter of the invention, the noise level of a flow tube per se or of
the fluid therein is detected by means of at least one of the ultrasonic transducers. According
to the invention at least one of the first and second ultrasonic transducers, which is otherwise
used for flow measurement purposes, is used to detect the said noise level as well.

[0008] The at least one of the first and second ultrasonic transducers detects the noise level
by detecting acoustic signals of the flow tuber per se or of the fluid therein.

[0009] According to the invention, the control circuit of the consumption meter has a flow
measurement sub-circuit for operating the first and second ultrasonic transducers in their flow
measurement mode. The control circuit of the consumption meter also has a noise
measurement sub-circuit for operating the at least one of the first and second ultrasonic
transducers in their noise level measurement mode.

[0010] By "control circuit” or "sub-circuit" is understood the necessary electronic circuit adapted
to control the function of the first and second ultrasonic transducers, such as according to
known principles of time-of-flight measurements, and of the at least one of the first and second
ultrasonic transducer for noise level detection.

[0011] The invention is advantageous in that an ultrasonic consumption meter is capable of
measuring flow rate, e.g. as known in existing water or a heat meters, is also used to measure
a noise level of the flow tube or the fluid therein, i.e. acoustic signals below 2 kHz, i.e. below
the ultrasonic frequency range. One advantage of the invention is that the noise level is
measured at the position of the consumer site. Even though the noise level may vary over time
at each site, valuable information is still gained, especially if all or most consumption meters in
a municipal distribution network deliver noise level data to the distributor. Hereby, a greater
picture can be drawn up by the power of plurality, and anomalies in the distribution network,
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e.g. leaks in the piping system, can be more precisely uncovered. If in addition geographical
data are available of the location of the individual consumption meters, the location of an
anomaly can be estimated. The uncertainty of this location is likely to be reduced by the
density of consumption meters and the accuracy of their respective positions.

[0012] Furthermore, distribution networks with so-called automatic meter reading (AMR)
systems are common, in which consumption data are relayed from the consumption meters at
the consumer site to the distributor with regular time intervals, spanning from hourly to yearly.
Typically, data are transmitted between 1 and 24 times every day. The communication typically
takes place via a wireless network, which is operated by either the distributor or a
subcontractor, and hence is dedicated to the task. The capacity of such a communication
network suffices to carry additional information besides the consumption data. Thus, such
additional information could be data representing the noise level in the fluid distribution pipes
from each consumption meter. Hereby, the distributor can store and/or process such noise
level data in a dedicated processing system, e.g. for monitoring leaks or other anomalies in the
piping system. The sensitivity of such monitoring system may be improved even more by
combining noise level data with other data that from each consumer site, such as flow rate,
pressure, and temperature. Such data may especially be useful when combined in a hydraulic
model for the entire distribution network pipe system.

[0013] Studies have shown that acoustic noise due to leaks in pipes is dominant in the
frequency range below 2 kHz, depending on the leak size, pipe material, flow rate and
operating pressure. Ultrasonic flow meters are typically operated in the MHz range, thus the
relevant noise level frequency range is significantly different from the frequencies used in flow
rate measurements. The acoustic signals can be measured in a variety of different ways with
different sensors, spanning from a simple moving coil microphone via capacitive sensors to
piezoelectric sensors. Since a consumption meter based on ultrasonic measurement of flow
already comprises ultrasonic transducers, such as piezoelectric transducers, according to the
invention, the same transducer(s) involved in flow rate measurements is used as sensor to
detect acoustic signals relating to the noise level in the flow tube or the fluid therein.

[0014] Modern consumption meters employ one or more microcontrollers to perform the flow
measurement and to calculate data representing a consumption amount. Thus, it is to be
understood that the flow measurement sub-circuit and the noise measurement sub-circuit may
be implemented in a single processor, or in separate processors. The computing power of a
modern microcontroller is adequate to perform the data analysis of the signal recorded by the
noise level sensor, e.g. to perform a statistical analysis of noise levels sensed over a period of
time, thus reducing the amount of data to be transmitted rather than transmitting large
numbers of unprocessed data.

[0015] Data processing of the output from the sensor may specifically be a simple root-mean-
square (RMS) calculation to provide a value representing a measure of the overall noise level.
E.g. in a selected frequency band, such as 10-500 Hz. Analysis that is more sophisticated may
be frequency filtering into certain frequency bands, followed by an RMS calculation, to provide



DK/EP 3317618 T3

a range of noise figures associated with different frequency bands. Finally, a full Fast Fourier
Transform (FFT) could be performed to provide the full spectrum of acoustic signals, involving
noise power density as well the associated phase information. The latter level of analysis may
be desirable, in order to perform a cross correlation calculation with the purpose of
triangulating the location of the noise source. However, for many practical purposes the
information coming from the simpler noise figure calculation suffice to indicate the position of
the noise source.

[0016] The data processing on-board the consumption meter may comprise detecting if a
measure of average or peak noise level exceeds a predetermined threshold value. In such
case, the consumption meter may be arranged to transmit a special warning signal of the like.
This may facilitate processing at the distributor side, since leakages or other anomalies can be
easily monitored by observing such warnings.

[0017] In the following, features and embodiments of the invention are described.

[0018] According to the invention the noise measurement sub-circuit is arranged for
generating the signal indicative of the noise level of the flow tube or of the fluid therein by
means of operating at least one of the first and second ultrasonic transducers to detect
acoustic signals of the flow tube or of the fluid.

[0019] Thus, according to the invention the noise level is detected by means of at least one of
the first and second ultrasonic transducers. Although one of the said means may suffice to
detect the noise level, such dual noise level detection allows for more precise determinations,
and in particular for a more precise distinction of different noise sources, such as to be able to
eliminate transient noises such as from traffic and/or continuous or near-continuous noises
such as from heating or cooling systems.

[0020] Moreover, the noise measurement sub-circuit may comprise at least one
transimpedance amplifier for the conversion of a current indicative of the noise level of the flow
tube or of the fluid therein to a voltage indicative of the noise level of the flow tube or the fluid
therein.

[0021] The use of transimpedance amplifiers with the noise measurement sub-circuit may
eliminate electrical noise which does not originate from the flow tube or the fluid therein: The
very small acoustic signals picked up by the at least one of the first and second ultrasonic
transducers may be based on generation of electric charge, such as with piezo-electric
transducers. The little currents resulting from such generation of charge requires substantial
amplification to obtain a useable signal, and it is crucial to suppress other noise sources. This
can be achieved by the use of transimpedance amplifiers, which convert current to voltage and
suppress (by not amplifying) voltage noise sources.

[0022] According to the invention, at least one of the first and second ultrasonic flow
transducers is operated to detect the acoustic signals of the flow tube or of the fluid therein. In
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particular, both of the first and second ultrasonic flow transducers may be operated to detect
the acoustic signals of the flow tube or of the fluid therein. Accordingly with these
embodiments, at least one or alternatively both of the ultrasonic flow transducers, which are
otherwise used for flow rate measurements, are also used to detect the noise level of the flow
tube or of the fluid therein.

[0023] The present invention is based on the insight that the flow measurement transducers
may as well be used for noise detection purposes: Even though the ultrasonic transducers are
adapted for flow rate measurements in the MHz frequency range, they may as well detect
noise signals in the Hz or kHz ranges. Accordingly, with this embodiment, the ultrasonic
transducers of the consumption meters have a dual function, which in turn allows for a simpler
construction of the meter compared to embodiments not part of the invention involving a
dedicated noise level sensor.

[0024] In a particular embodiment of the invention the consumption meter has a first ultrasonic
transducer which is a first piezo-electric transducer with a first piezo-electric element with a first
polarization direction, and a second ultrasonic transducer which is a second piezo-electric
transducer with a second piezo-electric element with a second polarisation direction opposite
the first polarisation direction.

[0025] The application of such oppositely polarised transducers allows for an improved signal-
noise-ratio with the detection of noise from the flow tube or the fluid therein.

[0026] According to this embodiment, the two piezo-electric transducers have different
polarisation directions. Such two transducers, when exposed to an acoustic signal of
significantly longer acoustic length than the distance between the transducers, will observe the
same (or nearly the same) amplitude of the acoustic signal, and in turn display oppositely
directed charge accommodation and oppositely directed currents. Accordingly, the differential
signal between the transducers will be twice the signal from each of the transducers, and, as
the noise level is increased only by a factor of V2, resulting in a signal-noise-ratio improvement
of V2.

[0027] In this context, a "significantly longer acoustic length” should be understood, as the
acoustic signal considered should have a wavelength that is significantly longer than the
distance between the transducers.

[0028] According to another embodiment of the invention both of the ultrasonic transducers
are connected to transimpedance amplifiers of the noise measurement sub-circuit.

[0029] Thus, according to this embodiment the noise measurement sub-circuit comprises a
first transimpedance amplifier connected to the first ultrasonic transducer for the conversion of
a first current indicative of the noise level of the flow tube or of the fluid therein to a first voltage
indicative of the noise level of the flow tube or the fluid therein, and a second transimpedance
amplifier connected to the second ultrasonic transducer for the conversion of a second current
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indicative of the noise level of the flow tube or of the fluid therein to a second voltage indicative
of the noise level of the flow tube or the fluid therein.

[0030] As described above, transimpedance amplifiers convert currents into voltages, thus
offering the advantage of eliminating voltage noises.

[0031] Further, the noise measurement sub-circuit preferably comprises a differential amplifier
for the amplification of the difference between the first and second voltages indicative of the
noise level of the flow tube or the fluid therein to generate the signal indicative of the noise
level of the flow tube or of the fluid therein.

[0032] Thus, for minimization of the interference from electrical noise the noise measurement
sub-circuit may be arranged to receive a differential signal from the transducers, the two
signals having opposite signs. Thus, the amplifier circuit is symmetrical with respect to the two
inputs in order for cancellation of electrical noise. The differential measurement effectively
cancels out electrical interference from the outside.

[0033] As described above, in particular with oppositely polarised piezo-electric transducers,
the signal-noise-ratio may be improved considering the difference between the transducers
signals instead of each of the signals individually.

[0034] The noise measurement sub-circuit may additionally or alternatively comprise an
operational amplifier with a closed loop feedback, such as with the closed loop feedback
comprising a capacitor in parallel with a resistor, to provide a charge sensitive amplifier.

[0035] According to another embodiment of the invention the at least one of the first and
second ultrasonic transducers comprises a first transducer segment and a second transducer
segment, the first transducer segment being operated by the flow measurement sub-circuit to
generate the signal indicative of the flow rate of the fluid, and the second segment being
operated by the noise measurement sub-circuit for detection of acoustic signals of the flow
tube or of the fluid therein. Preferably, the first segment is circular and the second segment is
annularly arranged around the first segment.

[0036] According to this embodiment the at least one of the first and second transducers have
different segments dedicated to flow rate measurement and to noise level measurement. The
segments may be adapted to the relevant frequency ranges of each of these tasks structurally
and dimensionally, such as providing adapted resonance and matching layers.

[0037] In terms of frequency, the invention is based on the insight by the inventors, that the
most relevant acoustic signals to be detected are in the frequency range of 10-2000Hz,
preferably in the frequency range of 10-1000Hz, more preferably in the range 10-500Hz. In
particular, the detection may involve band pass filtering of the acoustic signal such as to
remove acoustic signals outside the frequency range 10-500Hz.
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[0038] In addition, the present inventors have observed that the above frequency ranges apply
to different type of flow pipes: They apply to steel pipes as well as to piping made from
polymeric materials.

[0039] In case the at least one of the first and second ultrasonic transducers serves as noise
level sensor, the flow measurement sub-circuit and the noise measurement sub-circuit may be
arranged in parallel, such as their respective operations being selected by a switching means
during non-overlapping periods.

[0040] Moreover, the noise measurement sub-circuit may be switched off from the
piezoelectric transducers when a flow measurement is done. Otherwise, the generation of the
ultrasonic signal may be suppressed and the flow measurement fail. Furthermore, the switches
used should not interfere with the ultrasonic signal as seen by the receiving transducer.

[0041] In addition, the noise measurement sub-circuit may be arranged to process an output
from the sensor for detection of acoustic signals over a period of time, and to accordingly
calculate at least one single value indicative of an average noise level. The sub-circuit may e.g.
be arranged to accordingly calculate a plurality of values indicative of respective spectral
components of average noise level, e.g. corresponding to selected 1/1 octave or 1/3 octave
levels etc. The sub-circuit may alternatively or additionally be arranged to calculate a peak
value indicative of a peak noise level for said period of time. In addition, the sub-circuit may
alternatively or additionally be arranged to calculate a plurality of different values indicative of
noise level for said period of time. By measuring over a period of time and processing the
measured signals, it is possible to reduce the amount of data to be communicated from the
consumption meter with respect to sensed signals of the flow tube or the fluid therein and
which may be considered as noise indicative of leakages or other anomalies.

[0042] In addition, according to an embodiment of the invention, the generation of the signal
indicative of the noise level of the flow tube or of the fluid therein comprises deriving a
statistical parameter representing the noise level.

[0043] Still further, the noise measurement sub-circuit may alternatively or additionally be
arranged to calculate a measure of noise level, to compare said measure of noise level to a
threshold value, and to generate a leakage-warning signal in case said threshold value is
exceeded. Especially, in such case, the consumption meter may defer sending any noise-
related data except in case a leakage warning signal is generated.

[0044] The consumption meter preferably comprises a communication module arranged for
communicating said signal indicative of the flow rate of the fluid, and for communicating data
representing at least one value indicative of the noise level of the flow tube. The
communication module may be further arranged to communicate data representing a
measured flow rate of fluid in the flow tube or data representing a consumed quantity, such as
being arranged to transmit data packets with both a value indicative of the noise level of the
flow tube or the fluid therein, and a value representing a consumed quantity.
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[0045] The consumption meter may be a water meter, a gas meter, a heat meter, or a cooling
meter. Preferably, the consumption meter is arranged for measuring consumption data of a
supplied utility used as a basis for billing in which the flow rate measurement forms a part. The
consumption meter may be used in connection with district heating, district cooling and/or
distributed water supply. The consumption meter may be a legal meter, i.e. a meter which is
subdued to regulatory demands. Such regulatory demands may include demands to the
precision of the measurements.

[0046] According to a second aspect, the invention provides a method of measuring a flow rate
of a fluid by means of the consumption meter according to the first aspect of the invention, the
method comprising: operating the first and second ultrasonic transducers by means of the flow
measurement sub-circuit to transmit and receive ultrasonic signals through the fluid in the flow
tube, generating by means of the flow measurement sub-circuit the signal indicative of flow
rate of the fluid, operating the at least one of the first and second ultrasonic transducers by
means of the noise measurement sub-circuit to detect acoustic signals of the flow tube or of
the fluid therein, and generating by means of the noise measurement sub-circuit the signal
indicative of the noise level of the flow tube or of the fluid therein.

[0047] With the method, the flow measurement sub-circuit is operated during a first time
period, and the noise measurement sub-circuit is operated during a second time period, and
wherein the first and second time periods are non-overlapping time periods.

[0048] Also with the method the at least one of the first and second ultrasonic transducers is
operated by means of the noise measurement sub-circuit during a period of flow of the fluid in
the flow tube below a predetermined flow rate threshold.

[0049] According to this embodiment of the invention, noise measurements are preferably
performed during periods of little flow, more preferably during periods of no flow at all. During
such periods, the noise related to the otherwise occurring flow in the fluid piping system, such
as flow related to the consumers' consumption of fluid, is at a minimum, and any noise relating
to any leakages the more pronounced.

[0050] In a third aspect, the invention provides a system comprising a plurality of consumption
meters according to the first aspect of the invention, wherein the plurality of consumption
meters are arranged spatially distributed at consumer sites in a utility network, wherein each of
the plurality of consumption meters further comprises communication means arranged to
transmit data representing the noise level of the flow tube or the fluid therein, and wherein the
system comprises a main collector arranged to receive said data representing the noise level
of the flow tube or the fluid therein from the plurality of consumption meters.

[0051] In particular, the system according to the invention preferably comprises a data
processor arranged to process said data representing the noise level from the plurality of
consumption meters in the utility network, and to determine a measure of a position of a fluid
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leakage in the utility network in response to said data and information regarding individual
positions of each of the plurality of consumption meters in the utility network.

[0052] Whereas the individual consumption meter according the first aspect of the invention
provides a strong tool for detection of noise related to leakage in a utility network, a system of
a plurality of such consumption meters distributed at a plurality of consumer sites in the utility
network provides an even stronger tool.

[0053] It should be understood that noises relating to leakages are often small compared to
the other noises in the utility network: Noises relating to the otherwise occurring flow in the
network, ie. the consumers’ consumption, as well as other types of noise from the
environment, such as traffic noise and other transient noises, which are as well detected by the
consumption meter.

[0054] In particular with little noises from leakages the application of a plurality of consumption
meters is advantageous: The noise level is detected from each of the plurality of consumption
meters, i.e. from a plurality of different positions in the network, and the leakage position may
be estimated, such as by known triangular techniques.

[0055] In particular, under conditions of limited or even non-flow, the system of the plurality of
consumption meters provides a strong tool distinguishing between leakage noise and "other"
noise sources.

[0056] In general, the various aspects of the invention may be combined and coupled in any
way possible within the scope of the invention. These and other aspects, features and/or
advantages of the invention will be apparent from and elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] Embodiments of the invention will be described, by way of example only, with reference
to the drawings, in which

Fig. 1 is a schematic illustration of a consumption meter embodiment not part of the invention
with a dedicated noise level sensor transducer,

Fig. 2 is a schematic illustration of a consumption meter embodiment where one of the
ultrasonic transducers involved in flow rate measurements is used to pick up noise,

Fig. 3a and 3b illustrates a monolithic housing of a consumption meter, wherein a dedicated
noise level sensor is arranged at an unbroken flow tube wall,

Fig. 3c illustrates a consumption meter embodiment not part of the invention wherein the
dedicated noise level sensor and the ultrasonic flow transducers are arranged in a housing
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mounted on an unbroken flow tube,

Fig. 3d illustrates a consumption meter embodiment not part of the invention wherein the
dedicated noise level sensor and the ultrasonic flow transducers are arranged in a sealable
housing mounted on flow tube,

Fig. 4 illustrates a segmented ultrasonic transducer to be used with the consumption meter
according to the invention.

Fig. 5a and 5b illustrate acoustic signals from a steel pipe as recorded with the consumption
meter according to the invention with (a) and without (b) a leak with the pipe, respectively.

Fig. 6a and 6b illustrate acoustic signals from a plastic pipe as recorded with the consumption
meter according to the invention with (a) and without (b) a leak with the pipe, respectively.

Fig. 7 illustrates an example of a system embodiment where a leak in a utility network can be
detected from an increase in noise level detected by a group of consumption meters,

Fig. 8 illustrates for the system of Fig. 7 an example of a leak at another position in the utility
network, and

Fig. 9 illustrates steps of a method embodiment.

DESCRIPTION OF EMBODIMENTS

[0058] Fig 1 shows a consumption meter embodiment not part of the invention wherein two
flow transducer T1, T2, in the form of a pair of piezoelectric ultrasonic transducers, are
arranged in the wall W of a flow tube in which fluid flows in the direction indicated by the large
arrow to the left. The two transducers T1, T2 are operated by a flow measurement sub-circuit
CC1 to transmit and receive ultrasonic signals via the transducers T1, T2, to be able to
generate a flow rate signal indicative of the fluid flow rate, FR based on known ultrasonic
transit time measurement techniques. In the shown embodiment, reflectors R1, R2 serve to
direct the ultrasonic signals (dashed arrows) along the fluid flow in the flow tube.

[0059] The consumption meter further comprises a dedicated noise level sensor T3 configured
for measuring vibro-acoustic signals in the flow tube or of the fluid therein. In the illustrated
embodiment not part of the invention the sensor is a third separate transducer T3 located in
the flow tube wall between the first and second transducers T1, T2. As will be further described
in the following other types of sensor may also be used as an alternative to the transducer.
Additionally, in alternative embodiments shown the sensor may be arranged along an
unbroken flow tube wall or inside a sealable housing adapted to interface with fluid in the flow
tube.
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[0060] Noise in the fluid, indicated by the noise curve in Fig 1, is captured by the separate
transducer T3. The output from the transducer T3 is applied to a noise measurement sub-
circuit CC2 that processes and outputs a measure of noise level accordingly. Especially, the
third transducer T3 may be a piezoelectric transducer, e.g. similar to the first and second
piezoelectric transducers T1, T2. Especially, the third piezoelectric transducer T3 may
comprise a piezoelectric element, e.g. disc-shaped, with a first surface facing the flow tube,
and wherein a second surface opposite the first surface of the piezoelectric element is
supported by a rigid backing of an acoustically dampening material, such as a dampening
material comprising rubber.

[0061] The consumption meter preferably comprises a communication module (not shown)
arranged to communicate data indicative of the noise level NL in addition to consumption data
based on the measured flow rate FR. In some embodiments, the consumption meter may
correlate the measured flow rate FR and the noise level NL (and possibly other measured
values) in order to be able to detect any anomaly, which may then be communicated
accordingly.

[0062] Fig. 2 illustrates a variant of the embodiment of Fig. 1 wherein the first piezoelectric
transducer T1 involved in the ultrasonic flow rate measurement is used as sensor for the
acoustic signals in the flow tube or in the fluid therein.

[0063] Thus, in this embodiment according to the invention, both the flow measurement sub-
circuit CC1 and the noise measurement sub-circuit CC2 are connected to the first transducer
T1. The first and second sub-circuits CC1, CC2 may be operated simultaneously, or it may be
desirable that they are controlled so that flow rate FR and noise level NL are measured at non-
overlapping operating time periods. However, due to the spectral difference in the acoustic
signals to be picked up for detecting leakage or other anomalies and the ultrasonic signal
involved in flow rate measurements (up to 2 kHz versus a few MHz), the second control circuit
CC2 may be arranged to spectrally filter the output from the first transducer T1.

[0064] Compared to the embodiment not part of the invention of Fig. 1, the embodiment
according to the invention of Fig. 2 save one component, since the first transducer T1 has a
dual function. However, in the embodiment not part of the invention of Fig. 1 it may be possible
to provide a more dedicated transducer T3 that is more sensitive to acoustic signals in the
frequency range relevant for detecting anomalies.

[0065] Fig. 3a illustrates a consumption meter embodiment not part of the invention
comprising a monolithic housing and flow tube, wherein the dedicated noise level sensor is
arranged at an unbroken flow tube wall together with the first and second flow transducers T1,
T2 for measuring the flow rate. The housing and flow tube is cast as a single monolithic
component 30 providing a housing 300 with an unbroken wall 310 against the flow tube
(indicated with arrows).

[0066] Referring to Fig.3b, the wall 310 includes a first area 320 wherein a dedicated noise
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level sensor in terms of an ultrasonic transducer T3 is arranged. The wall further includes a
second area 330 surrounding the first area 320. In the shown embodiment not part of the
invention, the thickness of the first area 320 is smaller than the thickness of the second area.
In another embodiment not part of the invention (not shown), the thickness of the first area
may be equal to are greater than the thickness of the second area. The first area provides an
acoustic window for the noise level sensor, configured for efficient pick-up of acoustic signals
from the flow tube or the fluid therein.

[0067] Fig. 3c illustrates a consumption meter embodiment not part of the invention wherein
the dedicated noise level sensor and the flow transducers are arranged in a housing mounted
on an unbroken flow tube. The dedicated noise level censor, such as an ultrasonic transducer
T3, is mounted with a surface facing the flow tube whereby the flow tube provides a coupling
surface between the noise level sensor and fluid flowing in the flow tube. Hereby a non-
invasive arrangement is provided and the sensor is protected from the fluid in the flow tube.

[0068] Fig. 3d illustrates a consumption meter embodiment not part of the invention wherein
the dedicated noise level sensor T3 and the flow transducers T1, T2 are arranged in a
sealable housing mounted on a flow tube provided with a number of openings 311. The sensor
and the transducers are mounted in sensor inserts 301 provided in a bottom part of the
housing. The sensor inserts 301 are protruding cavities constituted by a bottom wall 302 of the
housing. The housing is mounted in a fluid tightly manner on the flow tube, and gaskets or
other types of sealing elements (not shown) may be provided between the housing and the
flow tube. When the housing is mounted, the protruding cavities extend into the openings 311
in the flow tube. Hereby the bottom wall of the housing provides a coupling surface between
the noise level sensor and fluid flowing in the flow tube. In an alternative embodiment, the
noise level sensor and the flow transducers may be arranged in one or more common sensor
inserts extending into a corresponding number of openings in the flow tube.

[0069] The housing 300 is formed as a monolithic entity and the sensor inserts 301 are formed
monolithically with the housing 300 as protruding cavities constituting part of the bottom of the
housing. The monolithic cup-shaped housing may be cast in a material such a fiber-reinforced
polymer, e.g. fiber-reinforced polyphenylene sulphide (PPS). The flow tube 310 may be either
made from a polymeric material or formed in metal, such as a brass alloy or stainless steel.

[0070] Fig. 4 illustrates a segmented ultrasonic transducer 400 to be used with the
consumption meter according to the invention. The transducer 400 has a first transducer
segment 410, which is a first electrode, and which is circular and arranged at the centre of the
surface of a transducer base area. In addition, the transducer 400 has a second transducer
segment 420, which is a second electrode, and which is annular and encircling the first
transducer segment 410 on the transducer surface. The counter electrode 430, which is
counter electrode for both of the first and second electrodes, is arranged at the lateral area of
the transducer body.

[0071] The first electrode 410 may be operated by a flow measurement sub-circuit (not shown)
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for flow measurements, whereas the second electrode 420 may be operated by a noise
measurement sub-circuit (not shown) for noise measurements.

[0072] Fig. 5a and 5b illustrate acoustic signals from a steel pipe as recorded with the
consumption meter according to the invention with (Fig. 5a) and without (Fig. 5b) a leak with
the pipe, respectively.

[0073] The consumption meter of Fig. 2 was applied onto a 5.08 cm (2") steel pipe, and
acoustic signals where recorded in the frequency range 0-1.54 kHz during a measurement
window of 1 second.

[0074] A significant acoustic signal is observed below approx. 500 Hz in the case with the leak
(Fig. 5a), which signal is absent in the absence of the leak (Fig. 5b). This signal indicates the
existence of the leak.

[0075] Fig. 6a and 6b illustrate acoustic signals from a plastic pipe as recorded with
consumption meter according to the invention with (Fig. 6a) and without (Fig. 6b) a leak with
the pipe, respectively.

[0076] The consumption meter of Fig. 2 was applied onto a 2.54 cm (1") plastic (PEM) pipe,
and acoustic signals where recorded in the frequency range 0-1.54 kHz during a measurement
window of 1 second.

[0077] A significant acoustic signal is observed below approx. 500 Hz in the case with the leak
(Fig. 6a), which signal is absent in the absence of the leak (Fig. 6b). This signal indicates the
existence of the leak.

[0078] Fig. 7 illustrates a system embodiment, where a plurality of consumption meters in
terms of water meters W_M are mounted spatially distributed to measure water consumed by
respective consumers connected to a water utility network U_N, which all comprise a control
circuit arranged to operate a sensor for detection of acoustic signals of the flow tube, such as
described in the foregoing. The water meters W_M all have communication means in the form
of radio modules capable of transmitting data representing a noise level of the flow tube in
response to the signal indicative of noise level of the flow tube. Further, the radio modules are
capable of transmitting data representing a consumed amount of water from the utility network
U_N. Along with said data, the individual water meter W_M preferably transmit a unique
identification code, to allow billing of the individual consumers in accordance with the
consumed amount of water.

[0079] A main collector, e.g. located at the utility provider, comprises a communication module
CM arranged to receive said data representing the noise level of the flow tube from the
plurality of water meters, and data representing a consumed amount of water, preferably along
with a unique identification code to identify the individual water meter, which has transmitted
the data. The noise level data NL_D are provided to a data processor DP, e.g. a server,
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arranged to monitor said data NL_D representing the noise level from the water meters in the
utility network, and to determine a measure of fluid leakage in the utility network accordingly. In
Fig. 7, a leak is indicated at a specific location on the pipe system of the utility network U_N.
Stars are used to indicate water meters where higher than usual noise levels are sensed. The
data processor may execute a leakage-monitoring algorithm that monitors the noise level data
NL_D to allow early detection of leaks. E.g. by comparing observed noise level data NL_D with
normally observed noise level data NL_D from the same water meters, e.g. in specific
frequency bands, it will be possible to detect increased noise from a leak by water meters
located near the leak, e.g. the ones indicated in Fig. 7 with stars. This allows the utility provider
to locate a pipe damage and take action at an early stage after a leakage has occurred.

[0080] Based on data representing the noise level from the water meters, the data processor
DP may be arranged to determine a position of a fluid leakage in the utility network U_N in
response to said noise level data NL_D and information regarding individual positions of the
consumption meters in the utility network. Especially, identification codes allow the data
processor to identify physical positions of the water meters, and by means of applying a
triangulation algorithm to the noise level data NL_D and the known positions of their origins,
the position of a possible leakage may be identified.

[0081] Fig. 8 illustrates the same system as in Fig. 7, but for a different leak position in the
pipe system. Again, stars indicate water meter where an increase in noise level is sensed, j.e.
water meters located in the pipe system near the leak.

[0082] It is to be understood that in such systems, the noise level data NL_D transmitted by
the water meter may have different complexity, depending on the amount of processing power
in the water meters. E.g., the processing power may allow for a calculation of at least one
statistical parameter, which can be transmitted. E.g., a pre-processing in the water meter may
allow the individual water meters themselves to monitor for unusual noises, e.g. by comparing
with registered noise levels over a long period of time. In such cases, not only noise level data
but also an alarm signal may be transmitted from the water meter in case a predetermined
noise level parameter exceeds a predetermined threshold, e.g. a threshold calculated by the
individual water meter in response to noise levels registered over a long period of time.

[0083] It is to be understood that the noise level data NL_D may comprise average noise level
data, e.g. one overall value, or split up into frequency bands, e.g. 1/1 octave bands. The noise
level data NL_D may further comprise other parameters, such as peak values and/or a level
exceeded in N percent of the time, or still other values determined in response to sensed
acoustic signals. The noise level data NL_D may be transmitted at regular time intervals, e.g.
along with data representing a consumed amount of the utility, and/or the noise level data
NL_D may be requested from the main collector. Especially, it may be desirable to monitor
noise level data NL_D obtained at specific time intervals, e.g. during nighttime, where only few
noise disturbing events on the utility network U_N are expected.

[0084] Further, in addition to the noise level data NL_D the data processor may be arranged to
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receive further additional measured data from the plurality of water meters, and to take into
account such additional data in determining the measure of fluid leakage in the utility network
accordingly. Such additional data may comprise one or more of. data representing a flow rate,
data representing a pressure, data representing a temperature, and the data representing the
consumed amount of the utility. As an example, an increased sensitivity to leakages may be
obtained, if the data processor is arranged to correlate flow rate data and/or consumed
amount of the utility with the noise level data NL_D, thereby monitoring for locations with an
increase in noise level as well as an increase in a consumed amount of the utility and/or
measured flow rate. Even more data can be used, such as a decrease in pressure, which may
further serve as an indicator of a leakage.

[0085] Fig. 9 shows an embodiment according to the invention of a method of measuring a
flow rate of a fluid supplied in a flow tube by means of a consumption meter. The method
comprises operating first and second ultrasonic transducers O_T1_T2 by means of a flow
measurement sub-circuit to transmit and receive ultrasonic signals through fluid flowing in a
flow tube. Next, generating G_FR by means of the flow measurement sub-circuit a signal
indicative of flow rate of the fluid. Next step is operating a noise level sensor O_T3 for
detection of acoustic signals of the flow tube or the fluid therein by means of a noise
measurement sub-circuit. In response, generating G_NL by means of the noise measurement
sub-circuit a signal indicative of noise level of the flow tube, and finally transmitting T_FR_NL
by means of a communication module in the consumption meter data indicative of the flow rate
and data indicative of the noise level of the flow tube. Especially, the flow measurement sub-
circuit operates the first and second ultrasonic transducers during a first operation time period,
and wherein the noise measurement sub-circuit operates the sensor for detection of acoustic
signals of the flow tube during a second operation time period. The first and second operation
time periods may be non-overlapping.

[0086] To sum up, the invention provides a consumption meter, e.g. a water or heat meter, for
measuring a flow rate of a fluid supplied in a flow tube. First and second ultrasonic transducers
are arranged at the flow tube for transmitting and receiving ultrasonic signals transmitted
through the fluid and operated by a flow measurement sub-circuit for generating a signal
indicative of the flow rate of the fluid. A noise measurement sub-circuit operates a sensor
arranged at the flow tube for detection of acoustic signals of the flow tube, and being arranged
to generate a signal indicative of a noise level of the flow tube accordingly. This sensor is
constituted by one or both of the first and second ultrasonic transducers. The consumption
meter may communicate data representative of the noise level via a communication module,
along with data consumed amount of water, heat etc. Such consumer noise level
measurement at the consumer site allows collection of noise level data to assist in locating fluid
leakages in a fluid supply pipe system.

[0087] Although the present invention has been described in connection with the specified
embodiments, it should not be construed as being in any way limited to the presented
examples. The invention can be implemented by any suitable means; and the scope of the
present invention is to be interpreted in the light of the accompanying claim set.
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Patentkrav

1. Forbrugsmaler indrettet til at male en flowhastighed af en vaeske, hvilken
forbrugsmaler omfatter:
- et flowrgr med en gennemgadende &bning til passage af vasken mellem et
indlgb og et udigb,
- fgrste og anden ultralydstransducere (T1, T2) anbragt ved en vaeg i
flowrgret til at sende og modtage ultralydssignaler sendt gennem vaesken,
hvor flowrgret tilvejebringer en koblingsoverflade mellem
ultralydstransducererne og vaesken, som stremmer i flowrgret,
- et styrekredslgb som omfatter et flowmalingsunderkredslgb (CC1)
indrettet til at drive de fgrste og anden ultralydstransducere (T1, T2) og
indrettet til at generere et signal, som indikerer flowhastigheden (FR) af
vaesken ud fra de sendte og modtagne ultralydssignaler sendt gennem
vaesken,
kendetegnet ved, at
styrekredslgbet yderligere omfatter et stgjmalingsunderkredslgb (CC2) indrettet til
at generere et signal, som indikerer et stgjniveau (NL) af flowrgret eller af vaesken
deri via drift af mindst en af de fgrste og anden ultralydstransducere (T1, T2) til at
detektere akustiske signaler af flowrgret eller af vaasken.

2. Forbrugsmaleren ifglge krav 1, hvor stgimalingsunderkredslgbet (CC2) omfatter
mindst en transimpedansforstaerker til omdannelsen af en strgm, som indikerer
stgjniveauet af flowrgret eller vaesken deri, til en spaending, som indikerer

stgjniveauet af flowrgret eller vaesken deri.

3. Forbrugsmaleren ifglge et hvilket som helst af de foregadende krav, hvor bade
den fgrste og den anden ultralydstransducer (T1, T2) drives til at detektere de
akustiske signaler af flowrgret eller af vaesken deri, hvor den farste
ultralydstransducer (T1) er en fgrste piezo-elektrisk transducer omfattende et
fgrste piezo-elektrisk element med en fgrste polariseringsretning, og hvor den
anden ultralydstransducer (T2) er en anden piezo-elektrisk transducer omfattende
et andet piezo-elektrisk element med en anden polariseringsretning modsat den

fgrste polariseringsretning.
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4. Forbrugsmaleren ifglge krav 3, hvor stgjmalingsunderkredslgbet (CC2) omfatter
en fgrste transimpedansforsteerker forbundet med den fgrste ultralydstransducer
(T1) til omdannelsen af en fgrste strgm, som indikerer stgjniveauet af flowrgret
eller af vaasken deri, til en fgrste spaending, som indikerer stgjniveauet af
flowrgret eller vaesken deri, og en anden transimpedansforstaerker forbundet med
den anden ultralydstransducer (T2) til omdannelsen af en anden strgm, som
indikerer stgjniveauet af flowrgret eller af vaesken deri, til en anden spanding,
som indikerer st@gjniveauet af flowrgret eller vaesken deri, og hvor
stgjmalingsunderkredslgbet (CC2) yderligere omfatter en differentialforstaerker til
forsteerkning af forskellen mellem de fgrste og anden spaendinger, som indikerer
stgjniveauet af flowrgret eller vaesken deri for at generere signalet, som indikerer

stgjniveauet (NL) af flowrgret eller af vaesken deri.

5. Forbrugsmaleren ifglge et hvilket som helst af kravene 3 og 4, hvor den mindst
ene af de fgrste og anden ultralydstransducere (T1, T2) omfatter et fgrste
transducersegment og et andet transducersegment, hvor det fagrste transducer-
segment drives af flowmalingsunderkredslgbet (CC1) til at generere signalet, som
indikerer flowhastigheden af vaesken, og det andet segment drives af
stgjmalingsunderkredslgbet (CC2) til detektering af akustiske signaler af flowrgret
eller af vaesken deri.

6. Forbrugsmaleren ifglge et hvilket som helst af de foregaende krav, hvor
genereringen af signalet, som indikerer stgjniveauet (NL) af flowrgret eller af
vaesken deri omfatter bandpasfiltrering af det akustiske signal for at fjerne
akustiske signaler uden for frekvensomradet 10-500Hz.

7. Fremgangsmade til maling af en flowhastighed af en vaeske ved hjzelp af en
forbrugsmaler ifglge et hvilket som helst af de foregaende krav, hvilken
fremgangsmade omfatter:
- ved hjzelp af flowmalingsunderkredsigbet (CC1) at drive de fgrste og
anden ultralydstransducere (T1, T2) for at sende og modtage
ultralydssignaler gennem vaesken i flowrgret
- ved hjaelp af flowmalingsunderkredslgbet (CC1) at generere signalet, som
indikerer flowhastigheden (FR) af vaesken,
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- ved hjeelp af stgjmalingsunderkredslgbet (CC2) at drive mindst en af de
fgrste og anden ultralydstransducere for at detektere akustiske signaler af
flowrgret eller af vaesken deri, og

- ved hjzelp af stgjmalingsunderkredslgbet (CC2) at generere signalet, som
indikerer stgjniveauet (NL) af flowrgret eller af vaesken deri.

8. Fremgangsmaden ifglge krav 7, hvor flowmalingsunderkredslgbet (CC1) drives
under en fgrste tidsperiode, og stgimalingsunderkredslgbet (CC2) drives under en
anden tidsperiode, og hvor de fgrste og anden tidsperioder er ikke-overlappende
tidsperioder.

9. System omfattende et flertal af forbrugsmalere ifglge et hvilket som helst af de
foregdende krav 1-6, hvor flertallet af forbrugsmalere er indrettet rumligt fordelt
pa forbrugssteder i et forsyningsnetvaerk, hvor hvert af flertallet af forbrugsmalere
yderligere omfatter kommunikationsorganer indrettet til at sende data, som
repraesenterer stgjniveauet af flowrgret eller af vaasken deri, og hvor systemet
omfatter en hovedsamler indrettet til at modtage naevnte data, som
repraesenterer stgjniveauet af flowrgret eller vaesken deri fra flertallet af
forbrugsmalere, og en dataprocessor indrettet til at bearbejde naevnte data, som
repraesenterer stgjniveauet fra flertallet af forbrugsmalere i forsyningsnetvaerket,
og til at bestemme et udtryk for en position af en vaeskelaekage i forsynings-
netvaerket pa baggrund af naevnte data og information vedrgrende individuelle
positioner af hvert af flertallet af forbrugsmalere i forsyningsnetvaerket.
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