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Fig. 1 
(57) Abstract: Method and corresponding device for determining a flow speed in a fluid conduit. The fluid conduit is provided with 
first, second and third ultrasonic transducers, wherein respective connection lines between transducers extend outside of a symmetry 

f4 axis of the fluid conduit. First and second measuring signals are applied to the first ultrasonic transducer and received at the second 
and the third ultrasonic transducer, respectively. The measuring signals comprise a respective reversed signal portion with respect to 
time of a response signal. Respective first and second response signals are measured and the flow speed is derived from at least one 
of the first and second response signals.
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IMPROVED BEAM SHAPING ACOUSTIC SIGNAL TRAVEL TIME FLOW METER 

The current application relates to flow meters, and in partic

ular to ultrasound travel time flow meters.  

5 

Various types of flow meters are currently in use for measur

ing a volume flow of a fluid, such as a liquid or a gas, 

through a pipe. Ultrasonic flow meters are either Doppler flow 

metres, which make use of the acoustic Doppler effect, or 

10 travel time flow meters, sometimes also called transmission 

flow meters, which make use of a propagation time difference 

caused by the relative motion of source and medium. The travel 

time is also referred to as time of flight or transit time.  

15 An ultrasonic travel time flow meter evaluates the difference 

of propagation time of ultrasonic pulses propagating in and 

against flow direction. Ultrasonic flow metres are provided as 

in-line flow meters, also known as intrusive or wetted flow 

meters, or as clamp-on flow meters, also known as non

20 intrusive flow meters. Other forms of flow meters include Ven

turi channels, overflow sills, radar flow meters, Coriolis 

flow meters, differential pressure flow meters, magnetic in

ductive flow meters, and other types of flow meters.  

25 When there are irregular flow profiles or open channels, more 

than one propagation path may be necessary to determine the 

average flow speed. Among others, multipath procedures are de

scribed in hydrometric standards such as IEC 41 or EN ISO 

6416. As a further application, ultrasonic flow meters are al

30 so used to measure flow profiles, for example with an acoustic 

Doppler current profiler (ADCP). The ADCP is also suitable for 

measuring water velocity and discharge in rivers and open wa

ters.
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It is an object of the present specification to provide an im

proved transit time flow meter and a corresponding computer

implemented method for measuring an average flow speed or a 

flow profile of a fluid in general, and in particular for liq

5 uids such as water or for gases.  

In a flow measurement device according to the present specifi

cation, sound transducers, e.g. in the form of piezoelectric 

elements, also known as piezoelectric transducers, are used to 

10 generate and to receive a test signal and a measuring signal.  

Alternative sound transmitters comprise lasers that excite a 

metal membrane or other light absorbing surface to vibrations, 

or coil driven loudspeakers. One can also produce pressure 

15 waves in other ways. The receiver side can also be represented 

by other means that are different from piezoelectric transduc

ers, but detect ultrasonic waves.  

Although the term "piezoelectric transducer" is used often in 

20 the present description, it stands also for other sound wave 

transducers that produce or detect ultrasonic waves.  

A measuring signal according to the present specification can 

be modelled by a matched filter. If a sharply peaked impulse 

25 is used as a probe or test signal, the received signal at the 

transducer is the impulse response of a conduit or channel of 

the fluid. According to the present application, an inverted 

version of the impulse response with respect to time is sent 

back through the same channel as a measuring signal, either in 

30 the reverse direction or in the same direction. This results 

in a signal with a peak at the origin, where the original 

source was, or in a signal with a peak at the original receiv

er, respectively.
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The inversion with respect to time can be achieved in several 

ways. If analogue means are used for recording the response 

signal, one could play the recorded response signal in a re

verse mode. If digital means are used for recording samples of 

5 the response signal, then the order of the recorded samples is 

reversed in order to obtain the inverted signal. This can be 

achieved by inverting the values of the time stamps of each 

recorded sample, by multiplying the respective time value with 

(-1). If played according to an ascending order of the time 

10 stamp values, the recorded samples are played in a reverse or

der. In other words, the inverted response signal is the rec

orded response signal, but played backwards.  

An ultrasonic flow meter according to the present specifica

15 tion provides a focusing property by using the above mentioned 

inverted signal, or a similarly shaped signal, for an ultra

sonic flow meter to form a response signal, which is both con

centrated in space and time. This in turn leads to a higher 

amplitude at a receiving piezoelectric element and a better 

20 signal to noise ratio.  

With an ultrasonic flow meter according to the present speci

fication, focusing and beam forming properties can be obtained 

under very general conditions. For example, a focusing proper

25 ty is obtained even when only one ultrasound transmitter is 

excited and even when the inverted signal is reduced to a sig

nal that is only coarsely digitized in the amplitude range, if 

the time resolution of the inverted signal is sufficient. Fur

thermore, a flow meter according to the present specification 

30 can be used with clamp-on transducers, which are easy to posi

tion on a pipe and do not require modifications of the pipe.  

In an ultrasonic flow meter according to the present specifi

cation, technical features that ensure a good coupling and di-
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rectionality of clamp-on transducers and to reduce scattering 

may not be necessary or, on the contrary, it may even improve 

the beam forming characteristic to omit them. In order to pro

vide an increased scattering, a coupling material may be se

5 lected that is adapted to a refractive index of the liquid or 

transducers and transducer couplings may be used, which pro

vide more shear waves.  

Preferentially, the frequency of sound waves that are used in 

10 a flow meter according to the specification is between > 20 

kHz and 2 MHz, which corresponds to an oscillation period of 

0.5 microseconds (ps) but it may even be as high as 800 MHz.  

In many cases, ultrasonic flow meters operate far above the 

hearing threshold with frequencies of several hundred kHz or 

15 higher. The frequency of transit time ultrasonic flow meters 

is typically in the kHz or in the MHz range.  

According to one aspect, the current specification discloses a 

computer implemented method for determining a flow speed of a 

20 fluid in a fluid conduit or channel, in particular in a pipe 

or tube, using a transmission time ultrasonic flow meter. In a 

preferred embodiment, "computer implemented" refers to an exe

cution on small scale electronic components such as micropro

cessors, ASICs, FPGAs and the like, which can be used in port

25 able or in compact stationary digital signal processing devic

es, which are generally of a smaller size than workstations or 

mainframe computers and which can be placed at a required lo

cation along a fluid pipe.  

30 In the following, the terms "channel", "conduit", "passage", 

etc. are used as synonyms. The subject matter of the applica

tion can be applied to all types of conduits for fluids inde

pendent of their respective shape and independent of whether 

they are open or closed. The subject matter of the application
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can also be applied to all types of fluids or gases, whether 

they are gases or liquids, or a mixture of both.  

Throughout the application, the term "computer" is often used.  

5 Although a computer includes devices such as a laptop or a 

desktop computer, the signal transmission and receiving can 

also be done by microcontrollers, ASICs, FPGAs, etc.  

Furthermore, a connection line between the transducers may be 

10 offset with respect to a centre of the fluid conduit in order 

to obtain a flow speed in a predetermined layer and there may 

be more than one pair of transducers. Furthermore, the measur

ing signal may be provided by more than one transducer and/or 

the response signal to the measuring signal may be measured by 

15 more than one transducer.  

A signal energy E of a signal s(t) in a time interval may be 

T2 IS t)1 
defined in terms of the expression E= fT dt~s(t)|2 or its dis

crete version E=XUmIs(i)2, wherein the time interval is given 

20 by [T1, T2] or [m*At, n*At], respectively.  

The leading portion of the measuring signal may contribute 

significantly to the production of a signal, which is peaked 

in space and time.  

25 

In some specific embodiments, the measuring signal or the re

sponse signal can be provided by an amplitude-modulated oscil

lating signal, which is digitized with respect to amplitude, 

e.g. with a resolution between 1 and 12 bit. This may provide 

30 benefits in terms of computation velocity and memory space and 

can even lead to an increased signal peak. In particular, the 

data shown in the Figures of the present specification have 

been obtained with 12 bit resolution, except for Figs. 30 -
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35, which have been obtained with a coarser resolution than 12 

bit.  

According to a further embodiment, the measuring signal that 

5 is applied to a transducer can comprise an oscillating signal 

that is modulated according to a 0-1 modulation providing ei

ther a predetermined amplitude or no amplitude, or, in other 

words a zero amplitude.  

10 According to a further aspect, a device for measuring a flow 

speed in a travel time ultrasonic flow meter is disclosed. The 

device comprises a first connector for connecting a first pie

zoelectric element, a second connector for connecting a second 

piezoelectric element, an optional digital to analog converter 

15 (DAC), which is connected to the first connector and an op

tional analog to digital converter (ADC), which is connected 

to the second connector.  

Furthermore, the device comprises a computer readable memory, 

20 an electronic timer or oscillator, a transmitting unit for 

sending an impulse signal to the first connector and a receiv

ing unit for receiving a response signal to the impulse signal 

from the second connector.  

25 The terms velocity of flow, flow velocity and flow speed are 

used as synonyms in the present application.  

While the device can be provided as an analog device without 

A/D and D/A converters and without a computer readable memory 

30 unit, it is also possible to provide the device or parts of it 

with a digital computer system.  

In particular, the various signal processing units, such as 

the velocity-processing unit, the selection unit and the in-
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verting unit may be provided entirely or partially by an ap

plication specific electronic component or by a program memory 

with a computer readable instruction set. Similarly, the meas

uring signal generator and an impulse signal generator of the 

5 transmitting unit may be provided entirely or partially by an 

application specific electronic component, which may comprise 

a computer readable instruction set.  

According to a further embodiment, the device comprises a di

10 rect digital signal synthesizer (DDS) that comprises the 

abovementioned ADC. The DDS comprises a frequency control reg

ister, a reference oscillator, a numerically controlled oscil

lator and a reconstruction low pass filter. Furthermore, the 

ADC is connectable to the first and to the second connector 

15 over the reconstruction low pass filter.  

Furthermore, the current specification discloses a flow meas

urement device with a first piezoelectric transducer that is 

connected to the first connector, and with a second ultrasonic 

20 transducer, such as piezoelectric transducer, that is connect

ed to the second connector. In particular, the ultrasonic 

transducers, such as piezoelectric transducers may be provided 

with attachment regions, such as a clamping mechanism for at

taching them to a pipe.  

25 

Furthermore, the current specification discloses a flow meas

urement device with a pipe portion. The first ultrasonic 

transducer, such as piezoelectric transducer is mounted to the 

pipe portion at a first location and the second ultrasonic 

30 transducer, such as piezoelectric transducer is mounted to the 

pipe portion at a second location. In particular, the trans

ducers may be clamped to the pipe portion. Providing the de

vice with a pipe portion may provide benefits when the device 

is pre-calibrated with respect to the pipe portion.
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The device can be made compact and portable. A portable device 

according to the present specification, which is equipped with 

surface mountable transducers, such as clamp-on transducers, 

5 can be used to check a pipe on any accessible location. In 

general, the device may be stationary or portable. Preferen

tially, the device is sufficiently compact to be placed at a 

required location and sufficiently protected against environ

mental conditions, such as humidity, heat and corrosive sub

10 stances.  

Moreover, the current specification discloses a computer read

able code for executing a flow measurement method according to 

the present specification, a computer readable memory compris

15 ing the computer readable code and an application specific 

electronic component, which is operable to execute the method 

steps of a method according to the current specification.  

In particular, the application specific electronic component 

20 may be provided by an electronic component comprising the 

abovementioned computer readable memory, such as an EPROM, an 

EEPROM a flash memory or the like. According to other embodi

ments, the application specific electronic component is pro

vided by a component with a hard-wired or with a configurable 

25 circuitry such as an application specific integrated circuit 

(ASIC) or a field programmable gate array (FPGA).  

In a further embodiment, an application specific electronic 

component according to the current specification is provided 

30 by a plurality of interconnected electronic components, for 

example by an FPGA, which is connected to a suitably pro

grammed EPROM in a multi-die arrangement. Further examples of 

an application specific electronic component are programmable
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integrated circuits such as programmable logic arrays (PLAs) 

and complex programmable logic devices (CPLDs).  

It is helpful to determine whether an off-the-shelf test de

5 vice is measuring a flow speed of a fluid in a fluid conduit 

according to present application. To this purpose, one pro

vides the fluid conduit with a fluid that has a pre-determined 

velocity with respect to the fluid conduit. A test impulse 

signal is applied to a first ultrasonic transducer, such as 

10 piezoelectric transducer of the test device, the first piezoe

lectric transducer being mounted to the fluid conduit at a 

first location, followed by receiving a test response signal 

of the test impulse signal at a second piezoelectric transduc

er of the test device, the second ultrasonic transducer, such 

15 as piezoelectric transducer being mounted to the fluid conduit 

at a second location.  

Furthermore, the present specification discloses a computer

implemented method for determining a flow speed of a fluid in 

20 a fluid conduit using pre-determined measurement signals in an 

arrangement with three or more ultrasonic transducers. The 

pre-determined signals comprise a first measuring signal and a 

second measuring signal.  

25 A fluid conduit is provided with a fluid that has a predeter

mined velocity with respect to the fluid conduit. Furthermore, 

the fluid conduit is provided with a first ultrasonic trans

ducer, a second ultrasonic transducer and a third ultrasonic 

transducer. In particular, the second transducer and the third 

30 transducer can be placed at a distance with respect to the 

first transducer and with respect to a longitudinal direction 

of the conduit.
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The transducers are arranged such that respective connection 

lines between the first ultrasonic transducer, the second ul

trasonic transducer and the third ultrasonic transducer extend 

outside of a symmetry axis of the fluid conduit. In particu

5 lar, the connection line can be offset by 5% or more or by 10 

% or more with respect to a mean diameter of the conduit or 

with respect to a mean radius of the conduit.  

For example, a mean radius of the conduit can be defined with 

10 respect to a reference point on the symmetry axis as 

f Irldp or as -fr2dp etc.  

A first pre-determined measuring signal is applied to the 

first ultrasonic transducer, and a first response signal of 

15 the first pre-determined measuring signal received at the sec

ond ultrasonic transducer is measured, for example by detect

ing a voltage emitted by the second ultrasonic transducer.  

Likewise, a second pre-determined measuring signal is applied 

20 to the first ultrasonic transducer and a second response sig

nal of the second pre-determined measuring signal received at 

the third ultrasonic transducer is measured.  

The first pre-determined measuring signal and the second pre

25 determined measuring signal respectively comprise a reversed 

signal portion with respect to time of a response signal of a 

corresponding impulse signal or of a signal derived therefrom.  

In particular, the respective measurement signal can be gener

30 ated from an impulse signal which is sent between the same 

pair of transducers as the measurement signal. The generation 

of the measurement signal can be carried out by an actual 

measurement, by a simulation or by a combination of both.
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The measurement signal can be sent in the same direction or in 

the reverse direction as the impulse signal from which it is 

generated. In particular, if the fluid is moving with respect 

5 to the conduit during the calibration process by which the 

measurement signal is generated from the impulse signal, it 

can be advantageous for reasons of stability to send the meas

urement signal in the same direction as the impulse signal.  

10 In other words, in a measurement phase the sequence of sending 

transducer and receiving transducer can be the same as in a 

preceding calibration phase for generating the measurement 

signal or, alternatively, it can be reversed by using the pre

viously sending transducer as a receiving transducer and the 

15 previously receiving transducer as a sending transducer.  

In general, the first measuring signal is adapted to a trans

mission channel or path that is different from a transmission 

channel of the second measuring signal. Thereby, the first 

20 measuring signal and the second measuring signal are in gen

eral different from each other. Furthermore, a measurement 

signal obtained by sending an impulse signal from a first 

transducer to a second transducer is in general different from 

a measurement signal obtained by sending the impulse signal in 

25 the reverse direction from the second transducer to the first 

transducer.  

In general the signal propagation of the pressure signal be

tween the sending and the receiving transducer does not only 

30 comprise a straight propagation, but may also comprise one or 

more reflections at a conduit wall and/or scattering processes 

within the pipe wall.
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In particular, the abovementioned method can be used in a time 

of flight (TOF) flow measurement. For the TOF measurement, the 

steps of applying the first measuring signal and measuring a 

corresponding response signal and of applying the second meas

5 uring signal and measuring a corresponding response signal are 

repeated in a reverse direction to obtain corresponding first 

reverse direction and second reverse direction response sig

nals.  

10 As explained above, performing the measurement "in reverse di

rection" refers to carrying out the measurement steps such 

that the roles of the respective transducers are exchanged, or 

in other words, such that the previously sending transducer is 

used as a receiving transducer and the previously receiving 

15 transducer is used as a sending transducer.  

Thus, if a first measurement comprises sending a measurement 

signal in a flow direction of the fluid in the sense that the 

measurement signal has a velocity component in direction of 

20 the fluid flow then the corresponding measurement "in reverse 

direction" comprises sending the measurement signal against 

the flow direction of the fluid.  

The first response signal and the second response signal to 

25 the respective first measurement signal and second measurement 

signal are used to derive one or more flow speeds of the flu

id. In particular, the first response signal can be used to 

determine a flow speed in a fluid layer which comprises the 

connection line between the first transducer and the second 

30 transducer, and the second response signal can be used to de

termine a flow speed in a fluid layer which comprises the con

nection line between the first transducer and the third trans

ducer.
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According to a further embodiment, which is suitable for a 

time of flight measurement a first pre-determined reverse di

rection measuring signal is applied to the second ultrasonic 

transducer, and a first reverse direction response signal of 

5 the first reverse direction measuring signal at the second ul

trasonic transducer is measured.  

Similarly, a second reverse direction measuring signal is ap

plied to the third ultrasonic transducer and a second reverse 

10 direction response signal of the second measuring signal re

ceived at the first ultrasonic transducer is measured.  

The first reverse direction measuring signal and the second 

reverse direction measuring signal respectively comprise a re

15 versed signal portion with respect to time of a response sig

nal of a corresponding impulse signal or of a signal derived 

therefrom. 'Corresponding impulse signal' refers to an impulse 

signal that is sent between the same pair of transducers as 

the corresponding measurement signal.  

20 

A flow speed of the fluid is derived from at least one of the 

first response signal, the first reverse direction response 

signal, the second response signal and the second reverse di

rection response signal. In particular, the first response 

25 signal and the first reverse direction response signal can be 

used to derive a flow speed using a time of flight method.  

Similarly, the second response signal and the second reverse 

direction response signal can be used to derive a flow speed 

using a time of flight method.  

30 

In a further embodiment, which also uses a measurement signal 

traveling from the second transducer to third transducer in 

the abovementioned arrangement of three transducers, the meas

urement comprises furthermore the following steps.
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A third measuring signal is applied to the second ultrasonic 

transducer and a third response signal of the second measuring 

signal at the third ultrasonic transducer is measured.  

5 Similar to the abovementioned embodiments, the third pre

determined measuring signal comprises a reversed signal por

tion with respect to time of a response signal of a corre

sponding impulse signal or of a signal derived therefrom.  

10 At least one flow speed of the fluid is derived from the third 

response signal. For the purpose of determining the at least 

one flow speed, the first response signal, the first reverse 

direction response signal, the second response signal and the 

second reverse direction response signal may be used as well.  

15 

In a further embodiment, which is suitable for determining a 

flow speed in fluid layer between the second transducer and 

the third transducer using a time of flight method, the method 

comprises furthermore the following steps.  

20 

A third reverse direction measuring signal is applied to the 

third ultrasonic transducer and a third reverse direction re

sponse signal of the third reverse direction measuring signal 

received at the second ultrasonic transducer is measured.  

25 

Similarly to the abovementioned embodiments, the third reverse 

direction measuring signal comprises a reversed signal portion 

with respect to time of a response signal of a corresponding 

impulse signal or of a signal derived therefrom.  

30 

At least one flow speed of the fluid from is derived from the 

third response signal and the third reverse direction response 

signal. For the purpose of determining the at least one flow 

speed, the first response signal, the first reverse direction
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response signal, the second response signal and the second re

verse direction response signal may be used as well.  

According to a further computer implemented method, which is 

5 suitable for determining a flow speed in a fluid conduit with 

an arrangement of at least two clamp-on transducers, the fluid 

conduit is provided with a fluid that has a predetermined ve

locity with respect to the fluid conduit.  

10 Furthermore, the fluid conduit is provided with a first ultra

sonic clamp-on transducer and a second ultrasonic clamp-on 

transducer. Preferentially, the second ultrasonic clamp-on 

transducer is offset with respect to the first ultrasonic 

clamp-on transducer in a longitudinal direction of the con

15 duit.  

The clamp-on transducers are arranged such that a straight 

connection line between the first ultrasonic clamp-on trans

ducer and the second ultrasonic clamp-on transducer extends 

20 outside of a symmetry axis of the fluid conduit. In particu

lar, the connection line may be offset with respect to the 

symmetry axis by 5% or more, or by 10% or more relative to a 

mean diameter or relative to a mean radius of the conduit.  

25 A pre-determined measuring signal is applied to the first ul

trasonic clamp-on transducer and a response signal of the 

measuring signal received at the second ultrasonic clamp-on 

transducer is measured.  

30 Similar to the abovementioned embodiment the pre-determined 

measuring signal comprises a reversed signal portion with re

spect to time of a response signal of a corresponding impulse 

signal or of a signal derived therefrom. A flow speed of the 

fluid is derived from the response signal.
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Similar to the abovementioned embodiments, the measurement 

phase can also comprise sending measurement signals in the re

verse direction. In particular, the method may comprise apply

5 ing a pre-determined reverse direction measuring signal to the 

second ultrasonic clamp-on transducer and measuring a reverse 

direction response signal of the reverse direction measuring 

signal at the second ultrasonic clamp-on transducer.  

10 Similar to the abovementioned embodiment the reverse direction 

measuring signal comprises a reversed signal portion with re

spect to time of a response signal of a corresponding impulse 

signal or of a signal derived therefrom. A flow speed of the 

fluid is derived from the response signal and from the reverse 

15 direction response signal, in particular by using a time of 

flight method.  

The measurement methods for the abovementioned arrangement of 

at least three ultrasonic transducers, which may be provided 

20 as wet transducers or as clamp-on transducers, apply in like

wise manner also to corresponding arrangements of clamp-on 

transducers.  

Clamp-on transducers may provide particular advantages in the 

25 context of concentrating an acoustic signal at a specific lo

cation on the conduit, which is also referred to as "beam 

shaping". By making use of an interaction with the conduit 

and, optionally, also with coupling pieces the sound waves of 

the clamp-on transducers can be spread to a wider angle or in 

30 more directions as compared to wet transducers. The coupling 

pieces allow to direct the acoustic waves in accordance with 

Snell's law but also help to generate more modes and scatter

ing.
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An inversion with respect to time according to the present 

specification can then be used to generate a measuring signal 

that adds the various signal components traveling along dif

ferent paths by superposition, and thereby leads to a higher 

5 signal amplitude at a specific location of the conduit where a 

receiving transducer can be placed.  

The below mentioned modifications relating to repeated meas

urements and a digitization step in the generation of the 

10 measurement signal can be applied to all arrangements of 

transducers according to the present specification.  

In the abovementioned embodiments, the steps of applying an 

impulse signal and receiving a corresponding response signal 

15 are repeated multiple times and a plurality of response sig

nals is obtained. In particular, the repeated measurements may 

refer to a given combination of two transducers. The respec

tive measuring signal, such as the first and the second meas

urement signal, is then derived from an average of the re

20 ceived response signals.  

In particular, the derivation of the respective measuring sig

nal in the abovementioned embodiments may comprise digitizing 

the corresponding response signal or a signal derived there

25 from with respect to amplitude. According to one embodiment, 

steps of varying a bit resolution of the respective measuring 

signal and measuring a response signal to that measuring sig

nal are repeated until a measuring signal is found which gen

erates the response signal with the highest maximum amplitude.  

30 The measuring signal with the corresponding bit resolution is 

then selected as measuring signal.  

According to one particular embodiment, the bit-resolution of 

the digitized signal is increased for increasing an amplitude
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of a response signal to the respective measuring signal, such 

as the first and second measuring signal. By way of example, 

the bit resolution is increased in pre-determined steps, and 

the bit resolution which produces the response signal with the 

5 highest amplitude is selected and a corresponding representa

tion of a measurement signal is stored in computer memory.  

According to another particular embodiment, the bit-resolution 

of the digitized signal is decreased or reduced for increasing 

10 an amplitude of a response signal to the respective measuring 

signal. By way of example, the bit resolution is decreased in 

pre-determined steps, the bit resolution which produces the 

response signal with the highest amplitude is selected and a 

corresponding representation of a measurement signal is stored 

15 in computer memory.  

In particular, the bit resolution of the digitized signal with 

respect to the amplitude can be chosen as a low bit resolu

tion. For example, the low resolution may be between a 1 bit 

20 and an 8 bit resolution or it may be between a 1 bit resolu

tion and a 64 bit resolution.  

According to one specific embodiment, at least one of the re

sponse signals to the measurement signals is processed for de

25 termining a change in the wall thickness of the conduit or for 

determining material characteristics of the conduit walls by 

determining longitudinal and transversal sound wave character

istics. For example, the transverse and longitudinal waves 

characteristics may be derived from corresponding portions of 

30 the receiving or response signal, which corresponds to differ

ent times of arrival of the acoustic waves.  

According to a further embodiment, the method comprises a pri

or calibration, in which the respective measuring signals are
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generated from the response signal to an impulse signal. The 

calibration may be carried out in a factory setting or also 

during operation of the method. The below mentioned calibra

tion can be applied in likewise manner to all combinations of 

5 pairs of two transducers and the calibration may be carried 

out in one direction only with respect to a pair of transduc

ers or in both directions with respect to the pair of trans

ducers. In the former case, one measurement signal is obtained 

for the pair of transducers and in the latter case, two meas

10 urement signals are obtained for the pair of transducers.  

During the calibration phase, the fluid conduit is provided 

with a fluid which is at rest relative to the fluid conduit or 

which is moving with a predetermined velocity relative to the 

15 fluid conduit.  

A first impulse signal is applied to the second ultrasonic 

transducer, and a first response signal of the first impulse 

signal is received at the first ultrasonic transducer.  

20 

Similarly, a second impulse signal is applied to the third ul

trasonic transducer and a second response signal of the at 

least one impulse signal is received at the first ultrasonic 

transducer.  

25 

The first measuring signal is derived from the first response 

signal and the second measuring signal is derived from the 

second response signal.  

30 The derivation of the respective first and second measuring 

signals comprises selecting a signal portion of the respective 

first and second response signals or of a signal derived 

therefrom and reversing the signal portion with respect to 

time.
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In other words, a portion of the first response signal is se

lected and is inverted or reversed with respect to time and 

the first measurement signal is generated using the inverted 

5 signal portion. Similarly, a portion of the second response 

signal is selected and is inverted or reversed with respect to 

time and the second measurement signal is generated using the 

inverted signal portion.  

10 The first pre-determined measuring signal and the second pre

determined measuring signal for later use. As mentioned above, 

the same calibration process can be used for every combination 

of two transducers.  

15 In general, the calibration is carried out in the reverse di

rection as well to avoid or compensate for instabilities. De

pending on whether the calibration is performed under zero 

flow or non-zero flow conditions it can be advantageous to 

provide the calibration in both directions and to use each of 

20 the two generated measurement signals in either direction.  

In other words, if during the measurement process a first 

transducer is the sending transducer and a second transducer 

is the receiving transducer then the measurement signal may 

25 have been generated by sending an impulse signal from the 

first transducer to the second transducer or by sending the 

impulse signal from the second transducer to the first trans

ducer.  

30 A similar calibration process can be carried out for every 

pair of two transducers. In particular, the calibration pro

cess can be carried out in a similar manner for every pair of 

transducers of the abovementioned three-transducer arrangement 

comprising a first, second and third transducer.
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In the specific case of an arrangement of two or more clamp-on 

transducers, a calibration can be carried out by the following 

steps. A fluid conduit is provided with a fluid. The fluid has 

5 a predetermined velocity with respect to the fluid conduit in 

particular.  

An impulse signal is provided to the first ultrasonic clamp-on 

transducer or to the second ultrasonic clamp-on transducer.  

10 Then, a response signal of the impulse signal is received at 

the other one of the two ultrasonic transducers and the meas

uring signal is derived from the response signal. Similarly, 

the impulse signal can be provided at the second ultrasonic 

clamp-on transducer and the response signal can be received at 

15 the first ultrasonic clamp-on transducer.  

Herein, the derivation of the measuring signal comprising se

lecting a signal portion of the respective response signal or 

of a signal derived therefrom and reversing the signal portion 

20 with respect to time. The measuring signal is stored for later 

use during a measuring process, in particular for determining 

a flow velocity of the fluid.  

An impulse signal according to the present specification may 

25 refer to a single impulse signal. In general, an impulse sig

nal refers to a signal, which has a signal energy that is con

centrated over a short period of time. In a specific embodi

ment, the impulse signal extends over only a few oscillation 

periods of a carrier, such as 10 - 20 oscillation periods or 

30 less.  

In particular, an envelope of the impulse signal may have a 

rectangular shape, but other shapes are possible as well. For 

example, the impulse signal may correspond to a one-time peak
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or a single impulse, a short rectangular burst or to any other 

signal shape, such as a triangular saw-tooth shape, a rectan

gular wave, a chirp, a sine wave or a pre-determined noise 

burst, such as a white noise or a pink noise, which is also 

5 known as 1/f noise. The calibration method works with almost 

any signal shape of the impulse signal.  

In a further embodiment, a corresponding response signal is 

sent and received multiple times, thereby obtaining a plurali

10 ty of response signals and the respective measuring signal is 

derived from an average of the received response signals.  

In particular the derivation of the respective measuring sig

nal may comprise digitizing the corresponding response signal 

15 or a signal derived therefrom with respect to amplitude.  

As mentioned further above, the bit-resolution of the digit

ized signal is increased for increasing an amplitude of a re

sponse signal to the respective measuring signal. In one par

20 ticular embodiment, an amplitude of the response signal to the 

generated measuring signal is measured at a pre-determined lo

cation of the conduit for measurement signals corresponding to 

different bit-resolutions. The measurement signal with the 

highest amplitude is then selected and stored in memory for 

25 later use.  

A similar procedure can also be provided by decreasing the 

bit-resolution of the digitized signal until a response signal 

of the measurement signal is detected which has a high ampli

30 tude and the corresponding measurement signal is then stored 

in memory for later use.
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In particular, the bit resolution of the digitized signal with 

respect to the amplitude can be chosen as a low bit resolution 

such as a resolution between 1 and 10 bit.  

5 Furthermore, the present specification discloses a computer 

readable program code with computer readable instructions for 

executing one of the abovementioned flow measurement methods.  

Moreover, the present specification also discloses a computer 

readable memory with the computer readable program code and an 

10 application specific electronic component, which is operable 

to execute the abovementioned flow measurement method.  

Furthermore, the present specification discloses a device for 

measuring a flow speed of a fluid in a conduit having a three 

15 transducer arrangement. The device is operative to perform a 

travel time or time of flight flow measurement.  

The device comprises a first connector for connecting a first 

ultrasonic element, a second connector for connecting a second 

20 ultrasonic element, and a third connector for connecting a 

third ultrasonic element.  

Furthermore, the device comprises a transmitting unit for 

sending impulse signals and for sending measuring signals, a 

25 receiving unit for receiving response signals, and a pro

cessing unit. The transmitting unit, the receiving unit and 

the processing unit are provided for deriving a first measur

ing signal from a first inverted signal, for deriving a second 

measuring signal from a second inverted signal and for storing 

30 the first measuring signal and the second measuring signal.  

Similar to the abovementioned embodiments, the derivation of 

the inverted signal comprises reversing a signal portion of a



WO 2017/125781 PCT/IB2016/050218 

24 

response signal of a corresponding impulse signal or of a sig

nal derived therefrom with respect to time.  

The processing unit, the transmitting unit and the receiving 

5 unit are operative to apply the first pre-determined measuring 

signal to the first connector, and to receive a first response 

signal of the first measuring signal at the second connector.  

Furthermore, the processing unit, the transmitting unit and 

10 the receiving unit are operative to apply a second measuring 

signal to the first connector and to receive a second response 

signal of the second measuring signal at the third connector, 

and to derive a flow speed of the fluid from at least one of 

the first response signal and the second response signal.  

15 

Furthermore, the processing unit, the transmitting unit and 

the receiving unit can be operative to perform any of the oth

er measurement and calibration methods that are described 

above with respect to a three transducer arrangement of three 

20 transducers, which may be wet transducers or clamp-on trans

ducers.  

The application of a signal can comprise in particular re

trieving a stored signal from computer memory and generate a 

25 corresponding electric signal which is then transmitted to the 

transducer, in general by means of a cable. Furthermore, the 

processing unit is operative to derive a flow speed of the 

fluid from at least one of the first response signal and the 

second response signal.  

30 

In particular, the connectors, the transmitting unit, the re

ceiving unit and the processing unit can be provided by a 

travel time ultrasonic flow meter or a portion thereof, and in
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particular by a portable travel time ultrasonic flow meter or 

a portion thereof.  

In a further aspect, the present specification discloses a de

5 vice for measuring a flow speed of a fluid in a conduit in an 

arrangement with at least two clamp-on transducers. In partic

ular, 

The device comprises a first connector, a first ultrasonic 

10 clamp-on transducer which is connected to the first connector.  

Similarly, the device comprises a second connector and a sec

ond ultrasonic clamp-on transducer which is connected to the 

second connector.  

15 Furthermore, the device comprises a portion of a conduit, the 

first ultrasonic clamp-on transducer being mounted to the con

duit portion at a first location and the second ultrasonic 

clamp-on transducer being mounted to the conduit portion at a 

second location.  

20 

The clamp-on transducers are arranged such that respective 

connection lines between the first ultrasonic transducer, and 

the second ultrasonic transducer extend outside of a symmetry 

axis of the fluid conduit.  

25 

Similar to the abovementioned device, the device comprises a 

transmitting unit for sending impulse signals and for sending 

measuring signals, a receiving unit for receiving response 

signals and a processing unit for deriving a measuring signal 

30 from an inverted signal.  

Similar to the abovementioned embodiments, the inverted signal 

comprises a reversed signal portion with respect to time of a
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response signal of a corresponding impulse signal or of a sig

nal derived therefrom.  

The processing unit, the transmitting unit and the receiving 

5 unit are operative to apply the measuring signal to the first 

connector, to receive a response signal of the first (pre

determined) measuring signal at the second connector and to 

derive a flow speed of the fluid from the response signal.  

10 Furthermore, the processing unit, the transmitting unit and 

the receiving unit of the device can be operative to perform 

any of the other measurement and calibration methods that are 

described above with respect to an arrangement with a first 

clamp-on transducer and a second clamp-on transducer.  

15 

In a further embodiment, the device comprises a D/A converter, 

which is connected to the respective connectors, and an A/D 

converter, which is connected to the respective connectors.  

Furthermore, the device comprises a computer readable memory 

20 for storing the at least one measuring signal.  

According to a further embodiment, the device comprises a di

rect digital signal synthesizer, which comprises the ADC, a 

frequency control register, a reference oscillator, a numeri

25 cally controlled oscillator and a reconstruction low pass fil

ter. The ADC is connectable to the respective connectors over 

the reconstruction low pass filter.  

According to a further aspect, the current specification dis

30 closes a computer-implemented method for determining whether a 

given test device or device under test is measuring a flow 

speed of a fluid in a fluid conduit according to the abovemen

tioned measurement method. The test method does not provide a
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mathematical proof that the same method is used but a likeli

hood, which is sufficient for practical purposes.  

According to this method, the fluid conduit is provided with a 

5 fluid that has a pre-determined velocity with respect to the 

fluid conduit.  

The fluid conduit is provided with a first ultrasonic trans

ducer and a second ultrasonic transducer, which are mounted at 

10 at respective first and second locations.  

A test impulse signal is applied to the first ultrasonic 

transducer of the test device, and a test response signal of 

the test impulse signal is received at the second ultrasonic 

15 transducer of the test device.  

A first test measuring signal is derived from the first re

sponse signal, wherein the derivation of the first measuring 

signal comprises reversing the respective first or second re

20 sponse signal, or a portion thereof, with respect to time.  

The first test measuring signal is compared with a first meas

uring signal that is emitted at a transducer of the test de

vice. It is determined that the test device is using a method 

25 to determine a flow speed of a fluid in a fluid conduit ac

cording to one of the claim 1 to 5, if the first test measur

ing signal and the first measuring signal are similar.  

In particular, this method can be performed for every pair of 

30 transducers mentioned in one of the claims 1 to 5 and it is 

detected that the corresponding method is used if the obtained 

measuring signals are similar for every such pair of transduc

ers.
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Specifically, with respect to the method of claim 1 the corre

sponding test method can further comprise providing the fluid 

conduit with a third ultrasonic transducer, applying a test 

impulse signal to the first ultrasonic transducer of the test 

5 device or to the second ultrasonic transducer of the test de

vice, receiving a second test response signal of the test im

pulse signal at the at the third ultrasonic transducer of the 

test device, deriving a second test measuring signal from the 

second test response signal, and comparing the second test 

10 measuring signal with a second measuring signal that is emit

ted at a transducer of the test device.  

It is determined that the test device is using a method to de

termine a flow speed of a fluid in a fluid conduit according 

15 to claim 1, if the first test measuring signal and the first 

measuring signal are similar.  

The subject matter of the present specification is now ex

plained in further detail with respect to the following Fig

20 ures, wherein 

Fig. 1 shows a first flow meter arrangement with two piezo

electric elements, 

Fig. 2 shows the flow meter arrangement of Fig. 1, one di

25 rect signal and two scattered signals, 

Fig. 3 shows the flow meter arrangement of Fig. 1 when 

viewed in the direction of flow, 

Fig. 4 shows a second flow meter arrangement with four pie

zoelectric elements and four direct signals, 

30 Fig. 5 shows the flow meter arrangement of Fig. 4 when 

viewed in the direction of flow, 

Fig. 6 shows a schematic diagram of a test signal, 

Fig. 7 shows a schematic diagram of a test signal response, 

Fig. 8 shows a schematic diagram of an inverted signal,
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Fig. 9 shows a schematic diagram of a response from the in

verted signal, 

Fig. 10 shows a first inverted signal in high resolution, 

Fig. 11 shows a response of the inverted signal of Fig. 10, 

5 Fig. 12 shows a further inverted signal in high resolution, 

Fig. 13 shows a response of the inverted signal of Fig. 12, 

Fig. 14 shows a further inverted signal in high resolution, 

Fig. 15 shows a response of the inverted signal of Fig. 14, 

Fig. 16 shows a further inverted signal in high resolution, 

10 Fig. 17 shows a response of the inverted signal of Fig. 16, 

Fig. 18 shows a further inverted signal in high resolution, 

Fig. 19 shows a response of the inverted signal of Fig. 18, 

Fig. 20 shows a further inverted signal in high resolution, 

Fig. 21 shows a response of the inverted signal of Fig. 20, 

15 Fig. 22 shows a further inverted signal in high resolution, 

Fig. 23 shows a response of the inverted signal of Fig. 22, 

Fig. 24 shows a further inverted signal in high resolution, 

Fig. 25 shows a response of the inverted signal of Fig. 24, 

Fig. 26 shows a further inverted signal in high resolution, 

20 Fig. 27 shows a response of the inverted signal of Fig. 26, 

Fig. 28 shows a further inverted signal in 12-bit resolu

tion, 

Fig. 29 shows a response of the signal of Fig. 28, 

Fig. 30 shows a further inverted signal in 3-bit resolution, 

25 Fig. 31 shows a response of the signal of Fig. 30, 

Fig. 32 shows a further inverted signal in 2-bit resolution, 

Fig. 33 shows a response of the signal of Fig. 32, 

Fig. 34 shows a further inverted signal in 1-bit resolution, 

Fig. 35 shows a response of the signal of Fig. 34, 

30 Fig. 36 shows a short impulse at a piezoelectric element of 

the flow meter of Fig. 1, 

Fig. 37 shows a signal of a piezoelectric element of the 

flow meter of Fig. 1, which is derived from the in

verted response of the signal of Fig. 36,
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Fig. 38 shows a response of the signal of Fig. 37, 

Fig. 39 shows an upstream and a downstream cross correlation 

function, 

Fig. 40 shows a sectional enlargement of Fig. 39, 

5 Fig. 41 shows a response signal of an inverted signal for a 

12-degree misalignment against an opposite arrange

ment of piezoelectric elements, 

Fig. 42 shows a many-to-one sensor arrangement for a flow 

measurement according to the present specification, 

10 Fig. 43 shows a one-to-many sensor arrangement for a flow 

measurement according to the present specification, 

Fig. 44 shows a one-to-one sensor arrangement for a flow 

measurement in a layer according to the present 

specification, 

15 Fig. 45 shows a multi-sensor arrangement for flow measure

ment in multiple layers according to the present 

specification, 

Fig. 46 shows a device for measuring a flow speed according 

to the present specification, 

20 Fig. 47 shows a direct digital synthesizer for use in the 

device of Fig. 46, 

Fig. 48 shows a longitudinal cross section of an asymmetric 

transducer arrangement, 

Fig. 49 shows a transverse cross section of the arrangement 

25 of Fig. 49, 

Fig. 50 shows a one cycle measuring signal of a time of 

flight measurement, 

Fig. 51 shows a ten cycle measuring signal of a time of 

flight measurement, 

30 Fig. 52 show a measuring signal that is derived from a time 

reversed signal, 

Fig. 53 shows a response signal of the signal of Fig. 50, 

wherein the transmission channel is provided by the 

asymmetric arrangement of Figs. 48 and 49,
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Fig. 54 shows a response signal of the signal of Fig. 51 for 

the arrangement of Figs. 48 and 49, 

Fig. 55 shows a response signal of the Signal of Fig. 52 for 

the arrangement of Figs. 48 and 49, 

5 Fig. 56 shows a procedure for obtaining measuring signals 

corresponding to two signal paths in a three trans

ducer arrangement, 

Fig. 57 shows a TOF flow measurement using the measuring 

signals obtained in the method of Fig. 56, 

10 Fig. 58 shows two different arrangements of two transducers 

on a conduit, 

Fig. 59 shows pressure distributions of measuring signals 

obtained in the arrangement of Fig. 58, and 

Fig. 60 illustrates an example of determining whether a de

15 vice under test uses the same method of flow meas

urement as a verification device.  

In the following description, details are provided to describe 

the embodiments of the present specification. It shall be ap

20 parent to one skilled in the art, however, that the embodi

ments may be practised without such details.  

Some parts of the embodiments, which are shown in the Figs., 

have similar parts. The similar parts have the same names or 

25 similar part numbers with a prime symbol or with an alphabetic 

symbol. The description of such similar parts also applies by 

reference to other similar parts, where appropriate, thereby 

reducing repetition of text without limiting the disclosure.  

30 Fig. 1 shows a first flow meter arrangement 10. In the flow 

meter arrangement, a first piezoelectric element 11 is placed 

at an outer wall of a pipe 12, which is also referred as a 

tube 12. A second piezoelectric element 13 is placed at an op

posite side of the pipe 12 such that a direct line between the



WO 2017/125781 PCT/IB2016/050218 

32 

piezoelectric element 11 and the downstream piezoelectric ele

ment 13 is oriented at an angle P to the direction 14 of aver

age flow, which is at the same time also the direction of the 

pipe's 12 symmetry axis. The angle P is chosen to be approxi

5 mately 45 degrees in the example of Fig. 1 but it may also be 

steeper, such as for example 60 degrees, or shallower, such as 

for example 30 degrees.  

A piezoelectric element, such as the piezoelectric elements 

10 11, 13 of Fig. 1 may in general be operated as an acoustic 

transmitter and as an acoustic sensor. An acoustic transmitter 

and an acoustic sensor may be provided by the same piezoelec

tric element or by different regions of the same piezoelectric 

element. In this case, a piezoelectric element or transducer 

15 is also referred to as piezoelectric transmitter when it is 

operated as transmitter or sound source and it is also re

ferred to as acoustic sensor or receiver when it is operated 

as acoustic sensor.  

20 When a flow direction is as shown in Fig. 1, the first piezoe

lectric element 11 is also referred to as "upstream" piezoe

lectric element and the second piezoelectric element 13 is al

so referred to as "downstream" piezoelectric element. A flow 

meter according to the present specification works for both 

25 directions of flow in essentially the same way and the flow 

direction of Fig. 1 is only provided by way of example.  

Fig. 1 shows a flow of electric signals of Fig. 1 for a con

figuration in which the upstream piezoelectric element 11 is 

30 operated as a piezoelectric transducer and the downstream pie

zoelectric element 13 is operated as an acoustic sensor. For 

the purpose of clarity, the application works upstream and 

downstream, i.e. the position of the piezoelectric elements 

can be interchanged.
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A first computation unit 15 is connected to the upstream pie

zoelectric element 11 and a second computation unit 16 is con

nected to the downstream piezoelectric element 13. The first 

5 computation unit 15 comprises a first digital signal proces

sor, a first digital analog converter (DAC) and a first analog 

digital converter (ADC). Likewise, the second computation unit 

16 comprises a second digital signal processor, a second digi

tal analog converter (DAC) and a second analog digital con

10 verter (ADC). The first computation unit 15 is connected to 

the second computation unit 16.  

The arrangement with two computation units 15, 16 shown in 

Fig. 1 is only provided by way of example. Other embodiments 

15 may have different numbers and arrangements of computation 

units. For example, there may be only one central computation 

unit or there may be two AD/DC converters and one central com

putation unit, or there may be two small-scale computation 

units at the transducers and one larger central computation 

20 unit.  

A computation unit or computation units can be provided by mi

crocontrollers or application specific integrated circuits 

(ASICs), or field programmable gate arrays (FPGAs), for exam

25 ple. Specifically, the synthesis of an electrical signal from 

a stored digital signal may be provided by a direct digital 

synthesizer (DDS), which comprises a digital to analog con

verter (DA, DAC).  

30 A method for generating a measuring signal according to the 

present specification comprises the following steps.  

A pre-determined digital test signal is generated by synthe

sizing an acoustic signal with the digital signal processor of
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the first computation unit 15. The digital test signal is sent 

from the first computation unit 15 to the piezoelectric trans

ducer 11 along signal path 17. The piezoelectric transducer 11 

generates a corresponding ultrasound test signal. Units 15 and 

5 16 can also be provided in one single unit.  

The test signal is provided as a short pulse, for example by a 

single 1 MHz oscillation or by 10 such oscillations. In par

ticular, the test signal may be provided by a small number of 

10 oscillations with constant amplitude, thereby approximating a 

rectangular signal. The oscillation or the oscillations may 

have a sinusoidal shape, a triangular shape, a rectangular 

shape or also other shapes.  

15 The ultrasound test signal travels through the liquid in the 

pipe 12 to the piezoelectric sensor 13. In Fig. 1, a direct 

signal path of the ultrasound signal is indicated by an arrow 

18. Likewise, a direct signal path of the ultrasound signal in 

the reverse direction is indicated by an arrow 19. A response 

20 signal is picked up by the piezoelectric sensor 13, sent to 

the second computation unit 16 along signal path 20, and dig

itized by the second computation unit 16.  

In a further step, a digital measuring signal is derived from 

25 the digitized response signal. The derivation of the measure

ment refers to a reversal of the digitized response signal 

with respect to time. According to further embodiments, the 

derivation comprises further steps such as a conversion to a 

reduced resolution in the amplitude range, a bandwidth filter

30 ing of the signal to remove noise, such as low frequency noise 

and high frequency noise. In particular, the step of bandwidth 

filtering may be executed before the step of reversing the 

signal with respect to time.
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The signal reversal may be carried out in various ways, for 

example by reading out a memory area in reverse direction or 

by reversing the sign of sinus components in a Fourier repre

sentation.  

5 

In one embodiment, a suitable portion of the digitized re

sponse signal is selected that contains the response from the 

direct signal. The portion of the response signal is then 

turned around or is inverted with respect to time. In other 

10 words, signal portions of the response signal that are re

ceived later are sent out earlier in the inverted measuring 

signal. If a signal is represented by a time ordered sequence 

of amplitude samples, by way of example, the abovementioned 

signal inversion amounts to inverting or reversing the order 

15 of the amplitude samples.  

The resulting signal, in which the direction, or the sign, of 

time has been inverted, is also referred to as an "inverted 

signal". The expression "inverted" in this context refers to 

20 an inversion with respect to the direction of time, and not to 

an inversion with respect to a value, such as the amplitude 

value.  

Figs. 10 to 19 show, by way of example digital signals accord

25 ing to the present specification.  

In a flow meter according to one embodiment of the present 

specification, the same measuring signal is used for both di

rections 18, 19, the downstream and the upstream direction, 

30 providing a simple and efficient arrangement. According to 

other embodiments, different measuring signals are used for 

both directions. In particular, the measuring signal may be 

applied to the original receiver of the test signal. Such ar-
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rangements may provide benefits for asymmetric conditions and 

pipe shapes.  

A method of measuring a flow speed of a liquid through a pipe, 

5 which uses the abovementioned-inverted signal as a measuring 

signal, comprises the following steps.  

The abovementioned measuring signal is sent from the first 

computation unit 15 to the piezoelectric transducer 11 along 

10 signal path 17. The piezoelectric transducer 11 generates a 

corresponding ultrasound-measuring signal. Examples for such a 

measuring signal are provided in Figs. 10, 12, 14, 16, 18, 20, 

22, 24, 26, 28, 30, 32, 34, 37, and 38.  

15 The ultrasound-measuring signal travels through the liquid in 

the pipe 12 to the piezoelectric sensor 13. A response signal 

is picked up by the piezoelectric sensor 13, sent to the sec

ond computation unit 16 along signal path 20, and digitized by 

the second computation unit 16.  

20 

The second computation unit 16 sends the digitized response 

signal to the first computation unit 15. The first computation 

unit 15 determines a time of flight of the received signal, 

for example by using one of the methods described further be

25 low.  

A similar process is carried out for a signal travelling in 

the reverse direction 19, namely the abovementioned measuring 

signal is applied to the downstream piezoelectric element 13, 

30 and a response signal is measured by the upstream piezoelec

tric element 11 to obtain an upstream time of flight TOFup in 

the reverse direction 19. The first computation unit 15 deter

mines a velocity of flow, for example according to the formula
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C2 

V = 2 -L cos (TOFp - TOFdown), 

wherein L is the length of the direct path between the piezoe

lectric elements 11, 13, P is the angle of inclination of the 

direct path between the piezoelectric elements 11, 13 and the 

5 direction of the average flow, and c is the velocity of sound 

in the liquid under the given pressure and temperature condi

tions.  

The squared velocity of sound c^2 can be approximated to sec

10 ond order by the expression 

C2 _ _ _ _L 2 

TOFp *TOFown 

,which leads to the formula 

L TOFp -TOFown 
V_= _ - u 

2*cos#l TOFp *TOFdOwn 

15 

Thereby, it is not necessary to determine temperature or pres

sure, which in turn determine the fluid density and the sound 

velocity, or to measure the sound velocity or the fluid densi

ty directly. By contrast, the first order of the error does 

20 not cancel out for only one measurement direction.  

Instead of using a factor 2-L-cosp, a proportionality constant 

can be derived from a calibration measurement with a known 

flow speed. The proportionality constant of the calibration 

25 takes into account further effects such as flow profiles and 

contributions from sound waves that were scattered and did not 

travel along a straight line.
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According to a further embodiment, the process of generating 

an impulse signal, recording a response signal and deriving an 

inverted measuring signal from the response signal is simulat

ed in a computer. Relevant parameters, such as the pipe diame

5 ter of the pipe 12 and the sensor placements are provided as 

input parameters to the simulation.  

According to yet another embodiment, the measuring signal, 

which is to be supplied to a transmitting piezoelectric ele

10 ment, is synthesized using a shape of a typical response sig

nal to an impulse signal, such as the signal shapes shown in 

Figs. 37 and 38. For example, the measuring signal may be pro

vided by a 1 MHz sinusoidal oscillation, which is amplitude 

modulated with an envelope according to a Gaussian probability 

15 function having a half width of 10 microseconds. The half

width may be chosen as an input parameter, which depends on 

the actual arrangement, such as the pipe diameter and the sen

sor placement.  

20 A flow meter according to the present specification may also 

be provided as a pre-defined flow meter in which the measuring 

signal is generated during a test run at a factory site, in 

particular when the flow meter is supplied together with a 

pipe section.  

25 

According to a simple embodiment of the present specification, 

a time of flight in upstream and in downstream direction is 

determined by evaluating a time of a peak amplitude of a re

ceived signal with respect to a sending time of the measuring 

30 signal. To achieve a higher precision, the maximum may be de

termined using an envelope of the received signal. According 

to a further embodiment, the measurement is repeated multiple 

times and an average time of flight is used.



WO 2017/125781 PCT/IB2016/050218 

39 

According to a further embodiment of the present specifica

tion, the time of flight of a signal is evaluated using a 

cross-correlation technique. In particular, the respective 

time shifts can be evaluated by cross correlating the received 

5 downstream or upstream signal with the received signal at zero 

flow speed according to the formula: 

CCorr(T) = Sigmlow (0 ' SigNFlow(t + r), 
t=-o0 

wherein SigFlow represents an upstream or downstream signal 

10 under measurement conditions, when there is a fluid flow 

through the pipe, and wherein SigNoFlow represents a signal 

under calibration conditions at zero flow. The infinite sum 

limits represent a sufficiently large time window [-T1, +T2].  

In more general words, -T1 and +T2 do not need to be same and 

15 for practical reasons this can be advantageous for the flow 

meter.  

The time shift TOFup-TOFdownis then obtained by comparing 

the time of the maximum of the upstream correlation function 

20 with the time of the maximum of the downstream correlation 

function. The envelope of the correlation function may be used 

to determine the location of the maximum more accurately.  

In a further embodiment, a separate evaluation unit is provid

25 ed between the first computation unit 15 and the second compu

tation unit 16, which performs the calculation of the signal 

arrival times and the flow speed.  

In general, the measured signal of the acoustic sensor results 

30 from a superposition of scattered signals and a direct signal.  

The scattered signals are reflected from the inner and outer 

walls of the pipe once or multiple times including additional
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scattering processes within the pipe wall. This is shown, by 

way of example, in Fig. 2.  

The transducer configuration of Fig. 1 is a direct-line or "Z" 

5 configuration. Other arrangements, which make use of reflec

tions on an opposite side of the pipe, are possible as well, 

such as the "V" and the "W" configuration. V and W configura

tion work based on reflections on the pipe wall, which induce 

more scatterings than the Z configuration. The subject matter 

10 of the application will benefit from these configurations as 

long as the paths are understood properly.  

In a V-configuration, the two transducers are mounted on the 

same side of the pipe. For recording a 45-degree reflection, 

15 they are placed about a pipe diameter apart in the direction 

of the flow. The W-configuration makes use of three reflec

tions. Similar to the V-configuration, the two transducers are 

mounted on the same side of the pipe. For recording a signal 

after two 45-degree reflections, they are placed two pipe di

20 ameters apart in the direction of the flow.  

Fig. 2 shows, by way of example a first acoustic signal "1", 

which travels directly from the piezoelectric element 11 to 

the piezoelectric element 13, a second acoustic signal "2", 

25 which is scattered once at the periphery of the pipe 12 and a 

third signal 3, which is scattered three times at the periph

ery of the pipe 12.  

For simplicity, the scattering events are shown as reflections 

30 in Fig. 2 to 5 but the actual scattering process can be more 

complicated. In particular, the most relevant scattering oc

curs typically in the pipe wall or at material that is mounted 

in front of the piezoelectric transducers. Fig. 3 shows a view 

of Fig. 2 in flow direction in the viewing direction A-A.
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Figs. 4 and 5 show a second sensor arrangement in which a fur

ther piezoelectric element 22 is positioned at a 45-degree an

gle to the piezoelectric element 11 and a further piezoelec

5 tric element 23 is positioned at a 45-degree angle to the pie

zoelectric element 13.  

Furthermore, Figs. 4 and 5 show direct or straight line, 

acoustic signal paths for a situation in which the piezoelec

10 tric elements 11, 22 are operated as piezo transducers and the 

piezoelectric elements 13, 23 are operated as acoustic sen

sors. Piezoelectric element 23, which is on the back of the 

pipe 12 in the view of Fig. 4 is shown by a dashed line in 

Fig. 4.  

15 

Figs. 6 to 9 show, in a simplified way, a method of generating 

a measuring signal from a response of a test signal. In Figs.  

6 to 9, losses due to scattering are indicated by hatched por

tions of a signal and by arrows.  

20 

For the considerations of Fig. 6 to 9, it is assumed that the 

acoustic signal only propagates along a straight line path, 

along a first scattering channel with a time delay of At, and 

along a second scattering channel with a time delay of 2At.  

25 Signal attenuation along the paths is not considered.  

A test signal in the form of a rectangular spike is applied to 

the piezoelectric element 11. Due to scattering, a first por

tion of the signal amplitude is lost due to the first scatter

30 ing path and appears after a time At, and a second portion of 

the signal amplitude is lost due to the second scattering path 

and appears after a time 2At. This yields a signal according 

to the white columns in Fig. 7, which is recorded at the pie

zoelectric element 13.
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A signal processor inverts this recorded signal with respect 

to time and is applies the inverted signal to the piezoelec

tric element 11. The same scattering process as explained be

5 fore now applies to all three-signal components. As a result, 

a signal according to Fig. 9 is recorded at the piezoelectric 

element 13, which is approximately symmetric.  

In reality, the received signals will be distributed over time 

10 and there often is a "ballistic wave", which has travelled 

through material of the pipe and arrives before the direct 

signal. This surface wave is discarded by choosing a suitable 

time window for generating the inverted measuring signal.  

Likewise, signals that stem from multiple reflections and ar

15 rive late can be discarded by limiting the time window and/or 

by choosing specific parts of the signal.  

The following table 1 shows measured time delays for a direct 

alignment, or, in other words, for a straight-line connection 

20 between clamped-on piezoelectric elements on a DN 250 pipe in 

a plane perpendicular to the longitudinal extension of the DN 

250 pipe. The flow rate refers to a flow of water through the 

DN 250 pipe.  

25 Herein "TOF 1 cycle" refers to an impulse such as the one 

shown in Fig. 36, that is generated by a piezoelectric ele

ment, which is excited by an electric signal with 1 oscilla

tion having a 1 ps period. "TOF 10 cycle" refers to a signal 

that is generated by a piezoelectric element, which is excited 

30 by an electric signal with 10 sinusoidal oscillations of con

stant amplitude having a 1 ps period.  

Flowrate/Method 21 m 3/h 44 m 3/h 61 m 3/h 

TOF 1 cycle 7 ns 18 ns 27 ns
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TOF 10 cycle 9 ns 19 ns 26 ns 

Time reversal 8 ns 18 ns 27 ns 

The following table shows measured time delays for a 12 degree 

misalignment against a straight line connection between 

5 clamped-on piezoelectric elements in a DN 250 pipe in a plane 

perpendicular to the longitudinal extension of the DN 250 pipe 

(see also Fig 48 & 49).  

Flowrate/Method 21 m 3/h 44 m 3/h 61 m 3/h 

TOF 1 cycle 10 ns 21 ns 28 ns 

TOF 10 cycle 9 ns 17 ns 26 ns 

Time reversal 4 ns 12 ns 26 ns 

10 

Figs. 9 - 27 show high resolution inverted signals and their 

respective response signals. The voltage is plotted in arbi

trary units over the time in microseconds.  

15 The time axes in the upper Figures show a transmitting time of 

the inverted signal. The transmitting time is limited to the 

time window that is used to record the inverted signal. In the 

example of Figs. 9 - 27 the time window starts shortly before 

the onset of the maximum, which comes from the direct signal 

20 and ends 100 microseconds thereafter.  

The time axes in the lower Figures are centred around the max

imum of the response signals and extend 100 microseconds, 

which is the size of the time window for the inverted signal, 

25 before and after the maximum of the response signals.  

Figs. 28 - 35 show digitized inverted signals in a high reso

lution and in 12, 3, 2 and 1 bit resolution in the amplitude
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range and their respective response signals. The voltage is 

plotted in Volt over the time in microseconds. The signals of 

Fig. 28 - 25 were obtained for a water filled DN 250 pipe.  

5 The length of the time window for the inverted signal is 450 

microseconds. Hence, the time window of Figs. 28 - 35 is more 

than four times larger than in the preceding Figs. 9 - 27.  

In Figs. 28 - 35 it can be seen that even a digitization with 

10 1 bit resolution produces a sharp spike. It can be seen that 

the spike becomes even more pronounced for the lower resolu

tions. A possible explanation for this effect is that in the 

example of Figs. 28 - 35 the total energy of the input signal 

is increased by using a coarser digitization in the amplitude 

15 range while the response signal remains concentrated in time.  

Fig. 36 shows a signal that is generated by a piezoelectric 

element after receiving an electric pulse that lasts for about 

0.56 microseconds, which is equivalent to a frequency of 3.57 

20 MHz. Due to the inertia of the piezoelectric element, the max

imum amplitude for the negative voltage is smaller than for 

the positive voltage and there are multiple reverberations be

fore the piezoelectric element comes to rest.  

25 Fig. 37 shows an electric signal that is applied to a piezoe

lectric element, such as the upstream piezoelectric element 11 

of Fig. 1. The signal of Fig. 37 is derived by forming an av

erage of ten digitized response signals to a signal of the 

type shown in Fig. 36 and time reversing the signal, wherein 

30 the response signals are received by a piezoelectric element 

such as the downstream piezoelectric element 13 of Fig. 1.  

In the example of Fig. 37, the digitized signals are obtained 

by cutting out a signal portion from the response signal that
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begins approximately 10 microseconds before the onset of enve

lope of the response signal and that ends approximately 55 mi

croseconds behind the envelope of the response signal. The en

velope shape of the response signal of Fig. 37 is similar to 

5 the shape of a Gaussian probability distribution, or, in other 

words, to a suitable shifted and scaled version of exp(-x^2).  

Fig. 38 shows a portion of a response signal to the signal 

shown in Fig. 37, wherein the signal of Fig. 37 is applied to 

10 a first piezoelectric element, such as the upstream piezoelec

tric element 11, and is received at a second piezoelectric el

ement, such as the downstream piezoelectric element 13 of Fig.  

1.  

15 Fig. 39 shows a an upstream cross correlation function and a 

downstream cross correlation function, which are obtained by 

cross correlating the upstream signal and the downstream sig

nal of the arrangement of Fig. 1 with a signal obtained at ze

ro flow, respectively.  

20 

Fig. 40 shows a sectional enlargement of Fig. 39. Two position 

markers indicate the positions of the respective maxima of the 

upstream and downstream cross correlation function. The time 

difference between the maxima is a measure for the time dif

25 ference between the upstream and the downstream signal.  

Fig. 41 shows a response signal, which was obtained under sim

ilar conditions as for the response signal of Fig. 37. Differ

ent from the arrangement of Fig. 37, the piezoelectric ele

30 ments are misaligned by 12 degrees against a straight-line ar

rangement along the perimeter of the pipe. This offset is 

shown in the inset of Fig. 41. Fig. 41 shows that even under 

misalignment conditions there is a reasonably well defined re

sponse signal.
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Figs. 42 to 45 show, by way of example, different arrangements 

of clamp-on piezoelectric transducers for which a flow meas

urement according to the present specification can be used.  

5 Especially for clamp-on transducers a flow measurement method 

according to the present specification may lead to an improve

ment of the signal to noise ratio in the arrangements of Figs.  

42 to 45 or in other, similar transducer arrangements. Fur

thermore, the flow measurement method may provide energy sav

10 ings by providing an increased signal amplitude of the re

sponse signal for a given sending signal power. Thereby, a 

signal sending power can be reduced.  

Figs. 42 to 45 are aligned such that a gravity force on a liq

15 uid in the pipe 12 points downwards. However, arrangements, 

which are rotated relative to the arrangements of Fig. 42 to 

45, may also be used. The viewing direction of Figs. 42 to 45 

is along the longitudinal axis of the pipe 12. An upstream or 

downstream position of a transducer is not indicated in Figs.  

20 42 to 45.  

In the arrangement of Fig. 42, an array of five piezoelectric 

elements 31 - 35 is provided in a first location and a further 

piezoelectric element 36 is placed upstream or downstream of 

25 the first location. The array of piezoelectric elements 31 

35 may be used to obtain a pre-determined wave front and to 

achieve an improved focusing of an acoustic wave in a pre

determined direction, when the array of five elements 31 - 35 

is used as a transmitter and the further element 36 is used as 

30 a receiver.  

In the arrangement of Fig. 43, a single piezoelectric element 

37 is provided in a first location and an array of five piezo

electric elements 38 - 42 is placed upstream or downstream of
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the first location. The array of piezoelectric elements 38 

42 may be used to obtain an improved recording of the wave 

front of the response signal. The improved recording can then 

be used to obtain an improved flow-measuring signal, which is 

5 then applied to the single piezoelectric element 37.  

Fig. 44 shows an arrangement of two piezoelectric elements 43, 

44 wherein one element is placed downstream with respect to 

the other. A distance d of the connection line between the pi

10 ezoelectric elements 43, 44 to the symmetry axis of the pipe 

12 is about half the radius of the pipe 12, such that a flow 

layer at a distance d to the central axis of the pipe 12 can 

be measured.  

15 Especially for clamp-on transducers, such as the piezoelectric 

elements 43, 44 shown in Fig. 44, the flow measurement accord

ing to the present specification provides an improved signal 

at the receiving piezoelectric element 44, 43 through beam 

forming.  

20 

Fig. 45 shows an arrangement of eight piezoelectric elements 

45 - 52, which are spaced at 45 degrees apart. Several ar

rangements are possible with respect to upstream-downstream 

placements.  

25 In one arrangement, the sensors locations alternate between 

upstream and downstream along the perimeter, for example 45, 

47, 49, 51 upstream and 46, 48, 50, 52 downstream.  

In another arrangement, first four consecutive elements, such 

30 as 45 - 48, along the perimeter are placed upstream or down

stream relative to the other four elements, such as 49 - 52.  

In a further arrangement with 16 piezoelectric elements, all 

the piezoelectric elements 45 - 52 of Fig. 45 are placed in
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one plane and the arrangement of Fig. 45 is repeated in up

stream or downstream direction.  

Fig. 46 shows, by way of example, a flow measurement device 60 

5 for measuring a flow in the arrangement in Fig. 1 or other ar

rangements according to the specification. In the arrangement 

of Fig. 1, the flow measurement device 60 is provided by the 

first and second computation units 15, and 16.  

10 The flow measurement device 60 comprises a first connector 61 

for connecting a first piezoelectric transducer and a second 

connector 62 for connecting a second piezoelectric transducer.  

The first connector 61 is connected to a digital to analog 

converter (DAC) 64 over a multiplexer 63. The second connector 

15 62 is connected to an analog to digital converter 65 over a 

demultiplexer 66.  

The ADC 65 is connected to a signal selection unit 67, which 

is connected to a signal inversion unit 68, which is connected 

20 to a band pass filter 69, which is connected to a computer 

readable memory 70. Furthermore, the ADC 65 is connected to a 

velocity computation unit 71.  

The DAC 64 is connected to an impulse signal generator 72 and 

25 a measuring signal generator 73. The measuring signal genera

tor is connected to the impulse generator 72 over a command 

line 74. The velocity computation unit 71 is connected to the 

measuring signal generator 73 via a second command line 75.  

30 In general, the impulse signal generator 72 and the measuring 

signal generator comprise hardware elements, such as an oscil

lator, and software elements, such as an impulse generator 

module and a measuring signal generator module. In this case,
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the command lines 74, 75 may be provided by software interfac

es between respective modules.  

During a signal-generating phase, the impulse signal generator 

5 sends a signal to the DAC 64, the selection unit 67 receives a 

corresponding incoming signal over the ADC 65 and selects a 

portion of an incoming signal. The inversion unit 68 inverts 

the selected signal portion with respect to time, the optional 

bandpass filter 69 filters out lower and upper frequencies and 

10 the resulting measuring signal is stored in the computer 

memory 70. When the word "signal" is used with reference to a 

signal manipulation step, it may in particular refer to a rep

resentation of a signal in a computer memory.  

15 In particular, a signal representation can be defined by value 

pairs of digitized amplitudes and associated discrete times.  

Other representations comprise, among others, Fourier coeffi

cients, wavelet coefficients and an envelope for amplitude 

modulating a signal.  

20 

Fig. 47 shows a second embodiment of a flow measurement device 

60' for measuring a flow in the arrangement in Fig. 1 or other 

arrangements according to the specification. The flow measure

ment device 60' comprises a direct digital synthesizer (DDS) 

25 76. For simplicity, only the components of the DDS 76 are 

shown. The DDS 76 is also referred to as an arbitrary waveform 

generator (AWG).  

The DDS 76 comprises a reference oscillator 77, which is con

30 nected to a frequency controller register 78, a numerically 

controlled oscillator (NCO) 79 and to the DAC 64. An input of 

the NCO 79 for N channels is connected to an output of the 

frequency control register 78. An input of the DAC 64 for M 

channels is connected to the NCO 79 and an input of a recon-
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struction low pass filter is connected to the DAC 64. By way 

of example, a direct numerically controlled oscillator 79 with 

a clock frequency of 100 MHz may be used to generate an ampli

tude modulated 1 MHz signal.  

5 

An output of the reconstruction low pass filter 80 is connect

ed to the piezoelectric transducers 11, 13 of Fig. 1.  

Due to the inertia of an oscillator crystal, it is often ad

10 vantageous to use an oscillator with a higher frequency than 

that of a carrier wave in order to obtain a predetermined am

plitude modulated signal, for example by using a direct digi

tal synthesizer, as shown in Fig. 47.  

15 In particular, the method steps of storing a digital represen

tation of a signal and performing operations such as selection 

a signal portion, time reversing a signal and filtering a sig

nal may be interchanged. For example, a signal may be stored 

in a time inverted form or it may be read out in reverse order 

20 to obtain a time inverted signal.  

While the present invention is explained with respect to a 

round DN 250 pipe, it can be readily applied to other pipe 

sizes or even to other pipe shapes. Although the embodiments 

25 are explained with respect to clamp-on transducers, wet trans

ducers, which protrude into a pipe, may be used as well.  

Figs. 48 and 49 show an asymmetric transducer arrangement, 

wherein a second transducer is offset by 12 degrees with re

30 spect to a symmetry axis of the conduit 12.  

Fig. 50 shows a one cycle measuring signal of a time of flight 

measurement, and Fig. 51 shows a ten cycle measuring signal of 

a time of flight measurement. The signals shown in Figs. 50
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and 51 can be used for a time of flight measurement. Further

more, the signals can also be used to generate a measurement 

signal according to the present specification using an inver

sion with respect to time of a received response signal, such 

5 as the response signals of Figs. 52 and 53.  

Fig. 52 shows an example of a measuring signal that is derived 

from a time-reversed signal, which is stored at a low resolu

tion.  

10 

Figs. 53 to 55 show response signals to the respective signals 

of Figs. 50 to 52. The response signal is picked up by a re

ceiving transducer 11, 13 of the asymmetric arrangement of 

Figs. 48, 49 in response to a signal of a sending transducer, 

15 which is excited by the signal of Fig. 50.  

In particular, Fig. 53 shows a response signal of the signal 

of Fig. 50, Fig. 54 shows a response signal of the signal of 

Fig. 51 for the arrangement of Figs. 48 and 49 and Fig. 55 

20 shows a response signal of the Signal of Fig. 52 for the ar

rangement of Figs. 48 and 49. In the examples shown, the re

sponse signal is more concentrated in time, has a higher am

plitude and has a more well-defined envelope as compared to 

the signals of Figs. 52 and 53.  

25 

The result of Fig. 55 demonstrates that the benefits of inver

sion of the impulse response with respect to time, which al

low, among others, to use smaller energy signals, can be re

tained for coarse-grained resolution and asymmetric transducer 

30 arrangements.  

The results of Fig. 55 demonstrate that using an inverted sig

nal with respect to time according to the present specifica

tion is able to provide short time delays as compared with
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conventional time of flight Doppler shift measurements using a 

signal with 1 or 10 oscillation cycles. Fig. 55 as a result of 

the arrangement shown in Fig. 48 and Fig. 49 furthermore shows 

that a measuring signal according to the present specification 

5 can be used for beam shaping purposes.  

Table 2 shows results time delays for the asymmetric arrange

ment shown in Figs. 48, 49 and for respective flow rates of 

21, 44, and 61 cubic metres per hour.  

10 

lowrate 21 m3/h 44 m3/h 61 m3/h 

Methods 

TOF 1 cycle 10 ns 21 ns 28 ns 

TOF 10 cycle 9 ns 17 ns 26 ns 

inverted sig- 4 ns 12 ns 26 ns 

nal 

The Figs. 56 to 59 illustrate further examples of beam shaping 

N-1i 
applications. In general, there are i= N*(N-1)/2 direct 

transmission channels between N transducers not considering 

15 reflections at the pipe walls , which are provided on a con

duit. These transmission channels have in general different 

properties and lead to different response signals.  

In the event that all of the N transducers are mounted at dif

20 ferent heights with respect to a flow direction or a longitu

dinal direction of the conduit, all of these transmission 

channels can be used for flow measurements. A signal propaga

tion between transducers that is perpendicular to the mean 

flow is in general not useful for capturing flow velocity com

25 ponents but can still be used to determine contaminations and 

material changes of the conduit and changes in the properties 

of the transducers and their coupling to the conduit.
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A TOF flow measurement comprises a measurement in both direc

tions with respect to a given transmission channel between two 

of the transducers. A TOF flow measurement that involves 

transmission channels between a first transducer and N-1 other 

5 transducers requires at least N consecutive measurements: a 

first measurement with a measurement signal applied to the 

first transducer and N-1 consecutive measurements with meas

urement signals applied to each one of the N-1 other transduc

ers.  

10 

In general, the required measurement signals are different for 

each transmission channel and separate forward and a backward 

measurements are needed for each transmission channel. Thus, 2 

x (N-1) measurements are required. For example, max 2 x (3-1) 

15 = 4 measurements are possible ,but not necessarily required, 

in the example of Fig. 57.  

The signals of Fig. 41 and 55 are produced by transducers, 

which radiate mainly in a preferred direction, with a maximum 

20 angle of about 12 degrees to both sides of the preferred di

rection. The directionality of the transducers is achieved, 

among others, by adjusting the form of the transducers and 

their attachment to the conduit. Depending on the angle be

tween the transducers, not all paths may yield a sufficiently 

25 strong signal at a receiver side, especially if the sender has 

a high directionality. Applying the common known techniques 

only results as shown in Fig. 53 and Fig. 54 can be achieved 

with are typically too noisy for establishing flow measure

ments. However with the proposed method using inverted meas

30 urements signals, sufficiently good signals like those shown 

in Fig. 55 can be achieved.  

The use of a measuring signal according to the application, 

which uses a reversion with respect to time makes it possible
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to provide transducers with less directionality. The measuring 

signal focuses the signal energy at the receiver and the re

ceived signal is still strong enough.  

5 Similar to a measurement using just two transducers or just 

one transmission channel, the flow measurement can be per

formed using a pre-determined measuring signal or a signal 

that is obtained by a prior calibration. During the calibra

tion step, the measuring signals are derived from response 

10 signals to the impulse signals. According to one example, an 

impulse signal is applied to a transducer to obtain one or 

more response signals at the other transducers. The measure

ment signals are derived by applying an inversion with respect 

to time to the response signals or a portion thereof.  

15 

In one example, in which there are four measurement paths, 

consecutive measurements are taken along the first path, the 

second path, the third path and the fourth path. The consecu

tive measurements are used to derive an overall flow and/or 

20 flows in at a predetermined layer or position.  

One or more flow speeds can then be derived by comparing the 

measurements with a pre-determined flow profile. By way of ex

ample, the pre-determined flow profile can be obtained by a 

25 simulation. In another embodiment, a flow speed for a specific 

layer or position is estimated by using results from one or 

more measuring signals and known methods to calculate the flow 

profile. In one embodiment, an overall volume flow is derived 

by applying a calculated or simulated flow profile to a cross 

30 section area of the conduit.  

Figs. 56 and 57 illustrate a time of flight flow measurement 

using three transducers and two transmission paths.
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Figs. 58 and 59 show a pressure measurement in a two

transducer arrangement. The pressure scale of Fig. 59 is dis

played in arbitrary units (a.u.).  

5 A measurement signal according to the present application is 

applied to the first transducer 11 and the resulting pressure 

distribution is measured at the periphery of the conduit 12.  

The transducers 11, 13 are offset in the longitudinal direc

tion, similar to the arrangement of Fig. 1.  

10 

In a first example, a measuring signal which adapted to the 

signal path between the transducer 11 and the transducer 13 is 

sent from the transducer 11 to the opposite transducer 13 and 

the resulting pressure distribution is measured. This yields a 

15 curve similar to the pressure distribution 90 of Fig. 59, 

which has a peak at the position of the transducer 13.  

In a second example, a measuring signal which adapted to the 

signal path between the transducer 11 and the transducer 13 is 

20 sent from the transducer 11 to transducer 13' and the result

ing pressure distribution is measured. Different from the 

first arrangement, the transducer 13' is offset by an angle of 

45 degrees with respect to a connection line through the first 

transducer and the center of the conduit 12. Even in this sit

25 uation, the resulting pressure distribution is peaked around 

the position of the transducer 13' and consequently the energy 

of the signal is concentrated around the position of the 

transducer 13' 

30 Thus, a measuring signal according to the application, which 

is obtaining using a reversal with respect to time of a signal 

between the respective transducers, leads to a pressure signal 

that is not only concentrated in time, as shown in the respec-
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tive second Figure of the Figure sets 10 - 35, but the result

ing pressure distribution is also concentrated in space.  

By using a standard signal, such as an impulse signal, a con

5 centration in space can still be achieved, but only at a 

fiexed location close to the opposite side of the sending 

transducer. However, by using a signal according to the pre

sent specification, which comprises a time reversed portion 

the peak of the pressure concentration can be moved.  

10 

The ultrasonic transducers 11, 13, 23 of Figs. 56 - 59 can be 

provided by mounted transducers, which are mounted to the out

side of the conduit, or wet by transducers, which are protrud

ing into the interior of the conduit 12 from outside of the 

15 conduit 12.  

Fig. 60 show an example of determining whether a test device 

uses the same method of flow measurement as a verification de

vice. In a first step, the verification device selects a test 

20 impulse signal. For example, this may comprise the selection 

of a signal shape for performing an amplitude modulation of a 

sine wave out of a set of stored signal shapes, such as rec

tangular shape, a sinusoidal shape, a saw tooth shape etc.  

25 In a further step, the test impulse signal is applied to a 

first transducer. In a further step, a corresponding test re

sponse signal is received at the second transducer. In further 

steps, the test response signal, or a portion of it, is in

verted and a test measuring signal is derived. The transducers 

30 to which the verification device is connected are preferably 

the transducers of the test device.  

In a further step, the test measuring signal is compared with 

the actual measuring signal of the test device. If the test
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measuring signal is similar to the measuring signal of the 

test device, it is decided that the test device uses the same 

method as the verification device. Alternatively or in addi

tion, the verification device can apply the test measuring 

5 signal to a transducer, receive a corresponding test response 

signal and compare this test response signal with the response 

signal to the measuring signal of the test device.  

The verification device may receive or measure the signals of 

10 the test device as electric signals via tapping a wire connec

tion of the test device to the transducers or, alternatively, 

the signals can be measured by placing a microphone in the 

conduit and receiving a signal of the microphone.  

15 If the signals are not similar, the same process is repeated 

with further available test impulse signals to see whether one 

of the test impulse signals leads to a test measuring signal 

and/or a response signal to it which resembles the measuring 

signal and/or the response signal to it. In the event that an 

20 impulse signal of the test device is available, the verifica

tion device may choose the available impulse signal or a simi

lar impulse signal instead of testing various test impulse 

signals or it may narrow down the selection of test impulse 

signals.  

25 

For a test device which uses several signal paths and/or com

binations of pairs of sending and receiving transducers for 

the flow measurement, the verification device repeats the 

method of Fig. 60 for the multiple signal paths and/or for the 

30 multiple transducer combinations and the respective measuring 

signals and/or response signals to the measuring signals are 

compared.
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Although the above description contains much specificity, 

these should not be construed as limiting the scope of the em

bodiments but merely providing illustration of the foreseeable 

embodiments. The method steps may be performed in different 

5 order than in the provided embodiments, and the subdivision of 

the measurement device into processing units and their respec

tive interconnections may be different from the provided em

bodiments.  

10 Especially, the above stated advantages of the embodiments 

should not be construed as limiting the scope of the embodi

ments but merely to explain possible achievements if the de

scribed embodiments are put into practise. Thus, the scope of 

the embodiments should be determined by the claims and their 

15 equivalents, rather than by the examples given.  

The embodiments of the present specification can also be de

scribed with the following lists of elements being organized 

into items. The respective combinations of features which are 

20 disclosed in the item list are regarded as independent subject 

matter, respectively, that can also be combined with other 

features of the application.  

1. A method for determining a flow speed of a fluid in a 

25 fluid conduit comprising: 

- providing the fluid conduit with a fluid that has a 

predetermined velocity with respect to the fluid conduit, 

- providing the fluid conduit with a first ultrasonic 

transducer, a second ultrasonic transducer and a third 

30 ultrasonic transducer, 

wherein respective connection lines between the first ul

trasonic transducer, the second ultrasonic transducer and 

the third ultrasonic transducer extend outside of a sym

metry axis of the fluid conduit,
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- applying a first measuring signal to the first ultra

sonic transducer, and 

- measuring a first response signal of the first measur

ing signal at the second ultrasonic transducer, 

5 - applying a second measuring signal to the first ultra

sonic transducer, 

- measuring a second response signal of the second meas

uring signal at the third ultrasonic transducer, 

wherein the first measuring signal and the second measur

10 ing signal respectively comprise a reversed signal por

tion with respect to time of a response signal of a cor

responding impulse signal or of a signal derived there

from, 

- deriving a flow speed of the fluid from at least one of 

15 the first response signal and the second response signal.  

2. The method according to item 1, 

comprising 

20 - applying a first reverse direction measuring signal to 

the second ultrasonic transducer, and 

- measuring a first reverse direction response signal of 

the first reverse direction measuring signal at the sec

ond ultrasonic transducer, 

25 - applying a second reverse direction measuring signal to 

the third ultrasonic transducer, 

- measuring a second reverse direction response signal of 

the second reverse direction measuring signal at the 

first ultrasonic transducer, 

30 wherein the first reverse direction measuring signal and 

the second reverse direction measuring signal respective

ly comprise a reversed signal portion with respect to 

time of a response signal of a corresponding impulse sig

nal or of a signal derived therefrom,
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- deriving a flow speed of the fluid from at least one of 

the first response signal, the first reverse direction 

response signal, the second response signal and the sec

ond reverse direction response signal.  

5 

3. The method according to item 1 or item 2, comprising 

- applying a third measuring signal to the second ultra

sonic transducer, 

- measuring a third response signal of the second measur

10 ing signal at the third ultrasonic transducer, 

wherein the third measuring signal comprises a reversed 

signal portion with respect to time of a response signal 

of a corresponding impulse signal or of a signal derived 

therefrom 

15 - deriving at least one flow speed of the fluid from the 

third response signal.  

4. The method according to item 3, comprising 

- applying a third reverse direction measuring signal to 

20 the third ultrasonic transducer, 

- measuring a third reverse direction response signal of 

the third reverse direction measuring signal at the sec

ond ultrasonic transducer, 

wherein the third reverse direction measuring signal com

25 prises a reversed signal portion with respect to time of 

a response signal of a corresponding impulse signal or of 

a signal derived therefrom 

- deriving at least one flow speed of the fluid from the 

third response signal and the third reverse direction re

30 sponse signal.  

5. A method for determining a flow speed of a fluid in a 

fluid conduit comprising:
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- providing the fluid conduit with a fluid that has a 

predetermined velocity with respect to the fluid conduit, 

- providing the fluid conduit with a first ultrasonic 

clamp-on transducer and a second ultrasonic clamp-on 

5 transducer, 

wherein a connection line between the first ultrasonic 

clamp-on transducer and the second ultrasonic clamp-on 

transducer extends outside of a symmetry axis of the flu

id conduit, 

10 - applying a measuring signal to the first ultrasonic 

clamp-on transducer, 

- measuring a response signal of the measuring signal at 

the second ultrasonic clamp-on transducer, 

wherein the measuring signal comprises a reversed signal 

15 portion with respect to time of a response signal of a 

corresponding impulse signal or of a signal derived 

therefrom, 

- deriving a flow speed of the fluid from the response 

signal.  

20 

6. The method according to item 5, comprising 

- applying a reverse direction measuring signal to the 

second ultrasonic clamp-on transducer, 

- measuring a reverse direction response signal of the 

25 measuring signal at the first ultrasonic clamp-on trans

ducer, 

wherein the measuring signal comprises a reversed signal 

portion with respect to time of a response signal of a 

corresponding impulse signal or of a signal derived 

30 therefrom, 

- deriving a flow speed of the fluid from the response 

signal.
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7. The method according to one of the preceding items, 

wherein the signal portion that is used to derive the re

spective measuring signals comprises a first portion 

around a maximum amplitude of a response signal and a 

5 trailing signal portion, the trailing signal portion ex

tending in time behind the arrival time of the maximum 

amplitude.  

8. The method according to one of the preceding items, com

10 prising processing of at least one of the response sig

nals for determining a change in the wall thickness of 

the conduit or for determining material characteristics 

of the conduit walls by determining longitudinal and 

transversal sound wave characteristics.  

15 

9. The method according to item 1, comprising 

- providing the fluid conduit with a fluid, 

- providing a first impulse signal to one of the first or 

the second ultrasonic transducer, 

20 - receiving a first response signal of the first impulse 

signal at the other one of the first or the second ul

trasonic transducer, 

- providing a second impulse signal to one of the first 

or the third ultrasonic transducer, 

25 - receiving a second response signal of the second im

pulse signal at the other one of the first or the third 

ultrasonic transducer, 

- deriving the first measuring signal from the first re

sponse signal, 

30 - deriving the second measuring signal from the second 

response signal, 

the derivation of the respective first and second measur

ing signals comprising selecting a signal portion of the 

respective first and second response signals or of a sig-
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nal derived therefrom and reversing the signal portion 

with respect to time, 

- storing the first measuring signal and the second meas

uring signal for later use.  

5 

10. The method according to item 5, comprising 

- providing the fluid conduit with a fluid, 

- providing an impulse signal to one of the first ultra

sonic clamp-on transducer and the second ultrasonic 

10 clamp-on transducer, 

- receiving a response signal of the impulse signal at 

the other one of the first ultrasonic clamp-on transducer 

and the second ultrasonic clamp-on transducer, 

- deriving the measuring signal from the response signal, 

15 the derivation of the measuring signal comprising select

ing a signal portion of the respective response signal or 

of a signal derived therefrom and reversing the signal 

portion with respect to time, 

- storing the measuring signal for later use.  

20 

11. The method according to item 9 or item 10, comprising 

- repeating the steps of applying an impulse signal and 

receiving a corresponding response signal multiple times, 

thereby obtaining a plurality of response signals, 

25 - deriving the respective measuring signal from an aver

age of the received response signals.  

12. The method according to one of the items 9 to 11, 

wherein the derivation of the respective measuring signal 

30 comprises digitizing the corresponding response signal or 

a signal derived therefrom with respect to amplitude.  

13. The method according to item 12, comprising increasing 

the bit-resolution of the digitized signal for increasing
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an amplitude of a response signal to the respective meas

uring signal.  

14. The method according to item 12, comprising decreasing 

5 the bit-resolution of the digitized signal for increasing 

an amplitude of a response signal to the respective meas

uring signal.  

15. The method according to item 12, wherein the bit resolu

10 tion of the digitized signal with respect to the ampli

tude is a low bit resolution.  

16. A computer readable program code comprising computer 

readable instructions for executing the method according 

15 to one the items 1 to 15.  

17. A computer readable memory, the computer readable memory 

comprising the computer readable program code of item 16.  

20 18. An application specific electronic component, which is 

operable to execute the method according to one of the 

items 1 to 15.  

19. A device for measuring a flow speed of a fluid in a con

25 duit with a travel time ultrasonic flow meter, comprising 

- a first connector for connecting a first ultrasonic el

ement, 

- a second connector for connecting a second ultrasonic 

element, 

30 - a third connector for connecting a third ultrasonic el

ement, 

- a transmitting unit for sending impulse signals and for 

sending measuring signals, 

- a receiving unit for receiving response signals,
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- a processing unit for deriving a first measuring signal 

from a first inverted signal, for deriving a second 

measuring signal from a second inverted signal and for 

storing the first measuring signal and the second measur

5 ing signal, 

wherein the derivation of the first inverted signal and 

of the second inverted signal comprises reversing a sig

nal portion of a response signal of a corresponding im

pulse signal or of a signal derived therefrom with re

10 spect to time, 

and wherein the processing unit, the transmitting unit 

and the receiving unit are operative 

to apply the first measuring signal to the first connect

or, and 

15 to receive a first response signal of the first measuring 

signal at the second connector, 

to apply a second measuring signal to the first connect

or, 

to receive a second response signal of the second meas

20 uring signal at the third connector, 

and to derive a flow speed of the fluid from at least one 

of the first response signal and the second response sig

nal.  

25 20. A device for measuring a flow speed of a fluid in a con

duit with a travel time ultrasonic flow meter, comprising 

- a first connector, 

- a first ultrasonic clamp-on transducer which is con

nected to the first connector, 

30 - a second connector, 

- a second ultrasonic clamp-on transducer which is con

nected to the second connector,
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a portion of a conduit, the first ultrasonic clamp-on 

transducer being mounted to the conduit portion at a 

first location, 

and the second ultrasonic clamp-on transducer being 

5 mounted to the conduit portion at a location, 

wherein respective connection lines between the first ul

trasonic clamp-on transducer and the second clamp-on ul

trasonic transducer extend outside of a symmetry axis of 

the fluid conduit, 

10 - a transmitting unit for sending impulse signals and for 

sending measuring signals, 

- a receiving unit for receiving response signals, 

- a processing unit for deriving a measuring signal from 

an inverted signal, wherein the derivation of the invert

15 ed signal comprises reversing a signal portion of a re

sponse signal of a corresponding impulse signal or of a 

signal derived therefrom with respect to time, 

and wherein the processing unit, the transmitting unit 

and the receiving unit are operative 

20 to apply the measuring signal to the first connector, 

to receive a response signal of the first measuring sig

nal at the second connector, 

and to derive a flow speed of the fluid from the response 

signal.  

25 

21. The device of item 20, further comprising 

- a D/A converter, the D/A converter being connected to 

the first connector, 

- an A/D converter, the A/D converter being connected to 

30 the second connector, 

- a computer readable memory for storing the measuring 

signal.
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22. The device of item 20, further comprising a selection 

unit, the selection unit being operative to select a por

tion of a received response signal to the impulse signal 

or a signal derived therefrom, and an inverting unit, the 

5 inverting unit being operative to invert the selected 

portion of the received response signal with respect to 

time to obtain the inverted signal.  

23. The device according to item 20, the device comprising 

10 a direct digital signal synthesizer, the direct digital 

signal synthesizer comprising the ADC, 

a frequency control register, a reference oscillator, a 

numerically controlled oscillator and a reconstruction 

low pass filter, the ADC being connectable to the first 

15 and the second connector over the reconstruction low pass 

filter.  

24. The device according to item 20, comprising a portion of 

a conduit, the first ultrasonic transducer being mounted 

20 to the conduit portion at a first location, 

and the second ultrasonic transducer being mounted to the 

conduit portion at a second location.  

25. A method for determining whether a test device is measur

25 ing a flow speed of a fluid in a fluid conduit according 

to one of the items 1 to 5, comprising: 

- providing the fluid conduit with a fluid that has a 

pre-determined velocity with respect to the fluid con

duit, 

30 - providing the fluid conduit with a first ultrasonic 

transducer and a second ultrasonic transducer, 

- applying a test impulse signal to the first ultrasonic 

transducer of the test device,
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- receiving a test response signal of the test impulse 

signal at the second ultrasonic transducer of the test 

device, 

- deriving a test measuring signal from the test response 

5 signal the derivation of the test measuring signal com

prising reversing the respective first or second response 

signal, or a portion thereof, with respect to time, 

- comparing the first test measuring signal with a first 

measuring signal that is emitted at a transducer of the 

10 test device, 

wherein it is determined that the test device is using a 

method to determine a flow speed of a fluid in a fluid 

conduit according to one of the items 1 to 5, if the 

first test measuring signal and the first measuring sig

15 nal are similar.  

26. Method according to item 25, comprising 

- providing the fluid conduit with a third ultrasonic 

transducer, 

20 - applying a test impulse signal to the first ultrasonic 

transducer of the test device or to the second ultrasonic 

transducer of the test device, 

- receiving a second test response signal of the test im

pulse signal at the at the third ultrasonic transducer of 

25 the test device, 

- deriving a second test measuring signal from the second 

test response signal, 

- comparing the second test measuring signal with a sec

ond measuring signal that is emitted at a transducer of 

30 the test device, wherein it is determined that the test 

device is using a method to determine a flow speed of a 

fluid in a fluid conduit according to item 1, if the 

first test measuring signal and the first measuring sig

nal are similar.  

35
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REFERENCE 

10 flow meter arrangement 73 measuring signal gener

11 upstream piezoelectric ator 

element 74 command line 

12 pipe 75 command line 

13 downstream piezoelec- 76 DDS 
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14 direction of average 78 frequency controller 

flow register 
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16 second computation unit oscillator 

17 signal path 80 low pass filter 
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60, 60' flow measurement de

vice 

61 first connector 
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66 demultiplexer 
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68 signal inversion unit 
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70 memory 

71 velocity computation 

unit 

72 impulse signal genera

tor
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CLAIMS 

1. A method for determining a flow speed of a fluid in a flu

id conduit comprising: 

5 - providing the fluid conduit with a fluid that has a pre

determined velocity with respect to the fluid conduit, 

- providing the fluid conduit with a first ultrasonic 

transducer, a second ultrasonic transducer and a third ul

trasonic transducer, 

10 wherein respective connection lines between the first ul

trasonic transducer, the second ultrasonic transducer and 

the third ultrasonic transducer extend outside of a sym

metry axis of the fluid conduit, 

- applying a first measuring signal to the first ultrason

15 ic transducer, and 

- measuring a first response signal of the first measuring 

signal at the second ultrasonic transducer, 

- applying a second measuring signal to the first ultra

sonic transducer, 

20 - measuring a second response signal of the second measur

ing signal at the third ultrasonic transducer, 

wherein the first measuring signal and the second measur

ing signal respectively comprise a reversed signal por

tion with respect to time of a response signal of a corre

25 sponding impulse signal or of a signal derived therefrom, 

- deriving a flow speed of the fluid from at least one of 

the first response signal and the second response signal.  

30 2. The method according to claim 1, 

comprising 

- applying a first reverse direction measuring signal to 

the second ultrasonic transducer, and
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- measuring a first reverse direction response signal of 

the first reverse direction measuring signal at the second 

ultrasonic transducer, 

- applying a second reverse direction measuring signal to 

5 the third ultrasonic transducer, 

- measuring a second reverse direction response signal of 

the second reverse direction measuring signal at the first 

ultrasonic transducer, 

wherein the first reverse direction measuring signal and 

10 the second reverse direction measuring signal respectively 

comprise a reversed signal portion with respect to time of 

a response signal of a corresponding impulse signal or of 

a signal derived therefrom, 

- deriving a flow speed of the fluid from at least one of 

15 the first response signal, the first reverse direction re

sponse signal, the second response signal and the second 

reverse direction response signal.  

3. The method according to claim 1, comprising 

20 - applying a third measuring signal to the second ultra

sonic transducer, 

- measuring a third response signal of the second measur

ing signal at the third ultrasonic transducer, 

wherein the third measuring signal comprises a reversed 

25 signal portion with respect to time of a response signal 

of a corresponding impulse signal or of a signal derived 

therefrom 

- deriving at least one flow speed of the fluid from the 

third response signal.  

30 

4. The method according to claim 3, comprising 

- applying a third reverse direction measuring signal to 

the third ultrasonic transducer,
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- measuring a third reverse direction response signal of 

the third reverse direction measuring signal at the second 

ultrasonic transducer, 

wherein the third reverse direction measuring signal com

5 prises a reversed signal portion with respect to time of a 

response signal of a corresponding impulse signal or of a 

signal derived therefrom 

- deriving at least one flow speed of the fluid from the 

third response signal and the third reverse direction re

10 sponse signal.  

5. A method for determining a flow speed of a fluid in a flu

id conduit comprising: 

- providing the fluid conduit with a fluid that has a pre

15 determined velocity with respect to the fluid conduit, 

- providing the fluid conduit with a first ultrasonic 

clamp-on transducer and a second ultrasonic clamp-on 

transducer, 

wherein a connection line between the first ultrasonic 

20 clamp-on transducer and the second ultrasonic clamp-on 

transducer extends outside of a symmetry axis of the fluid 

conduit, 

- applying a measuring signal to the first ultrasonic 

clamp-on transducer, 

25 - measuring a response signal of the measuring signal at 

the second ultrasonic clamp-on transducer, 

wherein the measuring signal comprises a reversed signal 

portion with respect to time of a response signal of a 

corresponding impulse signal or of a signal derived there

30 from, 

- deriving a flow speed of the fluid from the response 

signal.  

6. The method according to claim 5, comprising
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- applying a reverse direction measuring signal to the 

second ultrasonic clamp-on transducer, 

- measuring a reverse direction response signal of the 

measuring signal at the first ultrasonic clamp-on trans

5 ducer, 

wherein the measuring signal comprises a reversed signal 

portion with respect to time of a response signal of a 

corresponding impulse signal or of a signal derived there

from, 

10 - deriving a flow speed of the fluid from the response 

signal.  

7. The method according to claim 1, wherein the signal por

tion that is used to derive the respective measuring sig

15 nals comprises a first portion around a maximum amplitude 

of a response signal and a trailing signal portion, the 

trailing signal portion extending in time behind the arri

val time of the maximum amplitude.  

20 8. The method according to claim 1, comprising processing of 

at least one of the response signals for determining a 

change in the wall thickness of the conduit or for deter

mining material characteristics of the conduit walls by 

determining longitudinal and transversal sound wave char

25 acteristics.  

9. The method according to claim 1, comprising 

- providing the fluid conduit with a fluid, 

- providing a first impulse signal to one of the first or 

30 the second ultrasonic transducer, 

- receiving a first response signal of the first impulse 

signal at the other one of the first or the second ultra

sonic transducer, 

- providing a second impulse signal to one of the first or 

35 the third ultrasonic transducer,



WO 2017/125781 PCT/IB2016/050218 

74 

- receiving a second response signal of the second impulse 

signal at the other one of the first or the third ultra

sonic transducer, 

- deriving the first measuring signal from the first re

5 sponse signal, 

- deriving the second measuring signal from the second re

sponse signal, 

the derivation of the respective first and second measur

ing signals comprising selecting a signal portion of the 

10 respective first and second response signals or of a sig

nal derived therefrom and reversing the signal portion 

with respect to time, 

- storing the first measuring signal and the second meas

uring signal for later use.  

15 

10. The method according to claim 5, comprising 

- providing the fluid conduit with a fluid, 

- providing an impulse signal to one of the first ultra

sonic clamp-on transducer and the second ultrasonic clamp

20 on transducer, 

- receiving a response signal of the impulse signal at the 

other one of the first ultrasonic clamp-on transducer and 

the second ultrasonic clamp-on transducer, 

- deriving the measuring signal from the response signal, 

25 the derivation of the measuring signal comprising select

ing a signal portion of the respective response signal or 

of a signal derived therefrom and reversing the signal 

portion with respect to time, 

- storing the measuring signal for later use.  

30 

11. The method according to claim 9, comprising 

- repeating the steps of applying an impulse signal and 

receiving a corresponding response signal multiple times, 

thereby obtaining a plurality of response signals,
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- deriving the respective measuring signal from an average 

of the received response signals.  

12. The method according to one of the claim 9, 

5 wherein the derivation of the respective measuring signal 

comprises digitizing the corresponding response signal or 

a signal derived therefrom with respect to amplitude.  

13. The method according to claim 12, comprising increasing 

10 the bit-resolution of the digitized signal for increasing 

an amplitude of a response signal to the respective meas

uring signal.  

14. The method according to claim 12, comprising decreasing 

15 the bit-resolution of the digitized signal for increasing 

an amplitude of a response signal to the respective meas

uring signal.  

15. The method according to claim 12, wherein the bit resolu

20 tion of the digitized signal with respect to the amplitude 

is a low bit resolution.  

16. A computer readable program code comprising computer read

able instructions for executing the method according to 

25 claim 1.  

17. A computer readable memory, the computer readable memory 

comprising the computer readable program code of claim 16.  

30 18. An application specific electronic component, which is op

erable to execute the method according to claim 1.  

19. A device for measuring a flow speed of a fluid in a con

duit with a travel time ultrasonic flow meter, comprising
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- a first connector for connecting a first ultrasonic ele

ment, 

- a second connector for connecting a second ultrasonic 

element, 

5 - a third connector for connecting a third ultrasonic ele

ment, 

- a transmitting unit for sending impulse signals and for 

sending measuring signals, 

- a receiving unit for receiving response signals, 

10 - a processing unit for deriving a first measuring signal 

from a first inverted signal, for deriving a second meas

uring signal from a second inverted signal and for storing 

the first measuring signal and the second measuring sig

nal, 

15 wherein the derivation of the first inverted signal and of 

the second inverted signal comprises reversing a signal 

portion of a response signal of a corresponding impulse 

signal or of a signal derived therefrom with respect to 

time, 

20 and wherein the processing unit, the transmitting unit and 

the receiving unit are operative 

to apply the first measuring signal to the first connect

or, and 

to receive a first response signal of the first measuring 

25 signal at the second connector, 

to apply a second measuring signal to the first connector, 

to receive a second response signal of the second measur

ing signal at the third connector, 

and to derive a flow speed of the fluid from at least one 

30 of the first response signal and the second response sig

nal.  

20. A device for measuring a flow speed of a fluid in a con

duit with a travel time ultrasonic flow meter, comprising 

35 - a first connector,
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- a first ultrasonic clamp-on transducer which is connect

ed to the first connector, 

- a second connector, 

- a second ultrasonic clamp-on transducer which is con

5 nected to the second connector, 

a portion of a conduit, the first ultrasonic clamp-on 

transducer being mounted to the conduit portion at a first 

location, 

and the second ultrasonic clamp-on transducer being mount

10 ed to the conduit portion at a location, 

wherein respective connection lines between the first ul

trasonic clamp-on transducer and the second clamp-on ul

trasonic transducer extend outside of a symmetry axis of 

the fluid conduit, 

15 - a transmitting unit for sending impulse signals and for 

sending measuring signals, 

- a receiving unit for receiving response signals, 

- a processing unit for deriving a measuring signal from 

an inverted signal, wherein the derivation of the inverted 

20 signal comprises reversing a signal portion of a response 

signal of a corresponding impulse signal or of a signal 

derived therefrom with respect to time, 

and wherein the processing unit, the transmitting unit and 

the receiving unit are operative 

25 to apply the measuring signal to the first connector, 

to receive a response signal of the first measuring signal 

at the second connector, 

and to derive a flow speed of the fluid from the response 

signal.  

30 

21. The device of claim 20, further comprising 

- a D/A converter, the D/A converter being connected to 

the first connector, 

- an A/D converter, the A/D converter being connected to 

35 the second connector,
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- a computer readable memory for storing the measuring 

signal.  

22. The device of claim 20, further comprising a selection 

5 unit, the selection unit being operative to select a por

tion of a received response signal to the impulse signal 

or a signal derived therefrom, and an inverting unit, the 

inverting unit being operative to invert the selected por

tion of the received response signal with respect to time 

10 to obtain the inverted signal.  

23. The device according to claim 20, the device comprising 

a direct digital signal synthesizer, the direct digital 

signal synthesizer comprising the ADC, 

15 a frequency control register, a reference oscillator, a 

numerically controlled oscillator and a reconstruction low 

pass filter, the ADC being connectable to the first and 

the second connector over the reconstruction low pass fil

ter.  

20 

24. The device according to claim 20, comprising a portion of 

a conduit, the first ultrasonic transducer being mounted 

to the conduit portion at a first location, 

and the second ultrasonic transducer being mounted to the 

25 conduit portion at a second location.  

25. A method for determining whether a test device is measur

ing a flow speed of a fluid in a fluid conduit according 

to claim 1, comprising: 

30 - providing the fluid conduit with a fluid that has a pre

determined velocity with respect to the fluid conduit, 

- providing the fluid conduit with a first ultrasonic 

transducer and a second ultrasonic transducer, 

- applying a test impulse signal to the first ultrasonic 

35 transducer of the test device,
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- receiving a test response signal of the test impulse 

signal at the second ultrasonic transducer of the test de

vice, 

- deriving a test measuring signal from the test response 

5 signal the derivation of the test measuring signal com

prising reversing the respective first or second response 

signal, or a portion thereof, with respect to time, 

- comparing the first test measuring signal with a first 

measuring signal that is emitted at a transducer of the 

10 test device, 

wherein it is determined that the test device is using a 

method to determine a flow speed of a fluid in a fluid 

conduit according to claim 1, if the first test measuring 

signal and the first measuring signal are similar.  

15 

26. Method according to claim 25, comprising 

- providing the fluid conduit with a third ultrasonic 

transducer, 

- applying a test impulse signal to the first ultrasonic 

20 transducer of the test device or to the second ultrasonic 

transducer of the test device, 

- receiving a second test response signal of the test im

pulse signal at the at the third ultrasonic transducer of 

the test device, 

25 - deriving a second test measuring signal from the second 

test response signal, 

- comparing the second test measuring signal with a second 

measuring signal that is emitted at a transducer of the 

test device, wherein it is determined that the test device 

30 is using a method to determine a flow speed of a fluid in 

a fluid conduit according to claim 1, if the first test 

measuring signal and the first measuring signal are simi

lar.  

35
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