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(54) METHOD FOR CONTROLLING A WATER UTILITY SYSTEM USING A USER PERCEPTION OF 
NOISE

(57) A computer-implemented method for controlling
one or more components of a water utility system, the
water utility system comprising at least one pump assem-
bly, the method comprising: receiving a user indication
indicative of a user-perceived acoustic-noise induced
discomfort experienced at least at a first location, meas-
uring at least a first sound signal at said first location,
determining, based on the measured first sound signal
and based on at least one of a received user indication

of a degree of the user-perceived acoustic-noise induced
discomfort and a received first operational parameter of
the pump assembly, the first operational parameter being
representative of an operational condition of the pump
assembly at the time of said measuring the first sound
signal, one or more adjusted control parameters of the
water utility system, and controlling the water utility sys-
tem based on the determined adjusted control parame-
ters.
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Description

Technical field

[0001] The present disclosure relates to a computer-
implemented method for controlling a water utility sys-
tem.

Background

[0002] Water utility systems are installed in many struc-
tures, such as buildings. Water utility systems may in-
clude a variety of components including e.g. pipes,
valves, boilers, pumps etc. At least some of the compo-
nents of a water utility system can generate acoustic
noise during normal operation. Acoustic vibrations may
further be carried on, and amplified by various compo-
nents of the water utility system and of the building struc-
tures to which these components are mechanically cou-
pled. This may be particularly pronounced when the
acoustic noise induces resonances of the components
of the water utility system or of surrounding structures.
Acoustic noise may result in discomfort or disturbance
to people within a vicinity of the water utility system, e.g.
to residents of a residential building where the water utility
system is installed or to office workers working in an office
building where the water utility system is installed.
[0003] Many parameters may influence the severity of
the discomfort, such as the acoustic properties of the
room in which a person experiences the discomfort, the
auditory system of the person experiencing the discom-
fort, the structural surroundings with which the compo-
nents of the water utility system are mechanically cou-
pled, the presence of other sound sources, etc. There-
fore, it has proven difficult to address acoustic-noise in-
duced discomfort in an efficient manner.

Summary

[0004] According to one aspect, disclosed herein are
embodiments of a computer-implemented method for
controlling one or more components of a water utility sys-
tem, the water utility system comprising at least one pump
assembly. Embodiments of the method comprise:

- receiving a user indication indicative of a user-per-
ceived acoustic-noise induced discomfort experi-
enced at least at a first location,

- measuring at least a first sound signal at said first
location,

- determining, based on the measured first sound sig-
nal and based on at least one of a received user
indication of a degree of the user-perceived acoustic-
noise induced discomfort and a received first oper-
ational parameter of the pump assembly, the first
operational parameter being representative of an op-
erational condition of the pump assembly at the time
of said measuring the first sound signal, one or more

adjusted control parameters of the water utility sys-
tem, and

- controlling the water utility system based on the de-
termined adjusted control parameters.

[0005] Accordingly, embodiments of the method de-
scribed herein control the water utility system responsive
to a user indication that a noise discomfort is being per-
ceived during operation of the water utility system rather
than attempting to solve all potential acoustic noise re-
lated issues during manufacturing of e.g. the pump as-
sembly. Moreover, embodiments of the method de-
scribed herein control the water utility system based on
a measured sound signal at a location where the discom-
fort has been experienced by the user in combination
with a user indication of a degree of the noise discomfort
and/or in combination with an obtained operational pa-
rameter of a pump assembly of the water utility system.
This allows the acoustic noise to be reduced during runt-
ime of the system and in a manner specific to the oper-
ational conditions of the system and/or specific to the
degree of the experienced noise.
[0006] In particular, some embodiments, the method
may determine correlations between the actual opera-
tional condition of the pump assembly and the objectively
measured sound. This allows the method to verify wheth-
er the pump assembly and/or another component of the
water utility system is likely the source of the acoustic
noise and to determine adjustments to the control of the
pump assembly or to another component of the water
utility system that are suitable for reducing the acoustic
noise and, hence, likely to reduce the experienced noise
discomfort.
[0007] The process may receive the user input in a
variety of ways. For example, embodiments of the proc-
ess may be carried out by a suitably programmed or oth-
erwise configured mobile device or by another data
processing system that is suitably programmed to carry
out the process. Accordingly, the process may receive
the user input by means of a suitable program executed
on the mobile device or on another data processing sys-
tem. The program may be a noise reporting program, a
water utility system control program or the like. The mo-
bile device or other data processing system that carries
out the process may provide a suitable user interface
allowing the user to enter relevant information about the
perceived acoustic noise, e.g. a degree of the perceived
noise, a location where the noise is perceived, a time at
which the noise is perceived, the type of noise perceived,
and/or the like. The degree of the perceived noise may
be a degree of perceived loudness, a degree of perceived
sharpness, or another parameter indicative of a degree
of an attribute of the perceived noise. The location may
be identified as a location in a building, e.g. by designat-
ing a particular floor, room etc. and/or by specifying a
location relative to the water utility system, e.g. by des-
ignating a distance from a component of the system, e.g.
a distance from the pump assembly. The time at which
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the noise is perceived may be specified as a current date
and time, as a time of day, as a day of the week and/or
the like. In some embodiments, some or all of the infor-
mation may be entered manually by the user. In some
embodiments, at least some of the information may be
determined automatically, e.g. by the mobile device or
other data processing system that is used to enter the
information. For example, the time of the perceived noise
may be recorded by the mobile device or other data
processing system as the time at which the process has
been invoked or the time at which the input has been
received by the process. Similarly, the location may be
determined by the mobile device as the position of the
mobile device at the time of reporting, e.g. using a suit-
able positioning system.
[0008] In some embodiments, receiving the user indi-
cation comprises receiving a descriptive characterization
of the user-perceived noise discomfort and the determin-
ing is based on the received descriptive characterization.
For example, the process may provide a user interface
that allows the user to enter the descriptive characteri-
zation, e.g. as a free text input, as spoken input or the
like. In such embodiments, the process may comprise a
natural language processing module configured to ana-
lyze the descriptive characterization so as to extract one
or more attributes of the perceived noise discomfort, in
particular a degree of the noise, e.g. a degree of an at-
tribute thereof. In other embodiments, the process may
provide a user interface that allows the user to select one
or more of a plurality of predetermined attributes, e.g. by
ticking off the selected attributes in a list of selectable
attributes. The attributes may for example include at-
tributes indicative of the type of the experienced acoustic
noise, e.g. by classifying the noise as "humming", "ham-
mering", "sharp", and/or the like. Alternatively or addi-
tionally, the attributes may include attributes that indicate
a degree of discomfort, e.g. on a predetermined scale
that may range from "no discomfort" via "acceptable" to
"very severe". Similarly degrees of other attributes of the
perceive noise discomfort may be input in a similar man-
ner, such as a degree of loudness, sharpness etc. The
process may then use the selected attributes directly as
characteristics of the perceived noise discomfort or the
process may translate the selected combination of at-
tributes into characteristics of the perceived noise dis-
comfort, e.g. using a look-up table or a more complex set
of translation rules.
[0009] In some embodiments, receiving the user indi-
cation may include receiving a user indication and infor-
mation about a single occurrence of a perceived noise
discomfort. Alternatively, receiving the user indication
may include receiving a user indication and information
about multiple occurrences of a perceived noise discom-
fort, e.g. occurrences at different locations and/or at dif-
ferent times, e.g. different times of day. Accordingly, the
process may, based on the received information about
multiple occurrences, measure multiple sound signals
e.g. at respective locations and/or respective times. The

locations and/or times of the measurements are prefer-
ably based on, e.g. match, the times and/or locations
indicated by the received information about multiple oc-
currences. Additionally or alternatively, the process may,
based on the received information about multiple occur-
rences, obtain information about operational parameters
from multiple pump assemblies of the water utility sys-
tem, e.g. pump assemblies located at different locations
within a building, and/or operational parameters indica-
tive of the operational conditions of one or more pump
assemblies at different times. To this end the process
may establish communication with multiple pump assem-
blies so as to read out their current operational parame-
ters and, optionally, log information about historic oper-
ational parameters. The process may even establish
communication with one or more pump assembly at dif-
ferent times so as to read out information about current
operational parameters at different times.
[0010] It will be appreciated that the user indication
may include additional or alternative information, such
as information about the water utility system, e.g. the type
and/or location of the pump assembly, information such
as a serial number which identifies the pump assembly,
information about the building or other mechanical struc-
tures in which the water utility system is installed, user
information, etc.
[0011] Measuring at least the first sound signal at said
first location may be performed by the same device that
receives the user indication, e.g. by a mobile device, or
by a dedicated sound measuring device communicative-
ly coupled to the data processing system. The sound
signal may be measured by a suitable microphone, e.g.
by an internal microphone of the mobile device or by a
separate microphone connectable to the mobile device
or to another data processing system. The sound signal
may represent a measurement over a suitable period of
time, e.g. 1 s or multiple seconds or even one minute or
more. It will be appreciated that a suitable duration of the
measurement may depend on the nature of the noise.
The duration may be predetermined, automatically se-
lected or user selected. An automatic selection may be
based on the received user input about the characteris-
tics of the perceived noise discomfort and/or dynamically
selected based on a real-time analysis of the measured
sound signal.
[0012] In some embodiments, the process may include
measuring multiple sound signals, e.g. at respective
times and/or at respective locations and or under different
operational conditions of the pump assembly. Accord-
ingly, the process may determine correlations between
sound signals measured at different times and/or corre-
lations between sound signals measured at different lo-
cations within a building and/or other types of correla-
tions, e.g. between sound signals measured under dif-
ferent operational conditions.
[0013] In particular, in some embodiments, the method
comprises:
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- measuring at least a second sound signal at said
first location subsequent to said measuring the first
sound signal,

- optionally obtaining at least one second operational
parameter of the pump assembly representative of
an operational condition of the pump assembly at
the time of said measuring the second sound signal,

wherein determining the one or more adjusted control
parameters of the water utility system is further based on
said measured second sound signal and on the at least
one first operational parameter and/or the obtained at
least one second operational parameter. For example,
in some embodiments the determining may comprise
processing the measured second sound signal and said
obtained at least one first and/or second operational pa-
rameter to determine a correlation between the opera-
tional condition and the measured second sound signal.
The at least one second operational parameter may be
the same parameter(s) as the at least one first operational
parameter, but representing the operational condition of
the pump assembly at a different time. Alternatively the
at least one second operational parameter may only in-
clude some of the at least one first operational parameter
and/or include one or more additional or alternative pa-
rameters. Accordingly, the process may determine cor-
relations between the operational condition and sound
signals measured at different times. It will be appreciated
that, when the first and the second sound signals are
measured within a sufficiently short period of time during
which the operational condition of the pump assembly
does not change significantly, it may be sufficient to only
obtain the at least one first operational parameter.
[0014] Alternatively or additionally, some embodi-
ments of the method may comprise:

- measuring at least one additional sound signal at a
second location, different from the first location,

- optionally obtaining at least one supplemental oper-
ational parameter of the pump assembly represent-
ative of an operational condition of the pump assem-
bly at the time of said measuring the at least one
additional sound signal,

wherein determining the one or more adjusted control
parameters of the water utility system is further based on
the at least one additional sound signal measured at the
second location and, optionally, on the obtained at least
one supplemental operational parameter. For example,
in some embodiments the determining may comprise
processing the at least one additional sound signal meas-
ured at the second location and the obtained first oper-
ational parameter and/or the obtained supplemental op-
erational parameter to determine a correlation between
the operational condition and the at least one additional
sound signal measured at the second location. The at
least one supplemental operational parameter may be
the same parameter(s) as the at least one first operational

parameter but indicative of the operational condition at
a different time. Alternatively the at least one supplemen-
tal operational parameter may only include some of the
at least one first operational parameter and/or include
one or more additional or alternative parameters. Accord-
ingly, the process may determine correlations between
the operational condition and sound signals measured
at different locations. It will be appreciated that, when the
first and the additional sound signals are measured within
a sufficiently short period of time during which the oper-
ational condition of the pump assembly does not change
significantly, it may be sufficient to only obtain the at least
one first operational parameter.
[0015] Measuring multiple sound signals at different
times and/or locations thus allows the process to deter-
mine correlations between the measured sound signals
and other information, in particular the operational con-
ditions of a pump assembly of the water utility system,
and to use the determined correlations in determining
suitable parameters for reducing the acoustic noise.
Measuring multiple sound signals at different times
and/or locations may be particularly useful in situations
where the exact source of the acoustic noise is unknown
or uncertain, e.g. when the water utility system includes
multiple components, e.g. multiple pump assemblies,
that may be the origin of the perceived noise discomfort.
The multiple measurements may aid the process in de-
termining which pump assembly to determine adjusted
control parameters for. Similarly, multiple measurements
may allow the process to determine multiple alternative
sets of adjusted parameters that may be applied at dif-
ferent times, e.g. at different times of day or when the
user stays at different locations within a building, etc.
[0016] In some embodiments, the method comprises:

- measuring the first sound signal while the pump as-
sembly is operated based on an initial set of opera-
tional parameters,

- controlling the pump assembly to operate based on
a set of preliminarily changed operational parame-
ters, and

- measuring at least one additional sound signal while
the pump assembly is operated based on the pre-
liminarily changed operational parameters,

and wherein determining the one or more adjusted con-
trol parameters of the water utility system is further based
on the at least one additional sound signal and on the
set of preliminarily changed operational parameters.
[0017] In particular controlling the pump assembly may
comprise preliminarily changing one or more control pa-
rameters of the pump assembly so as to cause the pump
assembly to operate based on preliminarily changed op-
erational parameters.
[0018] The determination of the resulting adjustment
of the control parameters to be affected may thus be
based on the first and the at least one additional sound
signals and on the corresponding initial and preliminarily
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changed operational parameters.
[0019] It will be appreciated that the process may com-
prise measurement of yet further sound signals based
on yet further preliminary changed operational parame-
ters. The preliminary change of the operational parame-
ters may be selected in a deterministic or random man-
ner, in particular so as to allow exploring of a state space
of the pump assembly.
[0020] The first and additional sound signals may be
measured as discrete measurements or as a single con-
tinuous measurement of a combined sound signal where
the first sound signal constitutes an initial portion of the
combined sound signal and the additional sound signal
constitutes a subsequent portion of the combined sound
signal. For example, during the continuing measurement,
the operational parameters may be changed in discrete
steps or in a gradual manner, e.g. by gradually changing
the operational parameter during the continuous meas-
urement. For example, the process may include operat-
ing the pump assembly at different speeds, e.g. gradually
or discretely varying speeds an measuring sound signals
while the pump assembly is operated at the different
speeds.
[0021] The process may obtain at least the first oper-
ational parameter by the user entering a parameter value
of the first operational parameter. To this end, the user
may read the parameter value on a display of the pump
assembly and manually enter the read parameter value
into a mobile device or other data processing system.
Alternatively, at least the first operational parameter may
be received from the pump assembly e.g. by wired or
wireless communication with the pump assembly. To this
end, the mobile device or other data processing system
performing the method may establish a direct or indirect
communications link with the pump assembly and re-
ceive one or more operational parameters of the pump
assembly. Accordingly, the mobile device or other data
processing system carrying out an embodiment of the
method described herein may include a data communi-
cations interface, such as a wired or wireless communi-
cations interface. Examples of a wireless communica-
tions interface include a radio-frequency communica-
tions interface, such as a Bluetooth interface, a Wifi in-
terface, of the like. Other examples include a near-field
communications interface or another type of contactless
communications interface. The pump assembly may thus
also include a corresponding data communications inter-
face and be configured to transmit one or more opera-
tional parameters to the mobile device or other data
processing system. The communication of the operation-
al parameters may be a direct communication from the
pump assembly to the mobile device or an indirect com-
munication. For example, the pump assembly may com-
municate operational parameters to a remote host sys-
tem and the mobile device may receive the operational
parameters from the remote host system.
[0022] For example, the mobile device or other data
processing system may be configured, upon receipt of

the user indication about a perceived acoustic-noise in-
duced discomfort, instruct the user to move a microphone
of the mobile device or other data processing system to
a location where the noise discomfort is being perceived.
Then the mobile device or other data processing system
may initiate the measurement of the sound signal. The
mobile device or other data processing system may fur-
ther establish communication with the pump assembly
and receive the operational parameters. To this end, the
mobile device may instruct the user to move the mobile
device within a communication range of the pump as-
sembly or to otherwise establish a wireless or wired con-
nection with the pump assembly. Preferably the opera-
tional parameters are obtained concurrently with the
measurement or at least at a time similar to the time of
measurement of the first sound signal and while the noise
discomfort is being perceived so as to ensure that the
measured first sound signal and the obtained operational
parameters are representative of the operational condi-
tion of the pump assembly at the time of the measuring
of the first sound signal and at the time of a perceived
noise discomfort. Alternatively, if the pump assembly in-
cludes a storage device for logging operational parame-
ters, the information about the operational parameters at
the time of the measurement of the first sound signal may
be obtained from the log at a later point in time. Yet al-
ternatively, if the pump assembly communicates opera-
tional parameters to a remote host system and the remote
host system includes a storage device for logging oper-
ational parameters, the information about the operational
parameters at the time of the measurement of the first
sound signal may be obtained from the log at a later point
in time.
[0023] Examples of operational parameters of a pump
assembly that may be useful for determining a correlation
between the operational condition and the measured first
sound signal and for determining one or more adjusted
control parameters of the water utility system include: a
pump speed, a valve setting, a voltage and/or frequency
of the supplied electrical power, a switch frequency, a
modulation pattern, and/or the like.
[0024] Embodiments of the method disclosed herein
determine, based on the measured first sound signal and
on said obtained first operational parameter and/or a user
indication of a degree of the perceived noise, one or more
adjusted control parameters of the water utility system.
To this end, the process may include one or more sound
signal processing steps, such as filtering, frequency anal-
ysis, more advanced signal analysis, and/or the like. The
sound signal processing may e.g. result in one or more
attributes representative of the measured sound signal.
In some embodiments, the attributes include one or more
of the following: one or more sound levels, one or more
dominant frequency bands, one or more harmonic fam-
ilies, one or more sideband effects etc. In some embod-
iments, the attributes include additional or alternative at-
tributes, such as one or more sound quality metrics. Ac-
cordingly, in some embodiments, the signal processing
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comprises the computation of one or more sound quality
metrics, e.g. loudness, sharpness, roughness, fluctua-
tion strength, tone-to-noise etc. to quantify characteris-
tics of the measured first sound signal. Thus, the signal
processing may comprise a feature extraction process
for extracting and quantifying detailed acoustic charac-
teristics of the measured first sound signal.
[0025] In some embodiments, determining the one or
more adjusted control parameters of the water utility sys-
tem comprises processing the measured first sound sig-
nal and said obtained first operational parameter and/or
the received user indication of a degree of the perceived
noise to determine a correlation between the operational
condition of the pump assembly and the measured first
sound signal and/or a correlation between the perceived
noise discomfort and the measured first sound signal,
and determining the one or more adjusted control param-
eters of the water utility system based on said processing.
The determination of a correlation between the opera-
tional condition and the measured sound signal may in-
clude the determination of corresponding parameters,
e.g. of a rotational speed of the pump and a dominant
frequency of the measured sound signal. The correlation
may also include a correlation between a change of the
measured sound signal over time and a corresponding
change of the operational parameter and/or the degree
of the perceived noise over time.
[0026] In some embodiments, determining the one or
more adjusted control parameters of the water utility sys-
tem comprises processing the measured first sound sig-
nal to extract one or more features and/or signatures of
the first sound signal. In particular, the processing may
include applying one or more feature extraction algo-
rithms to the measured first sound signal. The process
may further comprise mapping the extracted one or more
features and/or signatures to one or more classes of
noise. In one embodiment, the classes of noise may in-
clude hydraulic noise, motor noise, resonance noise,
and/or the like. Accordingly, the classes of noise may
relate to a classification of the noise by the source of
noise and/or by the type of noise. The process may fur-
ther map the one or more classes of noise to which the
extracted features and/or signatures have been mapped
to one or more candidate control parameters to be ad-
justed in order to reduce the noise. Optionally, this map-
ping may further comprise determining an estimated de-
gree of adjustment for the candidate control parame-
ter(s). The mapping to the one or more control parame-
ters and/or the determination of the estimated degree of
adjustment may further depend on the obtained first op-
erational parameter, i.e. on the current operational con-
dition of the pump assembly.
[0027] Each or both of the above mappings may be
made by means of a look-up table or a suitable mathe-
matical model, such as a rule-based model or a machine-
learning model. For example, a machine-learning model
may be trained to map sound signals to features and/or
to map features to noise classes and/or to candidate pa-

rameters to be adjusted. In some embodiments the
above mappings may be performed by a multi-layer neu-
ral network or another suitable machine learning model.
[0028] In some embodiments, determining the one or
more adjusted control parameters may be based on ad-
ditional information, e.g. information input by the user,
information about a location at which the discomfort is
being perceived, or the like. The information input by the
user may include a characterization of the acoustic noise
as described herein. The location at which the discomfort
is being received may be expressed as a distance to the
pump assembly or to another component of the water
utility system or in a different manner. For example, the
additional information may include information about a
location at which the discomfort is being perceived, e.g.
a location relative to the pump assembly, such as a dis-
tance relative to the pump assembly. The additional in-
formation may e.g. be used during a classification of the
noise based on extracted features of the sound signal.
For example, when the distance to the pump assembly
is relatively short, the noise is likely airborne, while noise
perceived at a larger distance from the pump assembly
or other likely source of the noise is likely structure-borne
or fluid borne.
[0029] In some embodiments, determining the one or
more adjusted control parameters may be based on one
or more parameter adjustment rules or models, e.g. on
a rule-based model, a decision tree, on an expert system
and/or a machine-learning model such as a neural net-
work and/or another type of artificial intelligence system.
For example, an artificial intelligence system may receive
a representation of the measured sound signal and the
obtained operational parameters and/or indication of the
degree of the perceived noise and, optionally, additional
information as inputs, and provide a set of control param-
eter values as an output. For example, a machine learn-
ing process may be trained to determine the control pa-
rameters based on a set of training examples. Each train-
ing example may include a measured sound signal, cor-
responding operational parameters of a pump assembly
and, optionally, additional information. Each training ex-
ample may additionally include a set of control parame-
ters that have been determined to provide a reduction of
the perceived acoustic-noise induced discomfort under
the circumstances represented by the measured sound
signal and the operational parameters of the respective
training example. The latter may be determined from
feedback received by the process from the user, e.g. in
the form of an indication of a change of the level of the
perceived discomfort after the adjustment has been im-
plemented. The above data may e.g. have been collected
in real-life installations during previous efforts to reduce
acoustic noise. The data may be used to train a machine-
learning model, e.g. a neural network, using training al-
gorithms known as such in the art.
[0030] In some embodiments, the process may com-
municate the measured first sound signal and/or one or
more attributes of the measured first sound signal to a
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remote host system. For example, the process may com-
municate one or more results of a sound processing step
performed on the measured sound signal to the remote
host system. Additionally, the process may communicate
additional data such as user feedback and/or information
about the adjustments to the control of the system to the
remote host system. Yet further, in embodiments where
the process includes measurement of additional sound
signals, the process may communicate the additional
sound signals and/or determined attributes thereof
and/or associated additional data to the remote host sys-
tem. Accordingly, the remote host system may collect
data from multiple water utility systems and use the col-
lected data as training examples for training an updated
machine-learning model for use in subsequent determi-
nations of adjusted control parameters. The remote host
system may thus refine the best actions (policy) given
the feedback across multiple installations/systems. This
refinement may be done automatically, e.g. using ma-
chine learning, or at least partly based on user input. The
remote host system may be a suitably programmed serv-
er computer or other data processing system, such as a
distributed data processing system, a virtual machine,
etc. The remote host system may thus receive corre-
sponding data from multiple mobile devices and/or data
associated with multiple users and/or multiple water sup-
ply systems. The remote host system may apply a suit-
able machine-learning method, such as reinforcement
learning, to train an updated machine-learning model giv-
en the input and feedback across multiple systems and/or
users. The remote host system may then transmit an
updated machine-learning model to the mobile device
for future use by the mobile device when analysing a
subsequent sound signal. Alternatively, in embodiments
where the model is applied by the remote host system,
the remote host system may not need to transmit the
updated model to the mobile device but merely apply the
updated model responsive to receiving a subsequent set
of inputs. In some embodiments, the refined best actions
(policy) given the feedback across multiple installa-
tions/systems may also be used in defining default pa-
rameter settings for the control parameters to be used
when manufacturing or otherwise configuring pumps.
[0031] Generally, the determining of adjusted control
parameters may be based on stored data indicative of
known correlations between operational conditions and
sound signals. It will be appreciated that a number of
different models may be employed, including hybrid mod-
els that include one or more machine-learning compo-
nents and other, e.g. rule-based, components. In some
embodiments, the model may include a machine-learn-
ing classification model that maps extracted features
from the measured sound signal and, optionally, opera-
tional parameters of the pump system to a selected one
of a number of predetermined classes of control strate-
gies. Each control strategy may be defined by, or other-
wise be associated with one or more control parameters.
The training of the machine-learning model may be per-

formed as supervised learning. In some embodiments,
the machine-learning model may be trained using an re-
inforcement learning method. A reinforcement learning
method may use the degree of the perceived noise as a
reward feedback.
[0032] Generally, many adjustable control parameters
of a pump assembly and/or of other components of a
water utility system influence the noise generated by the
water utility system. Accordingly, various embodiments
of the process described herein may control different
types of control parameters, including one or more con-
trol parameters for controlling operation of the pump as-
sembly and/or control parameters for controlling opera-
tion of one or more other components of the water utility
system. Examples of control parameters that may be ad-
justed by some embodiments of the process described
herein include one or more of the following: a pump
speed, a valve setting, a voltage and/or frequency of a
drive current for driving a pump motor, a control mode of
the pump assembly, a parameter indicative of a selected
control strategy, and/or the like.
[0033] In some embodiments, the method comprises
determining at least a first set of adjusted control param-
eters and a second set of adjusted control parameters.
Controlling may thus comprise selecting one of the first
and second sets of control parameters, e.g. conditioned
on one or more of: a user input, a time of day, a day of
week, an operational mode of the water utility system.
For example, the process may determine two or more
alternative adjustments of the control parameters and
the user may be given the option of selecting one of the
alternatives. To this end, the process may allow the user
to tentatively try each of the alternative adjustments and
then select the adjustment that results in the lowest per-
ceived discomfort as a final adjustment. Alternatively, the
process may automatically adjust the control parameters
of the water utility system. Alternatively or additionally,
the process may determine multiple alternative sets of
control parameter values and selectively control the wa-
ter utility system at different times based on respective
ones of the determined alternative sets. For example,
the process may result in one set of control parameters
that results in a lowest perceived discomfort in a bedroom
of a building and select this set at night when the user is
likely to stay in the bedroom. At other times of day, the
process may select a different set of control parameters,
e.g. one that results in a lower perceived noise discomfort
at other locations of the building and/or a set that is pref-
erable for other reasons, e.g. to increase performance
of the water utility system, save energy and/or the like.
In some embodiments, the process may create a plurality
of user-specific operational profiles, each having respec-
tive sets of control parameters. The process may allow
the user to manually select individual ones of the profiles
and/or provide a mechanism for automatically switching
between different user profiles, e.g. based on the time of
day, day of week, an operational state of the water utility
system, and/or the like. A manual selection may be done
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via a user interface of the pump assembly, a remote con-
trol, a central control unit, etc.
[0034] In some embodiments, the process receives
feedback from the user, e.g. responsive to controlling the
water utility system based on the determined control pa-
rameters. The feedback may e.g. be in the form of a user
input, e.g. a user selection among two or more options.
The user feedback may be indicative of a degree of the
perceived noise or of a change in the degree of the per-
ceived noise. For example, after having adjusted the con-
trol parameters, the process may request user feedback
as to whether the perceived noise discomfort has been
improved, gotten worse or remained unchanged. Such
user feedback may allow the process to arrive at an op-
timal choice of control parameters in an iterative manner,
e.g. using reinforcement learning or another suitable
adaptive strategy. To this end, according to some em-
bodiments, the method comprises: receiving a user indi-
cation indicative of a user-perceived change of the noise
discomfort experienced at least at the first location; and
optionally repeating the measuring, obtaining, determin-
ing and controlling responsive to the received user indi-
cation. Accordingly, even if acoustic noise cannot entirely
be avoided, the process allows the noise to at least be
adapted to individual sound quality preferences of the
user.
[0035] Alternatively or additionally, the received user
feedback may be used to create or at least to supplement
a set of training examples for training a machine-learning
model configured to determine adjusted control param-
eters as described herein. In particular, the measured
first sound signal, the obtained operational parameters,
the determined adjusted control parameters and the user
feedback may together form a training example for use
in training a subsequent machine learning model.
[0036] Generally, as the adjustment of the control pa-
rameters is i.a. based on initial user input and/or user
feedback, the adjustment of the control parameters may
be based on one or more individual parameter adaptation
rules, e.g. an individual user metrics, defined for the in-
dividual user based on the input and/or feedback. In par-
ticular, the process may implement a personalized active
control of the pump assembly based on the user input
and/or feedback.
[0037] Embodiments of the water utility system include
a pump assembly. Some embodiments of a pump as-
sembly include a pump and a motor, such as an electric
motor, and a control circuit for controlling the motor.
Some embodiments of the water utility system include
further components, such as pipes, valves, reservoirs,
boilers, etc. In some embodiments, the water utility sys-
tem comprises two or more pump assemblies; wherein
obtaining comprises obtaining respective operational pa-
rameters from each of the pump assemblies and wherein
determining adjusted control parameters comprises de-
termining adjusted control parameters for at least one,
such as at least two of said pump assemblies. Accord-
ingly, the process may determine which of a plurality of

pump assemblies is likely the origin of the perceived
noise discomfort, e.g. by determining a strongest corre-
lation between the operational condition of said pump
assembly with the measured sound signal(s). Moreover,
the process may reduce acoustic noise related to inter-
ference between the operation of the multiple pump as-
semblies.
[0038] In some embodiments, the mobile device or oth-
er data processing system carrying out an embodiment
of the method described herein, may communicate the
determined adjusted control parameters to a control cir-
cuit for controlling the water utility system, e.g. via a wired
or wireless data communications connection. To this end,
the mobile device or other data processing system per-
forming the method may establish a direct or indirect
communications link with the pump assembly and/or with
another component of the water utility system so as to
transmit one or more adjusted control parameters to the
pump assembly or other component and to cause the
pump assembly or other component to operate based on
the transmitted control parameters. Accordingly, the mo-
bile device or other data processing system carrying out
embodiments of the method described herein may in-
clude a data communications interface, such as a wired
or wireless communications interface. Examples of a
wireless communications interface include radio-fre-
quency communications interface, such as a Bluetooth
interface, a Wifi interface or the like. Other examples in-
clude a near-field communications interface or another
type of contactless communications interface. The pump
assembly or other component may thus include a corre-
sponding data communications interface and be config-
ured to receive adjusted control parameters transmitted
by the mobile device or other data processing system.
In some embodiments, the adjusted control parameters
are communicated from the mobile device to a remote
host system which, in turn, communicates the adjusted
control parameters to the pump assembly or other part
of the water utility system.
[0039] It is noted that features of the various embodi-
ments of a computer-implemented method described
above and in the following may be implemented at least
in part in software or firmware and carried out on a data
processing system or other processing means caused
by the execution of program code means such as com-
puter-executable instructions. Here and in the following,
the term processing means comprises any circuit and/or
device suitably adapted to perform the above functions.
In particular, the above term comprises general- or spe-
cial-purpose programmable microprocessors, Digital
Signal Processors (DSP), Application Specific Integrated
Circuits (ASIC), Programmable Logic Arrays (PLA), Field
Programmable Gate Arrays (FPGA), Graphical Process-
ing Units (GPU), special purpose electronic circuits, etc.,
or a combination thereof.
[0040] The present disclosure relates to different as-
pects, including the method described above and in the
following, further methods, systems, devices and product
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means, each yielding one or more of the benefits and
advantages described in connection with one or more of
the other aspects, and each having one or more embod-
iments corresponding to the embodiments described in
connection with one or more of the other aspects de-
scribed herein and/or as disclosed in the appended
claims.
[0041] In particular, another aspect disclosed herein
relates to embodiments of a data processing system con-
figured to perform the acts of the method described here-
in. To this end, the data processing system may have
stored thereon program code configured, when executed
by the data processing system, to cause the data
processing system to perform the acts of the method de-
scribed herein. In some embodiments, the data process-
ing system may include a mobile device, in particular a
portable data processing device, such as a tablet com-
puter or a mobile phone. The mobile device may include
a microphone for measuring the sound signal and/or a
data communications interface for communicating with
the pump assembly and/or other component of the water
utility system. The mobile device may be suitably pro-
grammed, e.g. by an app or other form of software, to
perform an embodiment of the process described herein,
either alone as a stand-alone device or as part of a dis-
tributed data processing system, e.g. as a client terminal
of a client-server system or as a client terminal of a cloud-
based architecture.
[0042] Yet another aspect disclosed herein relates to
embodiments of a computer program configured to cause
a data processing system to perform the steps of the
computer-implemented method described above and in
the following. A computer program may comprise pro-
gram code means adapted to cause a data processing
system to perform the steps of the computer-implement-
ed method disclosed above and in the following when
the program code means are executed on the data
processing system. The computer program may be
stored on a computer-readable storage medium, in par-
ticular a non-transient storage medium, or embodied as
a data signal. The non-transient storage medium may
comprise any suitable circuitry or device for storing data,
such as a RAM, a ROM, an EPROM, EEPROM, flash
memory, magnetic or optical storage device, such as a
CD ROM, a DVD, a hard disk, and/or the like.

Brief description of the drawings

[0043] The above and other aspects will be apparent
and elucidated from the embodiments described in the
following with reference to the drawing in which:

FIG. 1 schematically illustrates a water utility system
and a mobile device communicatively coupled to the
water utility system and configured to control the wa-
ter utility system.
FIG. 2 schematically illustrates a block diagram of a
water utility system and a mobile device communi-

catively coupled to the water utility system and con-
figured to control the water utility system.
FIG. 3 illustrates a process of controlling a water util-
ity system.
FIG. 4 illustrates a process of determining parameter
adjustments based on a measured sound signal.
FIG. 5 illustrates another process of controlling a wa-
ter utility system.
FIG. 6 illustrates yet another process of controlling
a water utility system.

Detailed description

[0044] FIG. 1 schematically illustrates a water utility
system, generally designated by reference numeral 100,
and a mobile device 30 communicatively coupled to the
water utility system via communications link 60 and con-
figured to adjust control of the water utility system. The
water utility system 100 includes a pump assembly 20
and other components, in this example illustrated by a
water boiler 10. Though not explicitly shown in FIG. 1 for
ease of illustration, it will be appreciated that embodi-
ments of a water utility system typically include a number
of alternative or additional components, such as valves,
meters, additional pump assemblies, pipes, filter sys-
tems, and/or the like.
[0045] The mobile device 30 may e.g. be operated by
a technician 40 or by a user of the water utility system.
While the mobile device 30 is illustrated as a mobile
phone, it will be appreciated that embodiments of a water
utility system may be controllable by other types of data
processing systems, such as other types of mobile de-
vices, e.g. a suitably programmed tablet computer or oth-
er type of portable data processing device. It will further
be appreciated that a water utility system may be con-
trollable by more than one mobile device or other data
processing system. For example, each service techni-
cian or even each user may be provided with a mobile
device. It will further be appreciated that the mobile de-
vice 30 does not need to be operable for controlling only
a single water utility system but may instead be operable
to control different water utility systems based on indica-
tions of perceived acoustic-noise induced discomfort and
based on measured sound signals as described herein.
[0046] The mobile device 30 is configured to receive
an indication of a perceived acoustic-noise induced dis-
comfort, such as including an indication of a degree of
the perceived noise discomfort, e.g. via a user-interface
of the mobile device. The mobile device 30 is further con-
figured to measure a sound signal 50, in particular a
sound signal representing the acoustic noise originating
from the water utility system 100, at a location where the
acoustic-noise induced discomfort has been perceived.
Moreover, the mobile device 30 is configured to establish
a communications link 60 with the pump assembly 20 so
as to receive, from the pump assembly via the commu-
nications link 60, at least one operational parameter of
the pump assembly representative of an operational con-
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dition of the pump assembly at the time of said measuring
the sound signal. Examples of operational parameters
include a pump speed, a voltage and/or frequency of a
drive current, an operational mode and/or other settings,
etc. The mobile device 30 is further configured to deter-
mine, based on the measured sound signal and on the
received operational parameter and/or indication of a de-
gree of the perceived noise, one or more adjusted control
parameters of the water utility system. The mobile device
30 is further configured to control the pump assembly
based on the determined adjusted control parameters,
e.g. by transmitting the adjusted control parameters to
the pump assembly via the communications link 60, so
as to cause the pump assembly to operate based on the
adjusted control parameters. It will be appreciated that
the mobile device may be configured to control other
components of the water utility system, e.g. by determin-
ing adjusted control parameters for such other compo-
nents and by transmitting the adjusted control parame-
ters to the other components. To this end, the mobile
device may establish respective communications links
with the other components of the water utility system.
Alternatively, the mobile device may communicate the
adjusted control parameters to the pump assembly 20 or
to a central control unit (not shown) of the water utility
system which may then forward the control parameters
to the relevant components to which the adjusted control
parameters pertain, or control the other components
based on the adjusted control parameters.
[0047] FIG. 2 schematically illustrates a block diagram
of a water utility system and a mobile device communi-
catively coupled to the water utility system and configured
to control the water utility system, e.g. the mobile device
and water utility system of FIG. 1. The water utility system
100 comprises a pump assembly 20 and additional com-
ponents 10, such as valves, meters, additional pump as-
semblies, pipes, boilers, filter systems, and/or the like.
The pump assembly comprises a motor 21 and a pump
24 driven by the motor. The pump assembly further com-
prises a motor controller 23 for controlling operation of
the motor 21. The motor controller may e.g. include a
suitably programmed microprocessor and/or other con-
trol circuitry. The motor controller comprises a memory
231 or other suitable circuitry storing or otherwise repre-
senting one or more control parameters based on which
the motor is controlled. The control parameters may in-
clude one or more of the following: , a control mode, a
speed of the motor, one or more control voltages, fre-
quencies and/or the like of a control current/signal, and/or
the like. The pump assembly further comprises a com-
munications interface 22 which may be a wired or wire-
less interface. For example, a wired interface may include
an electrical connector, such as a USB port for establish-
ing a wired communications interface with an external
device such as with the mobile device 30. Examples of
a wireless communications interface may include a radio
transceiver, e.g. a Bluetooth transceiver a Wifi adapter,
or the like. Other examples of wireless communications

interfaces include an infrared interface, a near-field com-
munications interface, and/or the like.
[0048] The mobile device 30 comprises a communica-
tions interface 32, such as a wired or wireless commu-
nications interface configured to establish a communica-
tions link 60 with the communications interface 22 of the
pump assembly. Accordingly, a wired interface may in-
clude an electrical connector, such as a USB port for
establishing a wired communications interface with the
communications interface 22 of the pump assembly. Ex-
amples of a wireless communications interface may in-
clude a radio transceiver, e.g. a Bluetooth transceiver.
Other examples of wireless communications interfaces
include an infrared interface, a near-field communica-
tions interface, and/or the like. The communications link
60 may be a direct communications link or an indirect
communications link, e.g. via a local network. The mobile
device 30 further comprises a microphone 31 or other
suitable transducer for measuring sound signals. The mi-
crophone may be a built-in microphone of the mobile de-
vice. Alternatively, the microphone may be an external
microphone connectable to the mobile device. The mo-
bile device further comprises a user-interface 35, such
as a touch screen or another type of display and/or other
types of devices for receiving user inputs, such as phys-
ical buttons, a pointing device, such as a mouse, a touch
pad, a camera for capturing user gestures, and/or the
like. The mobile device further comprises a processing
unit 33, such as a suitably programmed microprocessor,
a CPU and/or the like. The processing unit is communi-
catively coupled to the microphone, the communications
interface and the user interface. The processing unit 33
is programmed to perform some or all steps of an em-
bodiment of the process described herein. To this end,
the mobile device comprises a memory 34 for storing
program code, such as one or more apps, and for storing
data, such as for storing recorded sound signals and/or
received operational parameters.
[0049] In some embodiments, the mobile device 30
may further be configured to communicate with a host
system 70, e.g. via a cellular telecommunications net-
work or via a suitable computer network, such as the
internet. To this end, the mobile device may include a
suitable radio interface 36. The mobile device 30 may
communicate measured sound signals and/or received
operational parameters and/or user feedback informa-
tion to the remote host system 70. The remote host sys-
tem may be a suitably programmed server computer or
other data processing system, such as a distributed data
processing system, a virtual machine, etc. The remote
host system 70 may analyse the information received
from the mobile device 30 and return adjusted control
parameters to the mobile device which may then forward
the adjusted control parameters to the pump assembly
20 via communications link 60. In other embodiments,
the mobile device 30 may be operated in a stand-alone
mode, where the mobile device itself performs the anal-
ysis of the measured sound signal, the operational pa-
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rameters and the user feedback and itself determines
the adjusted control parameters.
[0050] Regardless of whether the mobile device 30 or
a remote host system 70 performs the data analysis and
determination of the adjusted control parameters, the
mobile device 30 may still be configured to communicate
with a host system 70 and communicate the obtained
data to the remote host system for use by the host system
in creating improved data analysis models, e.g. by im-
plementing a machine learning process.
[0051] FIG. 3 illustrates a process of controlling a water
utility system, e.g. a process performed by the mobile
device of FIG. 1 or 2 for controlling the water utility system
of FIG. 1 or 2.
[0052] In initial step S1, the process receives a user
indication indicative of a user-perceived acoustic-noise
induced discomfort experienced at least at a first location.
For example, a user of the mobile device may invoke an
app on the mobile device. The process may receive ad-
ditional information about the acoustic-noise induced dis-
comfort, e.g. indicative of a severity or other degree of
the perceived discomfort, the type of acoustic noise, a
location at which the noise is perceived, the time at which
the noise occurs, and/or the like.
[0053] In step S2, the process requests the user to
position the mobile device at a location where the acous-
tic-noise induced discomfort is being perceived. When
the user has positioned the mobile device at said location,
the user may confirm the location, e.g. by pressing a but-
ton on the mobile device.
[0054] In step S3, the mobile device establishes com-
munication with a pump assembly of the water utility sys-
tem and receives operational parameters from the pump
assembly. To this end, the mobile device may determine
whether a pump assembly is within communication range
of the mobile device and establish connection with said
pump assembly. If multiple pump assemblies are within
communication range the mobile device may establish
communication with all of them and receive operational
parameters from all pump assemblies within communi-
cation range. If no pump assembly is in communication
range (or if the pump assembly that is suspected to be
the cause for the noise discomfort is not within commu-
nication range), the mobile device may instruct the user
to initially move the mobile device to a location within
communication range of the pump assembly so as to be
able to receive the operational parameters of the pump
assembly before returning to a location where the sound
measurement is to be performed.
[0055] In step S4, the mobile device records audio for
a period of time, e.g. for a predetermined period of time
or for a user-controllable period of time, such as for a
number of seconds or even for a number of minutes. In
some embodiments, one or more of steps S2 through S4
may be repeated, e.g. at different times of day or where
the mobile device is positioned at different locations when
measuring the sound signal, or in order to receive oper-
ational parameters from multiple pump assemblies posi-

tioned at different locations. Accordingly, the process ac-
quires one or more sets of data including respective
sound signals and associated operational conditions and
additional information, such as user input, location infor-
mation, time information etc.
[0056] In step S5, mobile device may request the user
to provide a user input representative of characteristics,
such as including a degree, of the perceived acoustic-
noise induced discomfort. The user input may be in a
number of forms. For example, the mobile device may
guide the user through one or more questions of an elec-
tronic questionnaire or through steps of a wizard process.
For example, the user may be requested to rate the level
of discomfort on a predetermined scale and/or indicate
characteristics of the discomfort or of the noise. The user
may even be asked to provide a free text description of
the discomfort. If one or more of the measurement steps
S2 through S4 are performed at different times and/or
locations, the process may likewise receive user feed-
back indicative of the perceived noise at said different
times and/or locations.
[0057] If the received user input indicates that the level
of discomfort is satisfactory, the process may terminate;
otherwise the process proceeds at step S6.
[0058] At step S6, the process analyses the measured
sound signal(s), the received operational parameters
from the one or more pump assemblies and the user
feedback so as to determine one or more adjusted control
parameters for controlling one or more of the pump as-
semblies. If the process determines that the noise is un-
likely caused by the water utility system or cannot be
influenced by controlling a pump assembly or other com-
ponents of the water utility system, the process may notify
the user accordingly, e.g. via a display of the mobile de-
vice. For example, the process may perform a correlation
analysis of the operational parameters and the measured
sound signal, e.g. so as to determine whether the dom-
inant spectral content of the sound signal is related to
the pump assembly or one of a plurality of pump assem-
blies. When the dominant frequencies of the measured
sound signal are unrelated to e.g. the rotational speed
of the pump assembly/assemblies, the process may de-
termine that the acoustic noise is unrelated to the water
utility system. Similarly, the process may perform a fea-
ture extraction and noise classification process to deter-
mine a class of the measured noise. When the deter-
mined class of noise is unrelated to e.g. the operational
state of the water supply system, the process may de-
termine that the acoustic noise is unrelated to the water
utility system.
[0059] The determination of the adjusted control pa-
rameters, e.g. the correlation analysis may at least in part
be based on the location of the mobile device relative to
the pump assembly, e.g. as defined by a distance to the
pump assembly. The location information may be man-
ually input by the user or it may be automatically be de-
termined, e.g. by location tracking of the mobile device,
signal strength of the communications link to the pump,
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and/or the like.
[0060] An example of a possible process for analyzing
the sound signal will be described with reference to FIG.
4 below.
[0061] Still referring to FIG. 3, at step S7, the process
controls the one or more pump assembly based on the
adjusted control parameters, e.g. by transmitting the ad-
justed control parameters to the pump assembly.
[0062] The process then returns to step S3 and per-
forms another iteration of acquiring operational parame-
ters, sound measurements and user feedback so as to
determine whether the level of discomfort has been re-
duced. For example, when the pump is running at certain
speeds (rpm), resonance noise can occur in other parts
of the water utility system or even in other structural parts
of a building which are mechanically coupled to the water
utility system. If the rotational speed matches a reso-
nance frequency of the system or other structures, an-
noying noise may occur. Accordingly, the process may
adjust the control parameters of the pump system so as
to cause the pump system to not operate at rotational
speeds that correspond to the dominant frequencies of
the measured sound signal. This process may be repeat-
ed several times until the discomfort has reached a sat-
isfactory level or until the process determines that no
further reduction of the discomfort can be achieved by
adjusting control parameters.
[0063] In some embodiments, the process may com-
municate some or all of the acquired and/or processed
data, user feedback and information about the adjust-
ments to the control of the system to a remote host sys-
tem. Accordingly, the remote host system may collect
data from multiple water utility systems and use the col-
lected data to refine the best actions (policy) given the
feedback across multiple installations/systems. This re-
finement may be done automatically, e.g. using machine
learning, or at least partly based on user input.
[0064] FIG. 4 illustrates a process of determining pa-
rameter adjustments based on a measured sound signal.
[0065] In step S61, the process performs a feature ex-
traction step on the measured sound signal 50. The fea-
ture extraction process may extract a plurality of features
- also referred to as an acoustic signature - from the
measured sound signal. The feature extraction process
may use any method for extracting features from acoustic
signals known as such in the art, e.g. principal component
analysis, etc. The feature extraction may be performed
in the time domain, frequency domain and/or time-fre-
quency domain. Feature extraction in the time domain
may e.g. use the energy envelop of the signal to extract
acoustic features. Alternatively or additionally, the
number of zero crossings of a signal within a time interval
may be used. Feature extraction in the frequency domain
may employ techniques such as Fast Fourier Transform
and/or Power Spectral Density (PSD). Suitable tech-
niques for extracting features in the time-frequency do-
main include Short Time Fourier Transform (STFT) and
Wavelet Transform (WT).

[0066] In step S62, the process determines a noise
class based on the extracted features. To this end, the
process may employ a suitable classifier. A classifier pro-
vides the functions or rules that are used to divide the
feature space into various regions, where each region
belongs to a particular noise class. Generally, classifiers
can be categorized as parametric and nonparametric
classifiers, based on the knowledge of signal distribution
parameters. A parametric classifier is one which can be
represented in closed form i.e. some assumptions are
made about the probability density function for each class
whereas in non-parametric classifiers no assumptions
are made about density function. Examples of suitable
classifiers include a Bayesian Classifier, a Support Vec-
tor Machine, a Gaussian Mixture Model, a Hidden Markov
Model, an Artificial Neural Network, a Decision Tree, a
Fuzzy Logic Rule-Based classifiers, or combinations
thereof.
[0067] The classifier receives the extracted features,
e.g. in the form of a feature vector. In some embodiments,
the classifier may additionally receive one or more oper-
ational parameters indicative of the current operational
state of the pump system 20, e.g. a current pump speed,
voltage, drive frequency, mode of operation, etc.
[0068] Alternatively or additionally, the classifier may
additionally receive one or more inputs from a user 40,
e.g. indicative of the location of the perceived noise, in-
dicative of a subjective classification or rating of the noise
by the user, e.g. an indication of the degree of the per-
ceived noise, and/or the like.
[0069] In step S63, the process selects one or more
control parameters of the pump system to be adjusted.
The selection of the parameters to be adjusted may be
based on the determined noise class. Optionally, the se-
lection of the parameters to be adjusted may further be
based on additional inputs, in particular on the current
operational parameters of the system and/or on user in-
put. The selection may be performed by a rule-based
system, by a machine-learning model such as an artificial
neural network or a combination thereof.
[0070] In step S64, the process determines a specific
adjustment of the selected parameters. As the previous
step, this determination may be based on the determined
noise class and, optionally, on further inputs such as on
the current operational parameters of the system and/or
on user input. The determination may be performed by
a rule-based system, by a machine-learning model such
as an artificial neural network or a combination thereof.
[0071] It will be appreciated that, in some embodiments
some of the above steps may be combined into a single
step or implemented by the same rule-based and/or ma-
chine-learning model. For example, a multi-layer neural
network may be used where one or more initial layers
perform feature extraction and one or more subsequent
layers perform classification and parameter selection
tasks.
[0072] FIGs. 5 and 6 illustrate examples of a process
of controlling a water utility system. In particular, FIGs. 5
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and 6 illustrate an example of how a process may be
distributed between a mobile device 30 and a remote
host system 70, e.g. of a system as described with ref-
erence to FIGs. 1 and/or 2.
[0073] The processes of FIGs. 5 and 6 the process
determines a control strategy to be applied in a given the
situation, i.e. for a given set of inputs, such that the per-
ceived noise discomfort is minimized. The inputs may
include one or more of the following: A computed acoustic
metrics and/or signature, a location, building information,
user information etc. To this end, the process may utilize
reinforcement learning (see e.g. Richard S. Sutton and
Andrew G. Barto. 1998. Introduction to Reinforcement
Learning (1st ed.). MIT Press, Cambridge, MA, USA).
Generally, reinforcement learning seeks to learn a good
policy, i.e. to learn taking an action given the current state,
in order to maximize some reward. In the present em-
bodiment, the state may be defined by the computed
acoustic metrics and/or signature along with optional ad-
ditional information (location, building information, user
information etc.). The set of actions that may be taken
are defined by different control strategies and the reward
signal being the user feedback, which may be represent-
ed by a single scalar value, and which may represent an
indication of how the noise discomfort has been improved
by a given action. In one particular embodiment, Q-Iearn-
ing may be applied. As reinforcement learning may re-
quire relatively much interaction (trials) to learn a good
policy, some embodiments may perform a reinforcement
learning process, e.g. a Q-Iearning process, across a
plurality of users and/or across a plurality of systems, i.e.
all data is collected in a single pool and a single policy is
then learned, which is then applied to all users/systems.
Accordingly, the reinforcement learning process may ad-
vantageously be implemented by a central host system,
e.g. as shown in FIGs. 5 and 6.
[0074] The system of FIG. 5 is similar to the system
described in connection with FIG. 2 and comprises a mo-
bile device 30 and a host system 70. The mobile device
30 is communicatively coupled to the remote host sys-
tem, all as described in connection with FIG. 2.
[0075] During operation, the mobile device 30 records
a sound signal 50. The mobile device 30 further imple-
ments a process for determining adjusted control param-
eters based on the recorded sound signal. For example,
to this end, the mobile device may implement a process
as described in connection with FIGs. 3 and/or 4. In par-
ticular, the mobile device may compute one or more met-
rics and/or signature of the recorded sound signal and
feed the computed metrics/signature into a computation-
al model implementing a control strategy. Optionally, the
mobile device may further feed additional information into
the computational model such as location information,
user information (e.g. the age of the user), etc. Yet further,
the mobile device may feed an input received from a user
40 into the computational model where the input is indic-
ative of a property of the perceived noise, e.g. indicative
of a degree of discomfort, a perceived loudness and/or

the like. The computational model may e.g. include a
classifier and a subsequent parameter selection and ad-
justment stage, e.g. as described in connection with FIG.
4. At least a part of the determination of the control pa-
rameters may be performed by the remote host system
70. To this end, the mobile device 30 may transmit the
recorded audio and/or the extracted acoustic metrics/sig-
nature and, optionally, the additional information, to the
remote host system 70 along with the received user input.
The remote host system may then return a determined
control strategy for adjusting selected control parame-
ters.
[0076] In any event, the mobile device then controls
the water utility system 100 based on the determined
control parameters. The mobile device further receives
input from the user 40 indicative of a perceived noise or
indicative of a change of the experienced noise in re-
sponse to the implemented change in control parame-
ters. The user input may thus serve as a reward in a
reinforcement learning process.
[0077] The mobile device may transmit the received
user input to the remote host system 70. If the mobile
device has not already done so in a previous step, the
mobile device transmits the recorded audio and/or the
extracted acoustic metrics/signature and, optionally, the
additional information, to the remote host system 70
along with the received user input.
[0078] The remote host system 70 implements a rein-
forcement learning process based on the sound signal
and/or computed metrics/signature and, optionally, the
additional information as input representing the state of
the system and based on the user input representing the
reward. The remote host system 70 receives correspond-
ing data from multiple mobile devices and/or data asso-
ciated with multiple users and/or multiple water supply
systems. The remote host system applies reinforcement
learning to learn an optimized policy (i.e. an optimized
selection and adjustment of control parameters) given
the input and reward feedback across multiple systems
and/or users. The remote host system may then transmit
an updated model (implementing an updated control
strategy) to the mobile device for future use by the mobile
device when analysing a subsequent sound signal. Al-
ternatively, in embodiments where the model is applied
by the remote host system, the remote host system may
not need to transmit the updated model to the mobile
device but merely apply the updated model responsive
to receiving a subsequent set of inputs.
[0079] FIG. 6 illustrates a similar process of controlling
a water utility system. The process is similar to the proc-
ess described in connection with FIG. 5, except that in
this embodiment the additional information on which the
control strategy is based further includes one or more
operational parameters of the pump assembly 20 of the
water utility system 100, e.g. a pump speed, pressure
measurements, temperature measurements and/or the
like. Accordingly, the mobile device further receives one
or more operational parameters from the pump assembly
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20.
[0080] Embodiments of the method described herein
can be implemented by means of hardware comprising
several distinct elements, and/or at least in part by means
of a suitably programmed microprocessor. In the appa-
ratus claims enumerating several means, several of
these means can be embodied by one and the same
element, component or item of hardware. The mere fact
that certain measures are recited in mutually different
dependent claims or described in different embodiments
does not indicate that a combination of these measures
cannot be used to advantage. It should be emphasized
that the term "comprises/comprising" when used in this
specification is taken to specify the presence of stated
features, elements, steps or components but does not
preclude the presence or addition of one or more other
features, elements, steps, components or groups there-
of.

Claims

1. A computer-implemented method for controlling one
or more components of a water utility system, the
water utility system comprising at least one pump
assembly, the method comprising:

- receiving a user indication indicative of a user-
perceived acoustic-noise induced discomfort
experienced at least at a first location,
- measuring at least a first sound signal at said
first location,
- determining, based on the measured first
sound signal and based on at least one of a re-
ceived user indication of a degree of the user-
perceived acoustic-noise induced discomfort
and a received first operational parameter of the
pump assembly, the first operational parameter
being representative of an operational condition
of the pump assembly at the time of said meas-
uring the first sound signal, one or more adjusted
control parameters of the water utility system,
and
- controlling the water utility system based on
the determined adjusted control parameters.

2. A computer-implemented method according to claim
1, comprising: receiving a user indication indicative
of a user-perceived change of the noise discomfort
experienced at least at the first location; and option-
ally repeating the measuring, obtaining, determining
and controlling responsive to the received user indi-
cation.

3. A computer-implemented method according to any
one of the preceding claims, comprising obtaining at
least the first operational parameter, and wherein
determining the one or more adjusted control param-

eters of the water utility system comprises process-
ing the measured first sound signal and said ob-
tained first operational parameter to determine a cor-
relation between the operational condition and the
measured first sound signal and determining the one
or more adjusted control parameters of the water
utility system based on said processing.

4. A computer-implemented method according to any
one of the preceding claims; comprising:

- measuring at least a second sound signal at
said first location subsequent to said measuring
the first sound signal,
- optionally obtaining at least one second oper-
ational parameter of the pump assembly repre-
sentative of an operational condition of the pump
assembly at the time of said measuring the sec-
ond sound signal,

wherein determining the one or more adjusted con-
trol parameters of the water utility system is further
based on the measured second sound signal and,
optionally, on said obtained second operational pa-
rameter.

5. A computer-implemented method according to any
one of the preceding claims; comprising

- measuring at least one additional sound signal
at a second location, different from the first lo-
cation,
- optionally obtaining at least one supplemental
operational parameter of the pump assembly
representative of an operational condition of the
pump assembly at the time of said measuring
the additional sound signal,

wherein determining the one or more adjusted con-
trol parameters of the water utility system is further
based on the measured additional sound signal and,
optionally, on said obtained supplemental operation-
al parameter.

6. A computer-implemented method according to any
one of the preceding claims; wherein receiving a user
indication comprises receiving a descriptive charac-
terization of the user-perceived noise discomfort and
wherein at least one of processing and the determin-
ing is based on the received descriptive characteri-
zation.

7. A computer-implemented method according to any
one of the preceding claims; wherein the determining
is based on stored data indicative of known correla-
tions between operational conditions and sound sig-
nals.
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8. A computer-implemented method according to any
one of the preceding claims; wherein determining is
based on at least one of: a decision tree, an expert
system, a machine learning algorithm.

9. A computer-implemented method according to any
one of the preceding claims; wherein the first oper-
ational parameter comprises one or more of the fol-
lowing: pump speed, valve setting, a voltage, a fre-
quency.

10. A computer-implemented method according to any
one of the preceding claims; comprising determining
at least a first set of adjusted control parameters and
a second set of adjusted control parameters; and
wherein controlling comprises selecting one of the
first and second sets of control parameters condi-
tioned on one or more of: a user input, a time of day,
a day of week, an operational state of the water sup-
ply system.

11. A computer-implemented method according to any
one of the preceding claims; wherein the first control
parameter comprises one or more of the following:
a pump speed, a valve setting, a voltage, a frequen-
cy.

12. A computer-implemented method according to any
one of the preceding claims; wherein the water utility
system comprises two or more pump assemblies;
wherein the method comprises obtaining respective
operational parameters from each of the pump as-
semblies and wherein determining adjusted control
parameters comprises determining adjusted control
parameters for at least one, in particular at least two
of said pump assemblies.

13. A data processing system configured to perform the
acts of the method according to any one of claims 1
through 12.

14. A computer program configured to cause a data
processing system to perform the acts of the com-
puter-implemented method according to any one of
claims 1 through 12.

15. A water utility system comprising a pump assembly
and a data processing system according to claim 13.
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