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(57) ABSTRACT

A model formation module (25) is provided for creating a
model for controlling a pressure regulating system (7) of a
water supply network (5), wherein the water supply network
(5) is equipped with one or more pressure sensors of which
at least one remote pressure sensor (17a,b) is arranged
remotely from the pressure regulating system (7), the model
formation module (25) being configured to communicate
with the at least one remote pressure sensor (17a,6). The
model formation module (25) is configured to create said
model without a measured, determined or estimated flow
value on the basis of at least one remote pressure value
determined by the at least one remote pressure sensor
(17a,b) and on the basis of at least one load-dependent
variable of the pressure regulating system (7), said model
representing at least one pressure control curve for control-
ling the pressure regulating system (7).
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MODEL FORMATION MODULE FOR
CREATING A MODEL FOR CONTROLLING
A PRESSURE REGULATING SYSTEM OF A

WATER SUPPLY NETWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority under
35U.S.C. § 119 of European Application 17 178 791.4, filed
Jun. 29, 2017, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure is directed to a model for-
mation module for creating a model for controlling a pres-
sure regulating system of a water supply network, and a
method for controlling a pressure regulating system of a
water supply network. Water supply networks may for
instance be installed in a large building or an agglomeration
of buildings, like a city, a village, a town, a neighborhood or
a quarter.

BACKGROUND

[0003] Typically, large buildings comprise multiple sto-
ries, levels, and/or sections, like rooms, flats, or offices,
which are connected to a water supply network. Usually, a
water supply network has a pressure regulating system in
form of pumps and/or pressure reduction valves (PRV) in
order to ensure that a desired pressure is available at all
extraction points, e.g. tap connections, at any time. How-
ever, the demand of water and the extraction flow varies over
time and differs between sections of the water supply
network. Therefore, such a pressure regulating system needs
an effective controlling to adapt the circulation power of
pumps and/or the opening degree of PRVs to ensure that a
desired pressure is available at any extraction point at any
time.

[0004] EP 2 778 296 Al describes a pump system for a
water supply network, wherein the pump system comprises
flow sensors or a flow determination device for feeding a
flow-dependent model with flow values such that the pumps
of the pump system can be controlled based on such a
flow-dependent model.

[0005] Such a flow-dependent model requires either
installation of flow sensors or an exact knowledge of the
pump characteristics to determine the flow from electrical
parameters of the pumps. Often, neither of this is available.
There is a need for effectively controlling an existing water
supply network without flow sensors and with a pressure
regulating system having unknown characteristics.

SUMMARY

[0006] The model formation module according to the
present disclosure provides an effective and robust model for
controlling an existing water supply network without flow
sensors and with a pressure regulating system having
unknown characteristics. Even if the characteristics of the
pressure regulating system were known at some point in
time, e.g. the pump efficiency, these characteristics may
change or degrade over time and usage. The model forma-
tion module described herein is configured to create a model
that incorporates such changes automatically without know-
ing or determining such changes.
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[0007] According to a first aspect of the present disclo-
sure, a model formation module for creating a model for
controlling a pressure regulating system of a water supply
network is provided. The water supply network is equipped
with one or more pressure sensors of which at least one
remote pressure sensor is arranged remotely from the pres-
sure regulating system. The model formation module is
configured to communicate with the remote pressure sensor.
The model formation module is configured to create said
model without a measured, determined or estimated flow
value on the basis of at least one remote pressure value
determined by the at least one remote pressure sensor and on
the basis of at least one load-dependent variable of the
pressure regulating system, said model representing at least
one pressure control curve for controlling the pressure
regulating system.

[0008] The load-dependent variable of the pressure regu-
lating system may not be directly flow-dependent, although
the flow may somehow scale with the load-dependent vari-
able. It is important to note that no flow value is measured,
determined or estimated. Therefore, neither a flow sensor
nor an exact knowledge of pump characteristics is needed.
The model is based on the remote pressure value and the
load-dependent variable directly and represents at least one
pressure control curve. The model created by the model
formation module may also allow for a detection of a
leakage in the water supply network. For instance, the model
may define a certain expected remote pressure value which
may be compared with an actual remote pressure value
provided by the remote pressure sensor.

[0009] Optionally, at least one of the at least one load-
dependent variable may be a speed and/or an electrical
power consumption of at least one pump of the pressure
regulating system. This is in particular useful when the
pressure in the water supply system is provided by one or
more pump. Alternatively or in addition, at least one of the
at least one load-dependent variable may represent an open-
ing degree of a pressure reduction valve (PRV) of the
pressure regulating system and/or a pressure difference
before and after a pressure reduction valve of the pressure
regulating system. This is in particular useful when the
pressure in the water supply system is at least partially
provided as hydrostatic pressure by an elevated water tank
or a water tank at a high position in or on a building. It
should be understood that the pressure regulating system
may be a pressure regulating device like a pump and/or a
PRY, or a system of two or more pressure regulating devices
like several pumps and/or PRVs.

[0010] Optionally, the model formation module may be
configured to communicate with a control unit for control-
ling a pressure regulating system. For instance, the model
formation module may be implemented in a remote com-
puter system, such as a cloud-based system comprised of
one or more processors/computers, and in wired or wireless
communication connection (link) with the control unit (hav-
ing one or more processors a transmitter/receiver) which
may be configured to control the pressure regulation system
based on the model provided by the model formation
module. Alternatively or in addition, the model formation
module may be part of the control unit, comprised of a
processor (UC, uP, DSP), a plurality of processors with one
or more memory devices or in the form of instructions in a
memory area, which instructions are processed by the one or
more processor, for controlling a pressure regulating system.
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[0011] Optionally, the model formation module may be
configured to take into account, for creating said model, a
pressure difference between the at least one remote pressure
value determined by the least one remote pressure sensor
and at least one outlet pressure value determined by at least
one outlet pressure sensor of the one or more pressure
sensors, the at least one outlet pressure sensor being
arranged at an outlet side of the pressure regulating system.
[0012] For instance, the outlet pressure p_,,, may be param-
eterized as

Pour=§o(0,8,Pa)+00+p* s,

wherein P, is the power consumption of all active pumps of
a pumping station serving as the pressure regulating system,
s is the number of active pumps, o is the speed of the active
pumps, and p*_, is a desired pressure at a remote point. An
uncertainty term may be added to ensure that the pressure is
always high enough at the remote point. The parameters 0
and 6, are model parameters that describe the optimal shape
of the pressure control curve.

[0013] Optionally, the model parameters 0 and 6, may be
determined by running measurement batches of the remote
pressure value p,,,, the outlet pressure p,,, the pump speed
, the number of active pumps s, and the power consump-
tion of all active pumps P,,;. Assuming that a data batch
contains N measurement sets labeled 1, . . ., N, the model
parameters 6 and 6, may then be determined by solving the
following optimization problem

N
0o, 0= argrgr(])lgg ((Poursi = Peri) = (folwis Siv Pay) +00))7.

wherein p,,,,~P.,.; is the pressure difference between the
remote pressure value and the outlet pressure value for the
i-th measurement set, where i€{1, . . . , N}.

[0014] Optionally, the function f, may be parameterized
in the following form:

2
s2 sP.y
Satwapy = [91sw - \/ 62(sw)* + 65 o+ Ta ] ,

or a simpler parameterization may often suffice, e.g.

Poy s\
fg(wyzpa”) =16, 7 + 050 + 03 =)

[0015] If more measured or determined pressure values
are available, the function can have other forms. For
instance, at least one inlet pressure value may be determined
by at least one inlet pressure sensor of the one or more
pressure sensors, wherein the at least one inlet pressure
sensor is arranged at an inlet side of the pressure regulating
system. In this case, the model formation module may be
configured to take into account said at least one inlet
pressure value for creating said model.

[0016] So, in case the inlet pressure p,,, is available as an
alternative to the power consumption of all active pumps
P, the function may have the following form
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F6(0,5,D oui0P 1) =(0 150~
\/92(303)2"'9232"'9432(Pou«‘P;n))z-

Also, this parametrisation may have simpler forms, e.g.:

Pout = Pi 1y?
Sol@, S, Pours Pin) = (91 % +00 +0; 5)

or

2
Sol@, S, Pours Pin) = (915w - \/92(5w)2 + 0452 (Pows = Pin) ) .

[0017] In case the inlet pressure n is available in addition
to the power consumption of all active pumps P,;,, the
function may have the following form

s Pour — Pi Poy 2
Jo(w, S, Pouts Pin) = (91 = +925—0mw - +93w—02 +945w) ,

or in simpler form

Pour — Pi 4
1o, S, Pout, Pin) = (015$ -

P 2
+ Ozﬁ +03sw) .

[0018] Optionally, the model formation module may be
configured to update the model continuously, regularly or
sporadically before, during or after operation of the pressure
regulation system on the basis of changes in the at least one
remote pressure value and/or the at least one load-dependent
variable. This allows for taking into account pump efficiency
degradations or other changes over time within the water
supply network.

[0019] Optionally, the model formation module may be
configured to take into account, for creating said model, at
least one first section pressure value determined by at least
one first section pressure sensor of the one or more pressure
sensors, the at least one first section pressure sensor being
arranged in a first section of the water supply network, and
at least one second section pressure value determined by at
least one second section pressure sensor of the one or more
pressure sensors, the at least one second section pressure
sensor being arranged in a second section of the water
supply network, wherein the first and the second sections of
the water supply network differ from each other and are
arranged downstream of the pressure regulating system.
This is advantageous for taking into account local pump
efficiency degradations or other local changes in the first or
second section of the water supply network. In this case, the
model created by the model formation module may allow
not only for a detection of a leakage in the water supply
network, but also a localization of a leakage to a section of
the water supply network. For instance, the model may
define a certain expected first section pressure value which
may be compared with an actual first section pressure value
provided by the first section pressure sensor. If the actual
value in the first section is significantly below the expected
value, a leakage may be located in the first section. If the
same discrepancy is detected in the second section, the
leakage may be upstream of both the first and the second
section.
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[0020] Optionally, the model may represent a first pressure
control curve for the first section and a second pressure
control curve for the second section, wherein a first pressure
demand is determinable from the first pressure control curve
and a second pressure demand is determinable from the
second pressure control curve based on the load-dependent
variable, such that the higher of the first pressure demand
and the second pressure demand is identifiable. This is in
particular useful if the most critical section is not always the
same. For instance, the most critical section in a multi-story
building may always be the level(s) at highest altitude.
However, in agglomerations with sections in form of neigh-
borhoods or quarters, the pressure demand may change
between the sections. The model representing one up-to-date
pressure control curve for each section may then allow for
determining the section with highest pressure demand based
on the load-dependent variable to control the pressure regu-
lation system in order to meet the highest pressure demand
in the water supply network.

[0021] Optionally, the model formation module may be
configured to update the model continuously, regularly or
sporadically, wherein a previous or pre-determined pressure
control curve is comparable with an updated pressure con-
trol curve for a given load-dependent variable, such that a
leakage or blockage in the water supply network is identi-
fiable based on such a comparison. The comparison and/or
the leakage/blockage identification may be performed by the
model formation module, the control unit and/or a separate
leakage/blockage detection module. For instance, upon a
model update, the pressure control curve may change out-
side of an expected range of change. Such a change may be
an indication for a leakage or a blockage in the water supply
network. A sudden high pressure demand according to the
updated model may indicate a leakage.

[0022] Likewise, a sudden low pressure demand according
to the updated model may indicate a blockage.

[0023] Optionally, the model formation module may be
configured to create the model representing at least one
pressure control curve for controlling the pressure regulating
system in such a way that at least one critical pressure value
is kept above a pre-determined threshold value, wherein the
at least one critical pressure value is determined by at least
one critical pressure sensor of the one or more pressure
sensors, the at least one critical pressure sensor being
arranged in a critical pressure section of the water supply
network. The critical pressure sensor may be one of the
remote pressure sensors. A critical pressure section of the
water supply network may be a section of notionally mini-
mal pressure within the network, for instance a section
furthest away from the pressure regulating system or a
section with the highest altitude in the water supply network.
Thereby, the pressure regulating system controlled accord-
ing to the at least one pressure control curve makes sure that
a minimum pressure is provided in the most critical section
and thus in all other sections of the water supply network.
[0024] Optionally, the model formation module may com-
prise a data memory cooperating with one or more proces-
sors and is configured to store one or more of the at least one
remote pressure value and/or the at least one load-dependent
variable at one or more different points in time. Alternatively
or in addition, the model formation module may be config-
ured to receive continuously, regularly or sporadically data
comprising one or more of the at least one remote pressure
value and/or the at least one load-dependent variable, said
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data being stored at one or more different points in time in
at least one data storage of the one or more pressure sensors.
Thereby, the communication of data may be restricted to
regular or sporadic communication batches, e.g. once or
more times per hour, per day, or per week. This saves energy
consumption compared to a continuous data transmission
and allows usage of battery powered pressure sensors
including a data storage and a communication unit.

[0025] Optionally, the model may represent at least one
pressure control curve representing a necessary outlet pres-
sure value at an outlet of the pressure regulating system as
a function of the at least one load-dependent variable and at
least one model parameter for achieving a desired remote
pressure value at the at least one remote pressure sensor. For
instance, the necessary outlet pressure p,,, may be param-
eterized as

Pour=S 6(0,8,Pa)+00+p* s,

wherein the at least one load-dependent variable is P, i.e.
the power consumption of all active pumps of a pumping
station serving as the pressure regulating system, s is the
number of active pumps, w is the speed of the active pumps,
and p*_,, is a desired remote pressure value. The parameters
0 and 6, are the model parameters that describe the optimal
shape of the at least one pressure control curve.

[0026] Optionally, the model may comprise a time depen-
dency of the necessary outlet pressure, preferably a day time
dependency. One way to include a time dependency into the
model may be to scale the function f, with a time dependent
function 1. The parameter A may describe the time depen-
dency on an arbitrary scale, e.g. 0<A<1, where A=0 repre-
sents the start of the day at 0.00 am A=1 represents the end
of the day at 12.00 pm, and may be determined along with
the parameters 6, 6, to create or update the model. The
complete set of parameters may then be determined by
solving the minimization problem

N
60, 0. 2= awgin 3 (Pousi = i) = (6o 5 Pat) + 00))
=1

[0027] As the behavior of a water supply network is
usually periodic, a Fourier Series may be used as an
adequate approximation for the timedependent function n,
ie.

NE)=1+h; cos(wi)+h, sin(ws)+h, cos(2wt)+h, sin
Qo+ . ..

[0028] According to a second aspect of the present dis-
closure, a method for controlling a pressure regulating
system of a water supply network is provided, wherein the
water supply network is equipped with one or more pressure
sensors of which at least one remote pressure sensor is
arranged remotely from the pressure regulating system, the
method comprising:

[0029] creating a model without a measured, deter-
mined or estimated flow value on the basis of at least
one remote pressure value determined by the at least
one remote pressure sensor and on the basis of at least
one load-dependent variable of the pressure regulating
system, said model representing at least one pressure
control curve for controlling the pressure regulating
system, and
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[0030] controlling the pressure regulating system on the
basis of said model.

[0031] Optionally, at least one of the at least one load-
dependent variable may be a speed and/or an electrical
power consumption of at least one pump of the pressure
regulating system. Alternatively or in addition, at least one
of the at least one load-dependent variable may represent an
opening degree of a pressure reduction valve of the pressure
regulating system and/or a pressure difference before and
after a pressure reduction valve of the pressure regulating
system.
[0032] Optionally, the step of creating said model may
comprise taking into account a pressure difference between
the at least one remote pressure value determined by the
least one remote pressure sensor and at least one outlet
pressure value determined by at least one outlet pressure
sensor of the one or more pressure sensors, the at least one
outlet pressure sensor being arranged at an outlet side of the
pressure regulating system.
[0033] Optionally, the step of creating the model and/or
the step of controlling the pressure regulating system may
comprise taking into account at least one inlet pressure value
determined by at least one inlet pressure sensor of the one or
more pressure sensors, the at least one inlet pressure sensor
being arranged at an inlet side of the pressure regulating
system.
[0034] Optionally, the method may further comprise a step
of updating the model continuously, regularly or sporadi-
cally before, during or after operation of the pressure regu-
lation system on the basis of changes in the at least one
remote pressure value and/or the at least one load-dependent
variable.
[0035] Optionally, the step of creating the model and/or
the step of controlling the pressure regulating system may
comprise taking into account at least one first section
pressure value determined by at least one first section
pressure sensor of the one or more pressure sensors, the at
least one first section pressure sensor being arranged in a
first section of the water supply network, and at least one
second section pressure value determined by at least one
second section pressure sensor of the one or more pressure
sensors, the at least one second section pressure sensor being
arranged in a second section of the water supply network,
wherein the first and the second sections of the water supply
network differ from each other and are arranged downstream
of the pressure regulating system.
[0036] Optionally, the model may represent a first pressure
control curve for the first section and a second pressure
control curve for the second section, wherein creating and/or
updating the model comprises determining a first pressure
demand from the first pressure control curve and a second
pressure demand from the second pressure control curve
based on the load-dependent variable, and the pressure
regulating system is controlled according to the higher of the
first pressure demand and the second pressure demand. This
is in particular useful if the most critical section is not
always the same. For instance, the most critical section in a
multi-story building may always be the level(s) at highest
altitude. However, in agglomerations with sections in form
of neighborhoods or quarters, the pressure demand may
change between the sections. The model representing one
updated pressure control curve for each section may then
allow for determining the section with highest pressure
demand based on the load-dependent variable to control the
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pressure regulation system in order to meet the highest
pressure demand in the water supply network.

[0037] The method may thus further comprise detecting a
leakage in the water supply network and/or localizing a
leakage to a section of the water supply network. For
instance, the model may define a certain expected first
section pressure value which may be compared with an
actual first section pressure value provided by the first
section pressure sensor. If the actual value in the first section
is significantly below the expected value, a leakage may be
located in the first section. If the same discrepancy is
detected in the second section, the leakage may be upstream
of both the first and the second section. The leakage detec-
tion and/or localization may be performed by the model
formation module, the control unit and/or a separate leakage
detection module.

[0038] Optionally, the method may further comprise
updating the model continuously, regularly or sporadically,
comparing a previous or pre-determined pressure control
curve with an updated pressure control curve for a given
load-dependent variable, and identifying a leakage and/or a
blockage in the water supply network based on comparing
the previous or pre-determined pressure control curve with
an updated pressure control curve. The comparison and/or
the leakage/blockage identification may be performed by the
model formation module, the control unit and/or a separate
leakage/blockage detection module. For instance, upon a
model update, the pressure control curve may change out-
side of an expected range of change. Such a change may be
an indication for a leakage or a blockage in the water supply
network. A sudden high pressure demand according to the
updated model may indicate a leakage. Likewise, a sudden
low pressure demand according to the updated model may
indicate a blockage.

[0039] Optionally, the step of controlling the pressure
regulating system may comprise keeping at least one critical
pressure value above a pre-determined threshold value,
wherein the at least one critical pressure value is determined
by at least one critical pressure sensor of the one or more
pressure sensors, the at least one critical pressure sensor
being arranged in a critical pressure section of the water
supply network.

[0040] Optionally, the method may further comprise a step
of storing one or more of the at least one remote pressure
value and/or the at least one load-dependent variable at one
or more different points in time.

[0041] Optionally, the method may further comprise a step
of receiving continuously, regularly or sporadically data
comprising one or more of the at least one remote pressure
value and/or the at least one load-dependent variable, said
data being stored at one or more different points in time in
at least one data storage of the one or more pressure sensors.
[0042] Optionally, the model may represent at least one
pressure control curve representing a necessary outlet pres-
sure value at an outlet of the pressure regulating system as
a function of the at least one load-dependent variable and at
least one model parameter for achieving a desired remote
pressure value at the at least one remote pressure sensor.
[0043] Optionally, the model may comprise a time depen-
dency of the necessary outlet pressure, preferably a day time
dependency.

[0044] The various features of novelty which characterize
the invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
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understanding of the invention, its operating advantages and
specific objects attained by its uses, reference is made to the
accompanying drawings and descriptive matter in which
preferred embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Embodiments of the present disclosure will now be
described by way of example with reference to the following
figures of which:

[0046] FIG. 1 is a schematic view showing an example of
a first embodiment of a water supply network according to
the present disclosure;

[0047] FIG. 2 is a schematic view showing an example of
a second embodiment of a water supply network according
to the present disclosure;

[0048] FIG. 3 is a schematic view showing an example of
a third embodiment of a water supply network according to
the present disclosure;

[0049] FIG. 4 is a schematic view showing an example of
a fourth embodiment of a water supply network according to
the present disclosure;

[0050] FIG. 5 is a schematic view showing an example of
a fifth embodiment of a water supply network according to
the present disclosure; and

[0051] FIG. 6 is a schematic view showing an example of
a sixth embodiment of a water supply network according to
the present disclosure.

DETAILED DESCRIPTION

[0052] FIG. 1 shows a large building 1 with several levels,
stories or floors 3a-f- A water supply network 5 connects a
pressure regulating system 7 in form of a pumping station
located in the basement 3a of the building 1 with all levels
3b-f above. From ground floor 35 to top floor 3f, each level
has at least one tap connection 9 for extracting water. The
pressure regulating system 7 comprises two pumps 11a,b. It
should be noted that the pumps 11a,b may each be a single
pump or a system of pumps. A first pump 11a is connected
to a first section 13 of the building, i.e. the ground floor 36
and the first floor 3¢, and a second pump 115 is connected
to a second section 15 of the building, i.e. the second floor
3d to the top floor 37

[0053] The water supply network 5 further comprises two
remote pressure sensors 17a,b, wherein the remote pressure
sensors 17a,b are arranged remotely from the pressure
regulating system 7. A first remote pressure sensor 17a is
located at a point of highest altitude within the first section
13, i.e. in the first floor 3¢. The first floor 3¢ is here a critical
pressure section of the water supply network. A second
remote pressure sensor 175 is located at a point of highest
altitude within the second section 15, i.e. in the top floor 3f.
The top floor 3f'is here another critical pressure section of
the water supply network.

[0054] The water supply network 5 further comprises an
inlet pressure sensor 19 being arranged at an inlet side of the
pressure regulating system 7 and two outlet sensors 21a,b,
wherein a first outlet pressure sensor 21a is arranged at an
outlet side of the first pump 11a and a second outlet pressure
sensor 215 is arranged at an outlet side of the second pump
115.

[0055] In order to control the pumps 11a,b of the pressure
regulating system 7 efficiently for providing a desired water
pressure at all extraction points 9 at all times, a control unit
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23 is in communication connection with each of the pumps
11a,b and to all pressure sensors 17a,b, 19, and 214a,b of the
water supply network 5. Such communication connection
and/or the control connection to the pressure regulation
system 7 may be wired or wireless. The communication may
be continuous, or preferably in regular or sporadic commu-
nication batches for saving power consumption. The control
unit 23 is configured to control the pressure regulating
system 7 on the basis of a model. The control unit 23
comprises a processor (LC, NP, DSP) or a plurality of
processors with an associated memory providing a model
formation module for creating that model without a mea-
sured, determined or estimated flow value.

[0056] The model uses a parameterization which is not
directly flow dependent:

Pour=S 6(0,8,Pa)+00+p* s,

wherein P, is the power consumption of the two pumps
11a,b, s is the number of pumps, i.e. s=2, w is the speed of
the pumps 11a,b, and p*_,; is the desired pressure at the
critical points, i.e. at the remote sensors 17a,b. The param-
eters 0 and 0, are parameters that describe the optimal shape
of the pressure control curve. The flow may somehow scale
with the speed and/or the power consumption of the pumps
11a,b, but the flow is and remains undetermined. It should
be noted that the water supply network 5 does not comprise
flow sensors. Furthermore, the pumps 1la,6 may have
unknown efficiency so that the flow cannot be determined
based on the speed and/or the power consumption of the
pumps 11a,b.

[0057] The model parameters 0 and 0, are determined by
running measurement batches of a critical remote pressure
value p_,, determined by the remote pressure sensors 174,5,
an outlet pressure p,,, determined by the outlet pressure
sensors 21a,b, the pump speed a of each pump 11a,b, the
number of active pumps s=2, and the power consumption of
the two pumps P_;,. Assuming that a data batch contains N
measurement sets labelled 1, . . ., N, the model parameters
0 and 6, are then determined by solving the following
optimization problem

N
0o, 0= argg(])igz ((Pout,i = Peris)) = (o, 5, Pags) +600))",
=

wherein p,,,,~P..; is the pressure difference between the
remote pressure value p,,,, and the outlet pressure value
DPous; for the i-th measurement set, where iE{1, . . . , N}.
[0058] The function fy may be parameterized in the fol-
lowing form:

2
SPay ]
,

§2
Saw,s Py = [915w - \/92(50))2 +03— +06,
w w

or a simpler parametrisation may often suffice, e.g.

f Pay 0 0.2 :
Sat@,sPap —( L7 tosw 33) .
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[0059] In this case, more variables are available so that the
parameterization can take a different form. Here, the inlet
pressure value is determined by the inlet pressure sensor 19
and communicated to the control unit 23. The control unit 23
can thus take into account the inlet pressure A for creating
the model and/or controlling the pressure regulating system
7.

[0060] So, in case the inlet pressure p,,, is available as an
alternative to the power consumption of all active pumps
P, the function may have the following form

F6(0:5,D orioP 1) =(0 50~
05(50)*+6,5°+6,45” (D D))

Also, this parameterization may have simpler forms, e.g.:

1 2
+02w+03—]
w

Pout = Pi
Jol@, S, Pours Pin) = (91 %

or

2
Jol@, S, Pours Pin) = (915w - \/92(5w)2 + 6452 (Pows = Pin) ) .

[0061] In case the inlet pressure p,,, is available in addition
to the power consumption of all active pumps P, the
function may have the following form

s Pour — Pi Poy 2
Jol@, S, Pours Pin) = (91 = +925$ +93w—02 +945w) ,

or in simpler form

( s Pom; Pin Pauy )2

Solw, 5, Pours Pin) = +027 +6350) .

[0062] Once the model is created by the model formation
module 25, the control unit 23 controls the pumps 11a,b
based on that model. The model is regularly updated and/or
when significant changes are detected. The control unit 23
controls the pumps 11a,5 in a way to always makes sure that
a minimal pressure above a pre-determined threshold is
available at the critical highest points for each of the sections
13, 15.

[0063] The model may comprise a time dependency of the
necessary outlet pressure, preferably a day time dependency.
The function f, may scale with a time dependent function n,
wherein the parameter A may describe the time dependency
on an arbitrary scale, e.g. 0<A<1, where i=0 represents the
start of the day at 0.00 am A=1 represents the end of the day
at 12.00 pm, and may be determined along with the param-
eters 0, 0, to create or update the model. The complete set
of parameters may then be determined by solving the
minimization problem

N
60, 0. 2 = awgmin 3 (Pousi = i) = (o s Pat) + 60))-
=1
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[0064] As the behavior of a water supply network is
usually periodic, a Fourier Series may be used as an
adequate approximation for the timedependent function m,
ie.
N()=1+h; cos(wi)+h, sin(wr)+h, cos(2wt)+h, sin
Qo+ . ..

[0065] FIG. 2 shows an example of second embodiment of
a water supply network 5 in a high building 1. In this
embodiment, the pressure regulating system 7 comprises a
pump 11 in the basement 3a of the building 1, a water
storage tank 27 on the top floor 3/ of the building 1 and two
pressure reduction valves (PRV) 29, one the first floor 3¢ and
one the third floor 3e. The pump 11 is connected to the water
storage tank 27 to keep it filed with a sufficient level of
water. A first remote pressure sensor 17a is located on the
third floor 3e downstream of the upper PRV 29, and a second
remote pressure sensor 175 is located on the first floor 3¢
downstream of the lower PRV 29. The lower PRV 29
separates a first section 13 of the water supply network 5, i.e.
the second floor 3d and the third floor 3e, from a second
section 15 of the water supply network 5, i.e. the ground
floor 36 and the first floor 3¢. With respect to the first section
13, the third floor 3e is a critical high section where the first
remote pressure sensor 17a is located at a position furthest
away from the upper PRV 29. With respect to the second
section 13, the first floor 3¢ is a critical high section where
the second remote pressure sensor 176 is located at a
position furthest away from the lower PRV 29. An inlet
pressure sensor 19 may be installed at the inlet side of each
PRV 29 (here is only one inlet pressure sensor 19 shown at
the inlet side of the upper PRV 29). An outlet pressure sensor
21a,b may be installed at the outlet side of each PRV 29.
[0066] The model to control the opening degree of the
PRV 29 is similar to the control of the pumps 11a,b in the
first embodiment of FIG. 1, with the only difference that the
function fg now describes the PRVs 29 and not the pumps
11a,b. The opening degree x,, of the valve is measured and
communicated to the control unit 25. The function f, is then
parameterized as

0P imPori) =01 PoraPi) ¥ O35 D D1 +0%,7
(pout_pin)+ e

wherein the polynomial may at least be of the second order.
The time dependency may be included in the same way as
for the pumps 11a,b, hence the following model may be
used:

Pour NOF o(XpsDirsPou) H00+0* .. As an alternative or in
addition to the measured opening degree of the PRVs, the
pressure difference p,,,~p;,, before and after the PRVs may
serve as the load-dependent variable of the pressure regu-
lation system 7.

[0067] FIG. 3 shows an example of a third embodiment of
a water supply network 5 for an agglomeration 31 of
buildings. A pressure regulating system 7 in form of a
pumping station with a plurality of pumps 11 draws water
from a water source 33 and supplies water to the agglom-
eration 31. For each section 13, 15, at critical points of
furthest distance and/or highest altitude, remote critical
section pressure sensors 17a,b are located with a commu-
nication connection to a control unit 23. The control unit 23
also receives an inlet pressure value from an inlet pressure
sensor 19 and an outlet pressure value from an outlet
pressure sensor 21. The control unit 23 with its model
formation module 25 creates and updates a model for
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controlling the pumps 11 based on the received pressure
values and a load-dependent variable such as the speed
and/or the power consumption of the active pumps 11. The
model parameterization is the same as above.

[0068] FIG. 4 shows an example of a fourth embodiment
of a water supply network 5 for an agglomeration 31 of
buildings. A pressure regulating system 7 in form of a PRV
29 reduces the hydrostatic pressure from a high altitude
water source 33 and thus controls the water supply to the
agglomeration 31. The high altitude water source 33 may be
a mountain lake or fountain. At a critical point of furthest
distance and/or highest altitude, a remote critical section
pressure sensor 17 is located with a communication con-
nection to a control unit 23. The control unit 23 also receives
an inlet pressure value from an inlet pressure sensor 19 and
an outlet pressure value from an outlet pressure sensor 21.
The control unit 23 with its model formation module 25
creates and updates a model for controlling the pumps 11
based on the received pressure values and a load-dependent
variable such as the opening degree of the PRV 29. The
model parameterization is the same as above.

[0069] The agglomeration 31 is here provided with water
by a water supply network 5 having a first section 13 and a
second section 15. Each section 13, 15 is provided with at
least one remote critical sensor 17a,6. The model then
represents a pressure control curve for each section 13, 15.
At a given load-dependent variable, the control unit 23 may
then control the pressure regulation system 7 in such a way
that the higher of the two pressure demands according to the
two pressure control curves is met.

[0070] FIGS. 5 and 6 show examples of a fifth and sixth
embodiment of a water supply network 5 for an agglomera-
tion 31 of buildings, wherein the model formation module
25 is not part of the control unit 23, but installed on a remote
computer system such as a cloud-based system (illustrated
as a weather cloud in FIGS. 5 and 6). The model formation
module 25 is in wired or wireless communication connec-
tion with the pressure sensors 174,56, 19, 21, the pressure
regulation system 7 and the control unit 23. The communi-
cation connection (link) is provided with a wired or wireless
transmitter/receiver arrangement and one or more processor
associated with the control unit 23. The direct connection
with the pressure regulation system 7 may not be needed if
the control unit 23 is configured to communicate the load-
dependent variable to the model formation module 25. The
model is provided by the model formation module 25 to the
control unit 23 by way of the communication link between
them.

[0071] The agglomeration 31 is provided with water by a
water supply network having a first section 13 and a second
section 15. Each section 13, 15 is provided with at least one
remote critical sensor 17a,b. It should be noted that, in this
embodiment, the remote critical sensors 17a,b are not con-
nected to the control unit 25, but merely communicate
preferably sporadically or regularly batch-wise, with the
model formation module 25 for creating the model or
keeping it up-to-date. The model then represents one pres-
sure control curve for each section 13, 15. The control unit
23 also receives an inlet pressure value from an inlet
pressure sensor 19 and an outlet pressure value from an
outlet pressure sensor 21. At a given load-dependent vari-
able, the control unit 23 may then control the pressure
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regulation system 7 in such a way that the higher of the two
pressure demands according to the two pressure control
curves is met.

[0072] Where, in the foregoing description, integers or
elements are mentioned which have known, obvious or
foreseeable equivalents, then such equivalents are herein
incorporated as if individually set forth. Reference should be
made to the claims for determining the true scope of the
present disclosure, which should be construed so as to
encompass any such equivalents. It will also be appreciated
by the reader that integers or features of the disclosure that
are described as optional, preferable, advantageous, conve-
nient or the like are optional and do not limit the scope of the
independent claims.

[0073] The above embodiments are to be understood as
illustrative examples of the disclosure. It is to be understood
that any feature described in relation to any one embodiment
may be used alone, or in combination with other features
described, and may also be used in combination with one or
more features of any other of the embodiments, or any
combination of any other of the embodiments. While at least
one exemplary embodiment has been shown and described,
it should be understood that other modifications, substitu-
tions and alternatives are apparent to one of ordinary skill in
the art and may be changed without departing from the scope
of the subject matter described herein, and this application
is intended to cover any adaptations or variations of the
specific embodiments discussed herein.

[0074] In addition, “comprising” does not exclude other
elements or steps, and “a” or “one” does not exclude a plural
number. Furthermore, characteristics or steps which have
been described with reference to one of the above exemplary
embodiments may also be used in combination with other
characteristics or steps of other exemplary embodiments
described above. Method steps may be applied in any order
or in parallel or may constitute a part or a more detailed
version of another method step. It should be understood that
there should be embodied within the scope of the patent
warranted hereon all such modifications as reasonably and
properly come within the scope of the contribution to the art.
Such modifications, substitutions and alternatives can be
made without departing from the spirit and scope of the
disclosure, which should be determined from the appended
claims and their legal equivalents.

[0075] While specific embodiments of the invention have
been shown and described in detail to illustrate the appli-
cation of the principles of the invention, it will be under-
stood that the invention may be embodied otherwise without
departing from such principles.

What is claimed is:

1. A model formation module for creating a model for
controlling a pressure regulating system of a water supply
network, wherein the water supply network is equipped with
one or more pressure sensors of which at least one remote
pressure sensor is arranged remotely from the pressure
regulating system, the model formation module being con-
figured to:

communicate with the at least one remote pressure sensor;

and

create said model, without a measured, determined or

estimated flow value, on the basis of at least one remote
pressure value determined by the at least one remote
pressure sensor and on the basis of at least one load-
dependent variable of the pressure regulating system,
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said model representing at least one pressure control
curve for controlling the pressure regulating system.

2. The model formation module according to claim 1,
wherein at least one of the at least one load-dependent
variable is an electrical power consumption of at least one
pump of the pressure regulating system or a speed of at least
one pump of the pressure regulating system or both an
electrical power consumption and a speed of at least one
pump of the pressure regulating system.

3. The model formation module according to claim 1,
wherein at least one of the at least one load-dependent
variable represents an opening degree of a pressure reduc-
tion valve of the pressure regulating system or a pressure
difference before and after a pressure reduction valve of the
pressure regulating system or both an opening degree of a
pressure reduction valve of the pressure regulating system
and a pressure difference before and after a pressure reduc-
tion valve of the pressure regulating system.

4. The model formation module according to claim 1,
wherein the model formation module is further configured to
be in communication connection with a control unit for
controlling the pressure regulating system.

5. The model formation module according to claim 1,
wherein the model formation module is part of a control unit
for controlling the pressure regulating system.

6. The model formation module according to claim 1,
wherein the model formation module is further configured to
take into account, for creating said model, a pressure dif-
ference between the at least one remote pressure value
determined by the least one remote pressure sensor and at
least one outlet pressure value determined by at least one
outlet pressure sensor of the one or more pressure sensors,
the at least one outlet pressure sensor being arranged at an
outlet side of the pressure regulating system.

7. The model formation module according to claim 1,
wherein the model formation module is further configured to
take into account, for creating said model, at least one inlet
pressure value determined by at least one inlet pressure
sensor of the one or more pressure sensors, the at least one
inlet pressure sensor being arranged at an inlet side of the
pressure regulating system.

8. The model formation module according to claim 1,
wherein the model formation module is further configured to
update the model continuously, regularly or sporadically
before, during or after operation of the pressure regulation
system on the basis of changes in the at least one remote
pressure value or on the basis of the at least one load-
dependent variable or on the basis of changes in the at least
one remote pressure value and on the basis of the at least one
load-dependent variable.

9. The model formation module according to claim 1,
wherein the model formation module is further configured to
take into account, for creating said model, at least one first
section pressure value determined by at least one first
section pressure sensor of the one or more pressure sensors,
the at least one first section pressure sensor being arranged
in a first section of the water supply network, and at least one
second section pressure value determined by at least one
second section pressure sensor of the one or more pressure
sensors, the at least one second section pressure sensor being
arranged in a second section of the water supply network,
wherein the first and the second sections of the water supply
network differ from each other and are arranged downstream
of the pressure regulating system.
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10. The model formation module according to claim 9,
wherein:

the model represents a first pressure control curve for the

first section and a second pressure control curve for the
second section; and

a first pressure demand is determinable from the first

pressure control curve and a second pressure demand is
determinable from the second pressure control curve
based on the load-dependent variable, such that the
higher of the first pressure demand and the second
pressure demand is identifiable.

11. The model formation module according to claim 1,
wherein:

the model formation module is further configured to

update the model continuously, regularly or sporadi-
cally; and

a previous or pre-determined pressure control curve of the

model is compared with an updated pressure control
curve for a given load-dependent variable, such that a
leakage in the water supply network or a blockage in
the water supply network or both a leakage and a
blockage in the water supply network is identifiable
based on such a comparison.

12. The model formation module according to claim 1,
wherein:

the model formation module is further configured to

create the model representing at least one pressure
control curve such that at least one critical pressure
value is kept above a pre-determined threshold value;
and

the at least one critical pressure value is determined by at

least one critical pressure sensor of the one or more
pressure sensors, the at least one critical pressure sensor
being arranged in a critical pressure section of the water
supply network.

13. The model formation module according to claim 1,
wherein the model formation module comprises a data
memory and is configured to store one or more of the at least
one remote pressure value or the at least one load-dependent
variable or the at least one remote pressure value and the at
least one load-dependent variable at one or more different
points in time.

14. The model formation module according to claim 1,
wherein the model formation module is further configured to
receive continuously, regularly or sporadically data com-
prising one or more of the at least one remote pressure value
or the at least one load-dependent variable or the at least one
remote pressure value and the at least one load-dependent
variable, said data being stored at one or more different
points in time in at least one data storage of the one or more
pressure sensors.

15. The model formation module according to claim 1,
wherein the model represents at least one pressure control
curve representing a necessary outlet pressure value at an
outlet of the pressure regulating system as a function of the
at least one load-dependent variable and at least one model
parameter for achieving a desired remote pressure value at
the at least one remote pressure sensor.

16. The model formation module according to claim 15,
wherein the model comprises a time dependency of the
necessary outlet pressure.

17. A method for controlling a pressure regulating system
of a water supply network, wherein the water supply net-
work is equipped with one or more pressure sensors of
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which at least one remote pressure sensor is arranged
remotely from the pressure regulating system, the method
comprising the steps of:

creating a model without a measured, determined or

estimated flow value on the basis of at least one remote
pressure value determined by the at least one remote
pressure sensor and on the basis of at least one load-
dependent variable of the pressure regulating system,
said model representing at least one pressure control
curve for controlling the pressure regulating system;
and

controlling the pressure regulating system based on said

model.

18. The method according to claim 17, wherein at least
one of the at least one load-dependent variable is an elec-
trical power consumption of at least one pump of the
pressure regulating system or a speed of at least one pump
of the pressure regulating system or an electrical power
consumption and a speed of at least one pump of the
pressure regulating system.

19. The method according to claim 17, wherein at least
one of the at least one load-dependent variable represents an
opening degree of a pressure reduction valve of the pressure
regulating system or a pressure difference before and after a
pressure reduction valve of the pressure regulating system or
both an opening degree and a pressure difference before and
after a pressure reduction valve of the pressure regulating
system.

20. The method according to claim 17, wherein creating
said model comprises taking into account a pressure differ-
ence between the at least one remote pressure value deter-
mined by the least one remote pressure sensor and at least
one outlet pressure value determined by at least one outlet
pressure sensor of the one or more pressure sensors, the at
least one outlet pressure sensor being arranged at an outlet
side of the pressure regulating system.

21. The method according to claim 17, wherein creating
the model or controlling the pressure regulating system or
both creating the model and controlling the pressure regu-
lating system comprises taking into account at least one inlet
pressure value determined by at least one inlet pressure
sensor of the one or more pressure sensors, the at least one
inlet pressure sensor being arranged at an inlet side of the
pressure regulating system.

22. The method according to claim 17, further comprising
updating the model continuously, regularly or sporadically
before, during or after operation of the pressure regulation
system based on changes in the at least one remote pressure
value or based on changes in the at least one load-dependent
variable or based both on changes in the at least one remote
pressure value and changes in the at least one load-depen-
dent variable.

23. The method according to claim 17, wherein creating
the model or controlling the pressure regulating system or
both creating the model and controlling the pressure regu-
lating system comprises taking into account at least one first
section pressure value determined by at least one first
section pressure sensor of the one or more pressure sensors,
the at least one first section pressure sensor being arranged
in a first section of the water supply network, and at least one
second section pressure value determined by at least one
second section pressure sensor of the one or more pressure
sensors, the at least one second section pressure sensor being
arranged in a second section of the water supply network,
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wherein the first and the second sections of the water supply
network differ from each other and are arranged downstream
of the pressure regulating system.

24. The method according to claim 23, wherein:

the model represents a first pressure control curve for the
first section and a second pressure control curve for the
second section;

creating the model or updating the model or both creating
and updating the model comprises determining a first
pressure demand from the first pressure control curve
and a second pressure demand from the second pres-
sure control curve based on the load-dependent vari-
able; and

controlling the pressure regulating system comprises con-
trolling the pressure regulating system according to the
higher of the first pressure demand and the second
pressure demand.

25. The method according to claim 17, further compris-
ing:
updating the model continuously, regularly or sporadi-
cally;

comparing a previous or pre-determined pressure control
curve with an updated pressure control curve for a
given load-dependent variable; and

identifying a leakage in the water supply network or
identifying a blockage in the water supply network or
identifying both a leakage and a blockage in the water
supply network based on comparing the previous or
pre-determined pressure control curve with an updated
pressure control curve.

26. The method according to claim 17, wherein:

controlling the pressure regulating system comprises
keeping at least one critical pressure value above a
pre-determined threshold value; and

the at least one critical pressure value is determined by at
least one critical pressure sensor of the one or more
pressure sensors, the at least one critical pressure sensor
being arranged in a critical pressure section of the water
supply network.

27. The method according to claim 17, further comprising
storing one or more of the at least one remote pressure value
or storing the at least one load-dependent variable or storing
both the at least one remote pressure value and the at least
one load-dependent variable at one or more different points
in time.

28. The method according to claim 17, further comprising
receiving continuously, regularly or sporadically data com-
prising one or more of the at least one remote pressure value
or data comprising the at least one load-dependent variable
or data comprising both one or more of the at least one
remote pressure value and the at least one load-dependent
variable, said data being stored at one or more different
points in time in at least one data storage of the one or more
pressure sensors.

29. The method according to claim 17, wherein the model
represents at least one pressure control curve representing a
necessary outlet pressure value at an outlet of the pressure
regulating system as a function of the at least one load-
dependent variable and at least one model parameter for
achieving a desired remote pressure value at the at least one
remote pressure sensor.
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30. The method according to claim 29, wherein the model
comprises a day time dependency of the necessary outlet
pressure.
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