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ABSTRACT

Systems, units and methods for monitoring water of at least one swimming pool (SP) by:
obtaining non-manipulation data of the SP water or one or more samples thereof
before/without applying any manipulation to water of the SP sample(s) thereof; applying
at least one manipulation over the SP water or one or more samples thereof; obtaining
manipulation data of the SP water indicative of responsivity of the SP water or one or
more samples thereof to each manipulation applied thereto, using one or more sensors;
and analyzing the non-manipulation and manipulation data to determine one or more
characteristics of the SP water including for example concentration of one or more
substances in the SP water. In some embodiments, at least one manipulation may include

dechlorination of the SP water.
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Systems, Units and Methods for Monitoring Swimming Pool Characteristics by

Measuring Swimming-Pool Water-Manipulation Responsivity

FIELD OF THE INVENTION

[0001] The present disclosure relates in general to systems and methods for
measuring one or more swimming pool characteristics using one or more sensing and
processing means, and more particularly to systems and methods for measuring
swimming pool characteristics incorporating measuring the response of swimming pool
(SP) water to one or more manipulations applied to the SP water or to one or more

samples thereof.

BACKGROUND

[0002] Swimming pool water require constant measurement and monitoring of
various parameters, characteristics and properties such as chemical and/or
biological/organic pollutants concentration, concentration of disinfecting materials and
compounds, etc. in order to detect various swimming pool characteristics such as related
characteristics/properties and maintain water quality and/or swimming pool device’s

functionality

[0003] Swimming pool (SP) water quality related properties such as concentration of
one or more chlorine species, cyanuric acid concentration, pH level, turbidity level,

biomass (algae/microalgae) concentration etc., which may impact bathers’ health, should
be measured on a regular basis. Swimming pool maintenance management and planning

may also depend on values of the specific measured swimming pool water properties.

[0004] Cyanuric acid measuring is often used as a precursor for one or more
chlorinated cyanurates such as anhydrous sodium dichloroisocyanurate, sodium
dichloroisocyanurate dihydrate, trichloroisocyanuric acid, etc. Chlorinated cyanurates
are recently administered to SP water mainly for minimization of sunlight chlorine

degradation.
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[0005] Measuring spectral properties of SP water may be used to detect/determine
various water quality related properties such as chlorine species and/or biomass
substances concentrations. However, some substances that may exist in the water may
be difficult to spectrally distinguish from substances of interest such as different types

of chlorine species thus rendering such optical measuring potentially unreliable.

[0006] Other measuring techniques (not necessarily optical) used to identify
concentrations of several substances of one or more types in SP water have also been
found as lacking desired reliability or require highly time-consuming, cumbersome,

and/or expensive measures to reach desired accuracy and simplicity levels.

SUMMARY

[0007]  Aspects of disclosed embodiments pertain to a method for monitoring at least

one swimming pool (SP), the method may include at least:

[0008] providing a detection unit that includes at least one sensor for measuring one

or more properties of water of the specific SP;

[0009] providing at least one processing unit, configured at least to receive and
analyze sensor data from the detection unit for determining one or more characteristics

of the SP;

[0010] obtaining non-manipulation data of the SP water by measuring one or more
properties of the SP water or at least one sample of the SP water, without it being

manipulated, using the detection unit;

[0011] applying at least one manipulation over the SP water or at least one sample
from the SP water, using at least one corresponding manipulation unit, the at least one
manipulation including at least dechlorination of the SP water or at least one sample

from the SP water;

[0012] obtaining manipulation data of the SP water, using the detection unit,

indicative of a response of the SP water to the manipulation; and
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[0013] receiving and analyzing the non-manipulation data and the manipulation data
of the specific manipulation, at least for determining one or more chlorine species

concentration in the SP water.

[0014]  According to some embodiments, the at least one manipulation may be used

for one or more of:
[0015] determining concentration of one or more substances in the SP water;

[0016] determining relations between one or more of SP water properties and one or

more other SP water properties for the specific SP;

[0017] calibration and/or adjustment of one or more values of one or more SP
parameters, associated with one or more SP properties, that are used for analyzing sensor

data arriving from the detection unit, relating to the specific SP;

[0018] determining level and/or value of one or more parameters associated with

water quality;

[0019] calibration and/or adjustment of one or more parameters values, thresholds

and/or relations indicative of expected normal behavior of the specific SP.

[0020]  According to some embodiments, the determination of concentration of one or
more substances further includes determining concentration of one or more of: cyanuric
acid; calcium; biomass of one or more types; one or more chloramines; one or more
chloramines including one or more of: NH>Cl, NHCI,, NCI3; one or more cyanurate
species; one or more cyanurate species including one or more of: H;Cy, H.Cy", HCy?%,
Cy?*; one or more chlorinated cyanurates; one or more chlorinated cyanurates including

one of more of:CI13Cy, C12Cy", HCICy".

[0021]  According to some embodiments, the determination of level and/or value of
one or more parameters includes at least one of: pH level; alkalinity level, Free Chlorine
Level, Combined Chlorine Level, Oxidation Reduction Potential (ORP) level, turbidity

level, water hardness level.

[0022] According to some embodiments, the at least one manipulation includes
introduction of one or more chemical reagent to the SP water or to one or more samples

of the SP water.
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[0023]
[0024]
[0025]
[0026]
[0027]
[0028]
[0029]
[0030]
[0031]
[0032]
[0033]

[0034]

The one or more chemical reagents may include one or more of:
one or more dechlorination reagents;

an acid of one or more acid types and/or of one or more concentrations;
one or more chlorination reagents of one or more types;

one or more chlorine species;

one or more dye substances;

one or more titrants;

one or more buffering substances;

one or more dye substances;

one or more halochromic materials;

one or more gassing and/or degassing materials.

According to some embodiments, the dechlorination manipulation includes

one or more of:

[0035]

introducing of one or more dechlorination reagents of one or more types into

the SP water or one or more samples of the SP water;

[0036]

[0037]

and/or
[0038]

[0039]

heating of the SP water or one or more samples of the SP water;

applying pressure to the SP water or one or more samples of the SP water;

bubbling of the SP water or one or more samples of the SP water.

According to some embodiments, the one or more dechlorination reagents

include: Barium Sulfite and/or Calcium Sulfite, Sodium Sulfite.

[0040]  The one or more dechlorination reagents may be in a form of dissoluble
tablets.

[0041] According to some embodiments, the at least one manipulation includes one
or more of:
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[0042] actively heating of at least one sample of the swimming pool water for
evaporating one or more substances from the at least one sample or for water

evaporation and residue measurements;
[0043] actively or passively cooling of at least one sample of the SP water;

[0044]  gassing and/or degassing at least one portion or at least one sample of the

swimming pool water;
[0045] applying a physical force over the SP water or at least one sample thereof;

[0046] dying of the SP water or at least one sample thereof after the at least one

reagent has been introduced to the SP water or at least one sample thereof.

[0047]  According to some embodiments, the obtainment of the manipulation data is
sone after a reaction time associated with the specific manipulation applied to the SP

water or at least one sample thereof.

[0048]  Aspects of disclosed embodiments pertain to a system for monitoring water
quality related characteristics of water of a swimming pool (SP), the system including at

least:

[0049]  a detection unit including one or more sensors, the detection unit being

configured for measuring at least one or more properties of the SP water;

[0050] a manipulation unit configured to apply one or more manipulations over the

SP water or one or more portions thereof; and

[0051] atleast one control and processing unit configured to receive and analyze
sensor data arriving at least from the detection unit, where the detection unit and the at

least one control and processing unit are configured to:

[0052]  obtain non-manipulation data of the SP water by measuring one or more
properties of the SP water or at least one sample of the SP water, without it being

manipulated, using the detection unit;

[0053] obtain manipulation data of the SP indicative to response of the SP water to

the applied manipulation, using the detection unit; and
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[0054] analyze the obtained non-manipulation data and the manipulation data of the
specific manipulation, at least for determining concentration of one or more chlorine

species in the SP water.

[0055]  According to some embodiments, the dechlorination of the SP water is done

by at least one of:

[0056] introducing of a dechlorinating reagent of at least one type to the SP water or

at least one sample from the SP water;
[0057] heating of the SP water or at least one sample from the SP water;
[0058] bubbling of the SP water or at least one sample from the SP water.

[0059]  According to some embodiments, the analysis of the non-manipulation and

manipulation data is further done for at least one of the following purposes:
[0060] determining concentration of one or more other substances in the SP water;

[0061] determine level and/or value of one or more parameters associated with water

quality;

[0062] calibrating and/or adjusting one or more values of one or more pool
characteristics, used for analyzing sensor data arriving from the detection unit, relating

to the specific SP; and/or

[0063] calibrating and/or adjusting one or more curves and/or tables of values of one
or more pool-characteristics, used for analyzing sensor data arriving from the detection

unit.

[0064] The one or more sensors of the detection unit may include one or more of: at
least one optical detector; at least one temperature sensor, at least one Oxidation
Reduction potential (ORP) sensor, at least one pH sensor, at least one spectrometer, art

least one camera, at least one photodetector.

[0065]  According to some embodiments, the system may further include a sampling
unit that comprises at least one sample cell, each sample cell being configured to obtain
and hold therein a water sample sampled from the water of the SP, for conducting all

measurements and manipulations over one or more water samples when held within the

at least one sample cell.
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[0066]  According to some embodiments, the at least one sampling unit is also

configured for filling and drainage of SP water into and out from each sample cell.

[0067]  According to some embodiments, the system may further include one or more
mixing mechanisms configured for mixing a reagent with a water sample obtained from

the SP water.

[0068]  According to some embodiments, the sample cell is at least partially
transparent to enable illumination of the water sample and to enable optical detection of
the obtained water sample, when held inside the sample cell, and where the system
further comprises an illumination unit comprising at least: at least one light source,
positioned and configured to illuminate the SP water, where the obtaining of the non-
manipulation and manipulation data is done by measuring optical absorption properties

of the SP water before and after and/or during it has been manipulated.

[0069] According to some embodiments, the dechlorination manipulation may

include one or more of:

[0070] introducing of one or more dechlorination reagents of one or more types into

the SP water or one or more samples of the SP water;

[0071]  heating of the SP water or one or more samples of the SP water;

[0072] applying pressure to the SP water or one or more samples of the SP water; and
[0073] bubbling of the SP water or one or more samples of the SP water.

[0074]  According to some embodiments, the system may also include a sampling unit
which may include one or more sampling cells, where one or more a dissolvable tablets
of at least one type of a dechlorination reagent are positioned: inside at least one of the
one or more sample cells of the sampling unit; inside a reagent chamber having at least
one controllable sealing door that can be controllably open and closed for controlling
manipulation of a SP water sample held within the sample cell; and/or in at least one
controllable reagent dispenser configured to controllably dispense doses of one or more

reagents into one or more SP water samples or to the SP water.

[0075]  According to some embodiments, the at least one manipulation may include

introduction of at least one reagent to the SP water or to one or more samples thereof,
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where the at least one reagent comprises one of: Barium Sulfite, Calcium Sulfite,
Sodium Sulfite, one or more chlorine species, one or more acids, one or more dye

substances, one or more buffering substances.

[0076] According to some embodiments, the system may further include a main
controller, operatively associated with all units and modules of the system and with the

at least one control and processing unit, for one or more of:

[0077] receiving and analyzing manipulation and non-manipulation data from

multiple SPs;

[0078]  determining a maintenance plan for each SP based on per SP manipulation

data, based on analysis results;
[0079]  controlling monitoring and/maintenance of each of the SPs; and/or

[0080] accumulate multiple SP monitoring data and adjust monitoring and/or

maintenance of each SP, based on analysis of accumulated monitoring data.

BRIEF DESCRIPTION OF THE FIGURES

[0081] The figures illustrate generally, by way of example, but not by way of

limitation, various embodiments discussed in the present document.

[0082] For simplicity and clarity of illustration, elements shown in the figures have not
necessarily been drawn to scale. For example, the dimensions of some of the elements
may be exaggerated relative to other elements for clarity of presentation of details thereof.
Furthermore, reference numerals may be repeated among the figures to indicate
corresponding or analogous elements. References to previously presented elements are
implied without necessarily further citing the drawing or description in which they appear.

The figures are listed below:

[0083] Fig. 1 shows a schematic illustration of a local monitoring system for
monitoring one or more properties of water samples obtained from a swimming pool (SP)
water source, by monitoring response of the SP water to one or more manipulations

applied to the SP water, according to some embodiments;
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[0084] Fig. 2 shows a schematic illustration of a local monitoring system for
monitoring one or more properties of water samples using multiple measuring units,

according to some embodiments;

[0085]  Fig. 3 schematic illustration of a system for monitoring a group of swimming
SPs via a local monitoring system of each SP of the SP group, according to some

embodiments;

[0086] Fig. 4 is a flowchart, schematically illustrating a method/process for
determining one or more characteristics of a SP, by measuring measurable one or more
water parameters/properties of the SP water before the SP water has been manipulated and

during or after it has been manipulated, according to some embodiments; and

[0087] Fig. 5 is a flowchart, schematically illustrating a method/process for
determining one or more characteristics of a SP, by measuring of one or more optical
absorption properties of at least one water sample obtained from the SP, according to some

embodiments.

[0088]  Fig. 6 schematically illustrates a measuring unit of a system for determining
one or more SP characteristics, where the measuring unit includes a sampling unit and a
manipulation unit that controllably introduces at least one reagent of one reagent type into
a water sample from a SP by using a reagent chamber with a controllably sealable door,

according to some embodiments; and

[0089]  Fig. 7 schematically illustrates a sampling unit and several manipulation units
of a system for determining one or more SP characteristics, where each manipulation unit
includes a different dispenser for controllably introducing different reagents into a sample
cell of the sampling unit for applying one or more reagent-based manipulations to the SP

water sample contained by the sampling unit, according to some embodiments.

DETAILED DESCRIPTION

[0090] Embodiments of the present invention are aimed, inter alia, at enabling
improved and efficient monitoring of one or more swimming pools by monitoring

properties of swimming pool (SP) water of each SP such as concentration of one or more
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chemical and/or organic/biological substances such as concentration of: one or more
chlorine species, calcium, cyanuric acid, etc., and/or concentration of biomass such as
microalgae, etc. and optionally also for measurement/determination of additional
properties of the SP and/or water thereof such as pH level, turbidity level, alkalinity level,
water-hardness level, SP filter(s) functioning level, etc., by applying of one or more
manipulations over water from the specific SP and measuring SP water response to

this/those applied manipulation(s).

[0091]  Some of these properties may be measurable/determined by applying one or
more manipulations over: one or more samples of the SP water, an area of the SP water,
and/or the entire SP water. One or more of these manipulations may include, for example,
introducing one or more substances such as one or more chemical/organic/biological
reagents to the SP water or one or more water samples thereof, for chemically reacting
with the SP water, for detection or measurement or adding in detection or measurement
or any other manipulation of one or more SP characteristic by detection or measurement
of the response of the SP water to the reagent. The one or more SP related characteristics
may include, for example, concentration of one or more substances in the SP water such
as concentration of chemical and/or biological/organic polluting and/or disinfection
substances such as concentration of one or more chlorine species, biomass (such as algac),
calcium, cyanuric acid, etc., and/or for determining other water quality related properties
such as alkalinity level, pH level, turbidity level, water-hardness level, oxidation reduction

potential (ORP), etc.

[0092] The term “introducing” a reagent or a substance used herein may refer to
contacting SP water or sample(s) thereof in any way or manner with the reagent(s) such
as, for example, by way of dispensing, contacting, administering, directing SP water

through solid tablet(s) of the reagent, etc.

[0093]  The term “manipulation” of SP water used herein may relate to applying of any
one or more treatments to the SP water or one or more samples thereof and/or to
conditioning of the SP water or one or more samples thereof, such as introducing of one
or more reagents, heating/cooling and/or evaporating of the SP water or a sample(s)

thereof, applying physical force such as acoustical vibrations to the SP water, incubating

10
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one or more samples of the SP water for determining bacteria/algae types and/or biomass

growth rates, titration of the SP water, electrolysis of the SP water, etc.

[0094] The term “SP water” may also refer to one or more samples and/or one or more

portions of the water from the SP and/or to the entire water volume of the SP.

[0095]  According to some embodiments, the one or more manipulation(s) applied to
the SP water, may be used for any purpose such as for dying one or more compounds in
the SP water such as by using halochromic material(s), for titration of the SP water, for
forming larger molecules or suspendable materials, for forming compounds of other
chemical and/or other optical properties that are more easily detectable by sensor(s) of the
system, etc., for chlorination and/or dechlorination of the SP water, for decomposing one

or more substances/molecules in the SP water, and the like.

[0096] The systems, units and/or methods of embodiments pertaining to the present
invention, may be designed to enable obtaining measurement(s)/information/data

indicative of the SP water before, after and optionally during the SP water manipulation,

using non-manipulation and manipulation measured data to determine one or more
properties of the SP water such as: (i) concentration of one or more chemical and/or
biological substance; (ii) values of one or more physical properties of the SP water such a
pH level, alkalinity level etc.; (iii) one or more SP facility devices’ functionality measures;
and/or (iv) one or more per-swimming pool personal baseline measures of the specific SP,
such as the specific mathematical relation between one or more chlorine species
concentration of the SP water to the Oxidation Reduction Potential (ORP) of the specific
SP, specific, per SP, relation between pH level and alkalinity level, etc., and/or normal
ranges and/or thresholds for the specific SP such as normal ranges for concentration of
one or more substances such as one or more chlorine species, calcium, cyanuric acid,
normal ORP range/threshold value(s), normal pH level, normal alkalinity level, normal

temperature range, etc.

[0097]  According to some embodiments, the term “non-manipulation” may refer to the
SP water before or without any manipulation was applied thereto. This means that the SP
water manipulation and obtainment of post-manipulation data indicative of SP water
property(ies) responsivity to the applied manipulation, can be obtained after or during the

applying of the respective manipulation. The pre and post manipulation

11
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data/measurements may be obtainable by using the same SP water sample, for example
therefore requiring the non-manipulation data is measured before the application of the
respective manipulation. Alternatively several (two or more) SP water samples may be
used, where one of the samples is maintained unmanipulated such that pre and post

manipulation measurements/data can be simultaneously obtained.

[0098]  According to some embodiments, using several separate sampling units/cells,
where one sample is remained unmanipulated, may also enable quick and/or simultaneous
measurement of SP water responsivity to multiple different manipulations e.g., by
applying a different manipulation to each of the other samples (other than the

unmanipulated one).

[0099] The manner of manipulation and subsequent manipulations may itself be

partially or entirely determined by results obtained from previous manipulations.

[0100] According to some embodiments, the determined SP characteristics and/or SP
water properties of each specific SP, may be used to further determine maintenance related
actions and/or details/parameter values thereof as well as scheduling of such maintenance
actions, such as specific quantities and schedules for dispensing/introducing of one or
more additive materials, such as disinfection materials, and timing and schedules of
operation of various maintenance related devices such as schedules and mode-selection
(such as standard or backwash) of operation of one or more filters of the SP, quantities
and schedules of SP water filling and/or drainage, and time and manners of subsequent

manipulations etc.

[0101]  According to some embodiments, at least one such manipulation may include
introducing a chlorinating or a dechlorinating reagent to a water sample of the SP, for
chlorinating or dechlorinating the SP water sample(s) and measuring the water sample
before and after and/or during the chlorination/dechlorination of the sample. According to
some embodiments, a few SP water samples may be used where one is not applied to with
any manipulation and one or more other samples are applied to with one or more different
manipulations, such that the “pre-manipulation” data is obtained by measuring one or
more properties of the non-manipulated sample, using one or more sensors/detectors, and
the “post-manipulation” data is obtained by measuring corresponding properties of the

one or more additional samples during or after the manipulation thereof. The

12
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impact/influence of each manipulation made, may be determined by comparing the
properties of the non-manipulated sample with corresponding properties of each of the

one or more manipulated samples.

[0102] The measuring of the SP water sample may include measuring optical
properties of the water sample such as absorption properties (absorption lines or
absorption spectra) of the water sample before, after and optionally also during its
manipulation (e.g., dechlorination). The comparison between the non-manipulation
absorption properties of the sample and its absorption behavior during and/or after the
manipulation, as well as the dynamics of the changes, may enable improved
detection/determination and distinction of substances concentration, such as (in the case
of a dechlorination manipulation) improved spectral distinction of several different types
of chlorine species in the SP water, which would otherwise would be difficult if not

impossible to spectrally distinguish from one another.

[0103] According to some embodiments, such chlorine species may include free
chlorine species such as Hypochlorous acid HOCI, hypochlorite ions OCL and their ratios.
Since higher relative concentration of Hypochlorous acid HOCI is associated with a lower
pH level, the concentration of Hypochlorous acid may be also used to estimate the pH

level of the SP water.

[0104] Other additional or alternative measurable/detectable (e.g., by way of
optical/spectral/absorption properties’ detection and/o analysis) concentration of chlorine
species may include, for example, chlorine Cly, and/or chloramines such as NH>Cl,
NHCl,, NCls, and/or concentration of other substances such as concentration of cyanurate
species such as H3Cy, H.Cy", HCy*, Cy* and/or chlorinated cyanurates such as C13Cy,
CI2Cy", HCICy, etc.

[0105] According to some embodiments, after the dechlorinating reagent is introduced
to the SP water or to one or more samples thereof, the influence of the SO3 ions on the
spectra of the SP water is determined/calculated (e.g., based on comparison between the
pre and post dechlorination spectral measurements and optionally also potentially based
on compensating for the SO3 ions concentration in respect to SP water (detectable)
temperature). By comparing the pre and post dechlorination spectral (e.g., absorption)

properties of the SP water, the impact of the SO; over the SP water can be spectrally

13
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measured. In some embodiments, the measured SO3 concentration may be further
compered to a desired or expected SO3 concentration enabling manual or automatic
compensation for detected low SO3 concentration. According to some embodiments, the
expected or desired SO3 concentration may be dependent on measured or estimated

temperature of the SP water.

[0106]  Additionally or alternatively, once a dechlorinating reagent is introduced to the
SP water sample and chemically reacts with the SP water, residual byproduct chlorine
species may still be present in the SP water sample requiring filtering, distillation or
separation thereof e.g., by heating and evaporating at least volatile such reaction
byproducts, for achieving a manipulated sample that is of a significantly reduced or free
from these byproducts, such that the chlorine species concentration of the SP water can
be measured by comparing the cleaner dechlorinated water sample absorption properties
with absorption properties of the unmanipulated water sample (obtained or measured

before the dechlorination of the water sample).

[0107] Additionally or alternatively, no filtration or distillation of the SP water or
sample(s) thereof is performed, where the chlorine species are detectable due to their
spectral differentiation from the dechlorination byproducts and/or from other substances

in the SP water.

[0108] Insome cases, the byproducts of the reaction of the SP water with the reagent(s)
are more distinguishable by the one or more sensors, such as more optically (e.g.,
spectrally) distinguishable, and therefore do not require filtration thereof but can be

identified and accounted for algorithmically.

[0109] In some (potentially other or additional) cases, the chemical/biological
byproducts of the applied manipulation may be heavier or lighter than SP water and
therefore sink to a bottom of the sample cell or the SP or float to the top of the sample
cell, enabling acquiring optical (e.g., spectral/absorption) measurements of the SP water
before and after (and optionally also during) the applying of the respective manipulating
thereover, requiring a reaction and sinking (or floating) time for measuring the SP water
sample after the byproducts are estimated to sink and reach the bottom of the sample cell

or the SP or float and reach the top of the sample cell of the SP.

14
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[0110] In some (potentially other or additional) cases, the byproducts of the reaction
of the SP water with the reagent(s) are the substance(s) required to be measured, requiring
measuring of the SP water shortly after the reaction time is ended to capture them before
inking to the bottom of the sample cell or the SP or alternatively applying gentle stirring
to keep them suspended in the SP sample.

[0111]  According to some embodiments, the one or more reagents being used may be
in any form such as in the form of part of a structural member made of the material,
dissolvable tablets, powder, liquid and/or any state such as solid, liquid etc. In case of a
reagent used for applying a dechlorination manipulation, one or more dechlorinating salts
(e.g., in a form of dissolvable tablets) may be used, including for example, one or more

of: Barium Sulfite, Calcium Sulfite and/or Sodium Sulfite.

[0112]  Aspects of disclosed embodiments pertain to a method for monitoring a
swimming pool (SP) for determining one or more characteristics of the SP such as
concentration of one or more substances in the SP water, SP water quality related
parameters’ values, and/or SP water quality related threshold ranges/values and/or
behavioral basis and/or relations specific to a certain SP that may be advantageously used
to monitor and understand its behavior. The monitored water quality related properties of
the SP may enable determining associated SP characteristics such as SP devices
functionality (such as filter(S) functionality), pollution status of the SP etc. and/or enable
to determine required actions such as alerts issuance and/or initiation of maintenance

related actions for the specific SP, based on determined SP characteristics.

[0113]  According to some embodiments, there is provided a dechlorinator, which
includes a dechlorinating unit configured to introduce dechlorination reagent such as
barium sulphite or calcium sulphite, to the SP water or to one or more samples thereof and
optionally also detect one or more SP water properties such as spectral properties of the

SP water before and after the dechlorination thereof, SP water temperature etc.

[0114]  The dechlorinator may be embedded in any monitoring system or any other
apparatus/device that is designed to take SP water samples and/or to be submersible in the
SP water of the SP such as embedded in a skimmer, a SP cleaning robot, a floatable

apparatus, a SP monitoring system etc.
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[0115]  According to some embodiments, the dechlorinator may detect one or more of
the following SP water properties before and after the SP water dechlorination using a

designated one or more sensor(s)/detector(s):

[0116]  spectral properties of the SP water (e.g., using a spectral/optical detector);
[0117] ORP of the SP water (e.g., using an ORP sensor);

[0118]  Chlorine level using a chlorine sensor;

[0119] pH properties (e.g., using a pH detector).

[0120]  According to some embodiments, the method may include:

[0121]  providing a local monitoring system for a specific SP;

[0122]  obtaining at least one water sample from the water of the specific SP e.g., by
channeling water from the SP into one or more sample cells of at least one sampling unit

of the local monitoring system;

[0123]  illuminating the water sample e.g., by using at least one illuminator of an

illumination unit of the local monitoring system;

[0124]  measuring non-manipulation properties of the water sample, using one or more
sensors of a detection unit of the local monitoring system such as by using one or more
detectors/sensors of the detection unit such as a spectral detector, a ORP sensor etc. and/or
a pixelated optical sensor/camera, one or more temperature sensors, one or more pH
sensors, one or more bolometric sensors, one or more pressure sensors, one or more
piezoelectric transducers, etc., thereby obtaining sensor data associated with, indicative

of, or that is non-manipulation.
[0125] data from at least one of the one or more sensors of the detection unit;

[0126] applying one or more manipulations to one of the obtained one or more water
samples (which could be the same water sample used for the non-manipulation
measurements or a different sample of un-manipulated water taken from the same SP at a
proximate time compared to the measuring of the non-manipulation data), optionally by
introducing at least one reagent of at least one reagent-type to the water sample of the SP

water, thereby obtaining manipulation data; and
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[0127]  receiving and analyzing non-manipulation data and manipulation data from the
detection unit (e.g., associated with a same specific “manipulation session’) to determine
one or more SP water properties and/or SP characteristics of the specific SP such as:
concentration of one or more substances in the SP water, such as concentration of one or
more polluting and/or disinfecting substances such as concentration of one or more
chlorine species, concentration of cyanuric acid, concentration of biomass, concentration
of calcium etc., and/or value/level of one or more parameters associated with water quality
of the SP water such as pH level, ORP level, alkalinity level, turbidity level, water-

hardness level, water purity level, etc.

[0128] According to some embodiments, the terms “non-manipulation data” and
“manipulation data” used herein may refer to updated sensor data outputted from one or
more sensors of the detection unit of the local monitoring system used for sensing of the
SP water or sample(S) thereof respectively before the application of the respective
manipulation (for the “non-manipulation data”) and after and/or during the applying of

the specific manipulation (for the “manipulation data”).

[0129]  According to some embodiments other received and/or measurable properties
of the SP water and/or of the SP may be taken into account for determining associated SP
characteristics, by combining the additional measurable/received SP properties with
properties measured before and during and/or after the applying of each manipulation to
the SP water such as measured updated water temperature (e.g., using one or more
temperature sensors of the detection unit), known properties of the specific SP such as
general or known current volume of its water, estimated number of bathers and/or
activities occurring in the SP, known amounts of recently added one or more disinfection
additives and/or water and timing of their administration, updated/current ambient
temperature of the specific SP surrounding, known or estimated sunlight illumination of

the specific SP, etc.

[0130] The term "dechlorinating”, or any other grammatical conjugation thereof, may
refer to any process in which chlorine atoms and/or chlorine-based compound(s),
molecules and/or ions in the SP water interact with the reagent (e.g., by chemically
bonding the dechlorinating reagent or part(s) thereof to chlorine atoms, chlorine-based

molecules/ions and/or other substances in the water sample) or any other method of
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reducing the chlorine concentration in the SP water e.g., by heating, bubbling the SP water

etc..

[0131] According to some embodiments, there is provided a system such as a local
monitoring system, for monitoring water quality related characteristics of water of a

specific swimming pool (SP), the system may include at least:

[0132] a detection unit comprising one or more sensors, the detection unit being

configured for measuring one or more properties of SP water;

[0133] a manipulation unit configured to apply one or more manipulations over the SP
water or one or more portions thereof, optionally by introducing at least one reagent to

water from the SP, at each manipulation-session; and

[0134]  atleast one control and processing unit configured to receive and analyze sensor

data arriving at least from the detection unit to determine one or more SP water properties.

[0135]  According to some embodiments, the detection unit and the at least one control

and processing unit may be configured at least to:

[0136] measure the SP water before applying any manipulation to the SP water, for
obtaining non-manipulation data of the SP water, indicative of non-manipulation

properties of the SP water, using the detection unit;

[0137]  measure the SP water after and/or during its manipulation at least for obtaining

manipulation data of the SP water; and

[0138] analyze the non-manipulation data and the manipulation data of the specific

manipulation, at least for determining one or more one or more SP water properties.

[0139] According to some embodiments, the determined one or more SP water

properties may be also used to determine one or more SP characteristics.

[0140]  Aspects of disclosed embodiments may pertain to a system for measuring one
or more properties of SP water of a specific SP. This system may include, for example

one or more measuring units, at least one of the measuring units including, for example:

[0141]  Atleast one sampling unit comprising at least one sample cell, each sample cell

being configured for holding therein a water sample, obtainable from the specific SP;
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[0142] (optionally — in case optical measurements are required) at least one
illumination unit including at least one light source (illuminator) positioned and

configured to illuminate the water sample in the sample cell;

[0143]  at least one detection unit that includes one or more sensors such as (yet not
limited to) at least one optical detector enabling detection of spectral characteristics such
as absorption lines or spectra of SP water and one or more compounds in such water, a

temperature sensor, a ORP sensor etc.;

[0144] at least one manipulation unit configured for applying one or more
manipulations of one or more manipulation types, over the water sample(s) held in the

sample cell(s) e.g., by introducing one or more reagents to the water sample(s);

[0145]  at least one control and processing unit for receiving and analyzing sensor data
from the detection unit for determining one or more SP water properties of the SP, based
on non-manipulation and manipulation data processing/analysis of the respective
manipulation and optionally also based on non-manipulation and manipulation data of

other manipulation of the same and/or different manipulation type.

[0146] Each new water sample filled into the sample cell of the sampling unit may be
measured before any manipulation is applied thereto for obtaining updated non-
manipulation data of the SP water for the specific manipulation session to be conducted
by the system. After the non-manipulation data is obtained, the same or any other water
sample taken from the same SP may be manipulated by introducing one or more reagents
of one or more reagent types to the water sample (contained within the sample cell) or by
other manipulation means such as heating, filtering, electrolysis etc., and measuring the
sample’s reaction/responsivity to the administered reagent(s) or applied other
manipulation — while obtaining sensor data indicative of the manipulation data of that

specific applied reagent-based manipulation.

[0147]  The non-manipulation and manipulation data can then be analyzed (e.g., by way
of comparing these two data types indicative of experimental results of the SP water’s
responsivity to the applied reagent-based manipulation, to determine, based on this data
analysis, one or more SP characteristics such as concentration of one or more polluting

and/or disinfecting substances, parameters level/value, etc.
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[0148] According to some embodiments, the system may be configured to carry out
automatic/controllable periodic sampling and testing/measuring of SP water based on
programmable monitoring routine(s)/plan(s), and/or in response to user requests and/or if
certain conditions occur (for example after heavy rain or if previous results indicated rapid
change in SP parameters). According to some embodiments, a managing application can
be used operable via end devices, for displaying measured and calculated/ determined SP

water properties , enabling to operate one or more of the SP devices, etc.

[0149] In some embodiments, a managing application operable via one or more user
devices may enable one or more of: managing control of measurements processes, receive
and display measurements results, enable controlling maintenance operations, set

parameters values and/or thresholds etc.

[0150] According to some embodiments, the control and/or processing units of the
systems of embodiments described herewith, may use any adapted software and/or
hardware means at least to receive and analyze the sensor data for determining one or

more water properties of each SP at each given moment/timeframe/period.

[0151]  According to some embodiments the control and processing unit(s) of the local
and/or remote system(s) may be configured to apply one or more artificial
algorithms/modules for determining values of the one or more water properties and/or to
determine which manipulations to apply and/or when and also optionally to schedule and
control one or more SP devices’ operations such as back wash, filtering operation, SP

filling/drainage operations, etc.

[0152]  According to some embodiments, the sampling unit may be configured to direct
water from the SP into the sample cell and optionally also for drainage of the water sample
from the sample cell once a measuring session thereof is completed such as to allow
frequent and/or ongoing obtainments of new samples (one for each measurement session)

and easy drainage thereof.

[0153]  For example, the sampling unit may include or use one or more pumps, valves
and/or pipes for pumping and directing water samples from the specific SP into each
sample cell of the sampling unit as well as means for draining each acquired water sample

from the sample cell.
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[0154] According to some embodiments, the system may include one or more
manipulation units, at least one of which may include one or more mechanisms for
applying one or more other manipulations over the water sample for other separate
quality/state measurements of the water sample that may be conducted separately from
the dechlorinating measurements or combined therewith. For example, the system may
additionally include one or more ultrasonic (US) transducers for applying of ultrasonic
signals over the water (water) sample when in the sample cell for measuring turbidity of
the sample and/or for cleaning of the sample cell’s inner wall(s) and/or a de-bubbling
device for de-bubbling the water (water) sample before any optical measurement thereof

1s conducted.

[0155] In some embodiments, the one or more US transducers may be used for

improving or enhancing mixing of a reagent(S) with a water sample.

[0156] Reference is now made to Fig. 1, showing a schematic illustration of a local
monitoring system (LMS) 10 for monitoring one or more properties of one or more water
samples obtained from a swimming pool (SP) 1 water source, by monitoring response of
the SP water 2 to one or more manipulations applied to the SP water, according to some

embodiments.
[0157] The LMS 10 may include:
[0158] one or more measuring units, such as measuring unit 100; and

[0159] a local processing and control unit 200, configured to receive and
analyze/process data arriving from each of one or more measuring units 100 of the LMS
10 of the specific SP to determine one or more properties of the SP water 2 and SP
characteristics of the specific SP 1 optionally to identify SP state and exceptions/hazards
and optionally also to: control SP 1 facility/devices for operating, scheduling and/or
planning ongoing maintenance of the SP 1; and/or issue and/or send alerts upon
identification of each hazardous or exceptional situation, based on analysis/processing

results; and/or modify its own operation protocol, based on analysis/processing results.

[0160] According to some embodiments, each measuring unit 100 may include, for

example:
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[0161] an illumination unit 110 including one or more illuminators 111 such as one or
more light emitting diode (LED) and/or one or more excimer light sources designed to
emit light within a substantially narrow bandwidth within the ultraviolet (UV), visible or
IR light ranges (such as only within one of the short-wave, middle-wave or long-wave UV
ranges) and/or one or more wideband light sources such as a xenon gas discharge lamp or
a tungsten incandescent lamp and optionally also one or more optical elements and/or
optical devices for controlling the illuminator(s) and/or for optically manipulating light

emanating from the one or more illuminators 111 of the illumination unit 110;

[0162] a sampling unit 120 including at least one sample cell such as sample cell 121,
configured for receiving and holding therein water samples 20, sampled from the specific

SP water 2 of the specific SP 1;

[0163] one or more manipulation units such as manipulation unit 130 configured to

manipulate each water sample 20 contained in the sample cell 121; and

[0164] a detection unit 140 including one or more sensors such as an optical detector
141.

[0165] According to some embodiments, the sample cell 121 may include one or more
transparent surfaces and/or walls such as transparent walls 122a and 122b, for enabling
light emanating from the illumination unit 110 to transfer through the sample cell 121 for
illuminating the water sample 20 held therein, and for light passed through the sample cell
20 to be detected by the optical detector(s) 141 of the detection unit 140.

[0166] According to some embodiments, the sample cell 121 includes a cuvette.

[0167]  According to some embodiments the local processing and control unit 200 may
include and/or use hardware and/or software means enabling digital data communication,
storage, processing/analysis etc. and may be operatively associated with any one or more

of the other LMS 10 units, for any one or more of:
[0168] receiving and/or transmitting of data therefrom/thereto;
[0169] controlling one or more devices of the LMS 10;

[0170] processing data received from the detection unit 140 of each measuring unit

100;
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[0171] receive and/or send data to one or more remotely located end devices or

systems.

[0172]  According to some embodiments, the detection unit 140 may include one or

more of’

[0173] at least one optical detector comprising, for example, a camera, a pixelated

photodetector, an array of photodetectors, a spectrometer, etc.,
[0174]  at least one chemical sensor;

[0175] atleast one pH sensor,

[0176] at least one ultrasonic (US) transducer;

[0177] atleast one clectrochemical sensor;

[0178] at least one halochromic sensor;

[0179] at least one Oxidation Reduction Potential (ORP) sensor;
[0180] at least one temperature sensor;

[0181] at least one bolometric sensor;

[0182]  at least one conductivity sensor.

[0183] According to some embodiments, the detection unit 140 and/or the local
processing and control unit 200 may be configured to detect spectral (absorption) optical
properties of the water sample 20 held in the sample cell 121, for example in order to
detect/determine/estimate  concentration of one or more chemical and/or

organic/biological substances in the water sample 20.

[0184]  According to some embodiments, the LMS 10 may be configured such that the
one or more sensors 141 of the detection unit 140 are automatically, electronically, and/or
manually controllable to acquire sensor data of the water sample 20 in the sample cell 121
before any manipulation is applied thereto for obtainment of “non-manipulation data” of
the water sample 20 as well as measuring response of the water sample 20 to the specific
applied manipulation e.g., by measuring sample properties during and after the
manipulation was applied optionally for a preset specific manipulation period At, for

obtainment of the “manipulation data” and transmit this non-manipulation and
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manipulation data of the specific manipulation session to the local processing and control
unit 200 , which may then process this received data e.g., by comparing non-manipulation
and manipulation data, to determine one or more properties of the SP water and/or one or
more SP characteristics such as concentration of one or more substances such as

concentration of one or more chlorine species, concentration of cyanuric acid, etc.

[0185]  According to some embodiments, some of the SP water properties and/or SP
characteristics may be deduced from values of parameter-properties determined based on
sensor data processing. For example, pH level measurements may be used to deduce

alkalinity level.

[0186]  According to some embodiments applying a dechlorination manipulation to the
water sample 20 may enable deducing or estimating free chlorine levels from ORP

level/value of the SP water 2.

[0187] According to some embodiments, the spectral (absorption) optical
measurements of the water sample 20 may be done by using one or more illuminators,
each emitting light of a specific narrow wavelength (WL) bandwidth and a pixelated
optical detector or a spectrometer or a photodetector, enabling separate detection of
absorption properties of the pre-manipulated and post-manipulated water sample for each
specific WL either due to the detector ability to differentiate WL or by selectively

operating each illuminator while the others are turned off.

[0188] According to some embodiments, to determine/detect concentration of each
chlorine specie from a predefined list of such specie, using the dechlorination
manipulation(s), the SP water sample 20 is first measured by using an optical detector
before any manipulation is applied thereover, to determine spectral properties of the pre-
manipulated water sample 20 still containing therein (e.g., in a suspended state) all
chlorine species in their current concentration; then a dechlorinating reagents) is
introduced to the water sample 20 in the sample cell 121 and the sample 20 is measured
again for spectral properties thereof after a predefined suspension time period for allowing
the dechlorinating reagent(s) to chemically fully interact with the water sample 20 and
optionally also for enabling the reaction byproducts to be filtered/evaporated/sink, before

the water sample 20 is remeasured at its “post-manipulation”/’post-dechlorination” state.
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[0189]  According to some embodiments, dechlorination of the water sample may also
enable measuring or estimation of free chlorine levels from an ORP value (by measuring
the ORP of the sample when including approximately zero chlorine) and/or enable
calibration of a chlorine sensor of the detection unit or of other devices of the SP from its

value at approximately zero chlorine.

[0190] In some embodiments, ORP may be measured while gradually introducing
chlorine reagent/disinfection additive to the SP water 2 or to the SP water sample 20 and
measuring (for each dosage) ORP e.g., for measuring sensitivity of each of these sensor’s
and/or for generating personal calibration curves, per SP system, indicative of sensor
output data and its correlated calibrated parameter value such as free chlorine

concentration value, or cyanuric acid concentration value.

[0191] In some embodiments, manipulations of chlorine species concentrations and of
acid concentration, together with pH measurement of a water sample measurements can

also be used to determine/calculate alkalinity level of the SP water 2.

[0192] According to some embodiments, one or more manipulations to one or more
water samples for a SP may also be used to find a personalized dynamic range for values
of one or more parameters, for the specific SP and/or for finding balanced working
ranges/points for one or more parameters, which may improve maintaining the specific
SP in a balanced state in which all/most of its water quality parameters values are within
a personalized normal range that is appropriate for the specific SP but not necessarily for

other SPs.

[0193]  According to some embodiments, the manipulation unit(s) 130 may include one
or more manipulation devices, elements etc. and may each be designed for application of
one or more manipulations (e.g., of the same type such as reagent-introduction based
manipulations and/or of different types e.g., physical manipulations such as heating,
irradiating with US energy, illumination or filtration). For example, the manipulation unit
may include one or more containers or dispensers for enabling administering one or more

reagents into the sample cell 121.

[0194]  According to some embodiments, as shown in Fig. 1, the water from the SP 1

may be directed/channeled to the sample cell 121 via a water filling subsystem 150 one or
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more pipelines such as pipeline 151 using one or more pumps, faucets and/or controllable

valves such as controllable valve 152.

[0195]  According to some embodiments, as shown in Fig. 1, each sample cell 121 of
the sampling unit 120 may also include or connect to a drainage subsystem 160, for
draining water samples and emptying the sample cell 121. The drainage subsystem 160
may include one or more drainage channels/pipes such as drainage pipe 151 and one or

more controllable facets and/or valve such as controllable drainage valve 162.

[0196] Fig. 2 shows a schematic illustration of a local monitoring system (LMS) 10°
for monitoring one or more properties of water samples using multiple measuring units
100a-100¢, according to some embodiments, where each measuring unit 100a/110b/100c¢
may be configured for: a different set of manipulations; a different sampling technique
and/or equipment; and/or for different measuring techniques. A local processing and
control unit 200’ of this LMS 100> may communicate with each measuring unit
100a/100b/100c¢ at least for receiving sensor data thereof, at least via one communication

network, technique and/or hardware 25°.

[0197] According to some embodiments, each LMS 10/10° may use and/or include
filling and emptying (drainage) devices and/or elements for filling and draining each

sample cell with new samples from the respective SP.

[0198] Fig. 3 schematic illustration of a system 300 for monitoring a group 50 of
swimming SPs via a LMS 310a/310b/310¢ of each SP 50a/50b/50¢ of the SP group 50,
according to some embodiments, using a remotely located central control and processing
unit 350, which can communicate with a local processing and control unit of each of the
LMSs 310a/310b/310c¢ of the SPs 50a/50b/50¢ of the SP group 50 via one or more
communication channels such as communication channel 35. The central control and

processing unit 350 may be configured to carry out one or more of:
[0199] processing sensor data from each detection unit of each LMS;

[0200]  control cach LMS;

[0201]  control other PS devices such as filtering, backwash, disinfection maintenance

action etc.; and/or
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[0202] determine schedules and quantities of maintenance actions for each SP

50a/50b/50c.

[0203] learn from its history in order to improve and optimize the way it performs its

tasks.

[0204] Reference is now made to Fig. 4, which shows a flowchart, schematically
illustrating a method/process for monitoring SP water using SP water manipulation(s) for

determining water quality related properties of the SP, according to some embodiments.
[0205] The method may include at least some of the following steps:
[0206] For each new manipulation 41:

[0207] filling at least one sample cell with a new water sample from the respective SP
42 (e.g., using one or more pumps, controllable valves and/or pipes for pumping and

directing SP water from the SP to the sample cell(s);

[0208] (optional — for cases including optical detection) illuminating the water

sample(s) 43;

[0209] measuring one or more properties of each water sample before any

manipulation is applied thereto for obtaining “non-manipulation data” of each sample 44;

[0210] applying at least one manipulation over at least one water sample 45 e.g., at

least by, for example, introducing at least one reagent to at least one water sample;

[0211] measuring one or more corresponding properties of each water sample during
or after the application of each manipulation for obtaining “manipulation data” of each

sample 46; and

[0212] receiving and analyzing non-manipulation and manipulation data of each
sample for each manipulation for determining/calculating/estimating one or more

(updated) water quality properties of the SP water and/or other SP characteristics 47.

[0213] Reference is now made to Fig. 5, which shows a flowchart, schematically
illustrating a method/process for monitoring optical absorption properties of SP water
using SP water manipulation(s) for determining water quality related properties of the SP,

according to some embodiments.
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[0214] The method may include at least some of the following steps:
[0215] providing a new water sample from a SP (step 51):

[0216]  illuminating the water sample by illuminating the sample cell e.g., using

illuminator(s) of a narrow WL bandwidth, optionally operating one at a time (step 52);

[0217] measuring one or more optical properties of the water sample, including at least
spectral (absorption) properties of the water sample, before any manipulation is applied

thereto for obtaining “non-manipulation data” of the sample (step 53);

[0218] applying at least one reagent-based manipulation over the water sample (step

54) by introducing one or more reagents of one or more reagent-types to the water sample;

[0219] measuring one or more corresponding (absorption) spectral properties of the
water sample during or after the application of each manipulation for obtaining
“manipulation data” of each sample (step 55) for example by measuring the sample after

a suspension period in which the water sample is estimated to fully react with the reagent;

[0220] receiving and processing optical absorption properties of the sample by
comparing its spectral properties before and after the reaction thereof with the introduced

reagent(s) (step 56) e.g., to determine one or more SP characteristics; and

[0221]  determine and/or initiate one or more actions (e.g., based on above processing
and comparison results) such as maintenance action(s) and/or issuance/sending of alert(s)
or information to one or more end devices or to a central control and processing unit (step

57).

[0222]  According to some embodiments, the manipulation unit of a LMS may include
means for introducing the reagent(s) to the water sample in a controllable manner, by way
of dispensing of a powder/liquid reagent into the sample cell of the sampling unit, or into
the PS water or by way of directing water from the SP to be passed through the reagent(s)
or by way of bringing the water in selective contact with a surface element made of or

containing the reagent

[0223]  Fig. 6 schematically illustrates a measuring unit 600 for measuring one or more
SP water properties, according to some embodiments. The measuring unit 600 may

include a sampling unit 620 and a manipulation unit 630 that controllably introduces at
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least one reagent of at least one reagent type to a water sample 30 from a SP, according to

some embodiments.

[0224]  The manipulation unit 630 may include a reagent chamber 631, for containing
therein one or more solid dissolvable reagent tablets such as tablets 60, where the reagent
chamber 631 may be located such that, it engages an opening 623 of the sample cell 621.
The reagent chamber 631 may also include a controllable sealing door 634 that
controllably opens and seals an opening 632 of the chamber 631 that is located such as to
overlap opening 623 of the sample cell 621. A barrier 633 such as a bar/grid may be
located at the chamber’s opening 632 such as to prevent the tablet(s) 60 from entering the

sample cell 621 when the sealing door 634 is open.

[0225]  According to some embodiments, in order to enable unmanipulated SP water to
be channeled directly from the SP into the sample cell 621 and measured there before the
reagent is introduced thereto, a filling piping 651a manifold and controllable valve(s) of
faucet(s) may be used, such as manifold valve 652a, such that when a non-manipulation
sampling and measuring is to be conducted, the (electronically controllable) manifold
valve 652a is controlled to only direct SP water to pass through the pipeline section 653
of the filing piping 651a that does not pass through the reagent chamber 631 and when
the reagent is to be introduced the manifold valve 652a is controlled to have at least some
portion of SP water channeled through another filling piping section 654 that passes
through the reagent chamber 631 and controllably open the sealing door 634.

[0226]  According to some embodiments, it is possible to fill the sample cell and then

open the door to let water come in contact with the water.

[0227]  According to some embodiments, as illustrated in Fig .6, one or more drainage
pipes such as drainage pipe 651b may be used along with one or more controllable valves

such as valve 652b to controllably drain water samples from the sample cell 621.

[0228]  According to some embodiments, as illustrated in Fig .6 , the sample cell 631
also includes two transparent surfaces or windows 625a and 625b located opposite and
optionally in parallel to one another for enabling illuminating the water sample 30 in the
sample cell 21 using one or more illuminators of an illumination unit 610 of the measuring

unit 600, and detection of optical properties of the sample 30 using one or more sensors
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such as optical detector(s) of a corresponding detection unit 640 of the measuring unit
640. Other implementations may include transparent surfaces that are angular to one
another, using one or more optical elements such as reflectors, for directing light
emanating from an illuminator or from the sample cell 621 propagated at one propagation

direction to propagate at another direction angular to the first direction of propagation.

[0229]  Other optical focusing, filtering, and/or collimating hardware (device(s) and/or

element(s)) may be used to optimize/improve optical detection and/or illumination.

[0230] In addition, materials whose optical characteristics change as a function of the
properties of the water may be deployed as part of the optical system to enhance accuracy

and/or specificity of detection and/or measurement.

[0231]  Fig. 7 schematically illustrates another optional design for a measuring unit 700
of a LMS that uses multiple manipulation units such as manipulation units 730A-730C,
each including a dispenser for dispensing a different reagent optionally of a different

reagent type, according to other embodiments.

[0232] The sample cell 731 of the sampling unit 720 of the measuring unit 700 is
similar to the sample cell 620 of Fig. 6 by also including two transparent windows 725a
and 725b and a similar drainage mechanism including a drainage pipe 751b and a

corresponding controllable drainage valve 752b.

[0233] Each manipulation unit 730A/730B/730C includes a different controllable
dispenser that includes a chamber for containing a respective reagent therein such as liquid
reagent 71a contained in dispenser of manipulation unit 730A or solid dissolvable tablet(s)

reagent(s) such as tablets 71¢ of dispenser of the manipulation unit 730C.

[0234]  In this case, the filling pipeline 751a can be split into a manifold such that one
section of the filling pipeline 751a enables directly channeling SP water into the sample
cell 721 for obtaining the non-manipulation measurement(s) of an unmanipulated water
sample 31, and at least one filling pipeline manifold section is directed at least to
dispensers of manipulation units such as unit 730C that includes solidified tablet reagents
requiring dissolving in water before dispensed into the sample cell. The filling pipeline

manifold can be controlled via one or more controllable valves 752a.

30



05 Nov 2024

2024259736

[0235]  The dispensing at least of the liquid reagent(s) may be controllably conducted

by using one or more dispenser-valves or faucets such as faucet 731A.
[0236] EXAMPLES

[0237] Example 1 is a method for monitoring at least one swimming pool (SP), the

method comprising at least:

[0238] providing a detection unit that comprises at least one sensor for measuring one

or more properties of water of the specific SP;

[0239] providing at least one processing unit, configured at least to receive and analyze

sensor data from the detection unit for determining one or more characteristics of the SP;

[0240] obtaining a non-manipulation data of the SP water, before applying any
manipulation to water of the SP, by measuring one or more properties of the SP water or
at least one sample of the SP water, before it has been manipulated, using the detection
unit;

[0241]  applying at least one manipulation over the SP water or at least one sample from
the SP water, using at least one corresponding manipulation unit, the at least one
manipulation including at least introducing of at least one reagent to the SP water or to at

least one sample thereof;

[0242]  obtaining manipulation data of the SP water, using the detection unit, indicative

of a response of the SP water to the manipulation; and

[0243]  receiving and analyzing the non-manipulation data and the manipulation data
of the specific manipulation, at least for determining one or more characteristics of the

specific SP.

[0244] In example 2, the subject matter of example 1 may include, where the at least

one manipulation is used for one or more of:
[0245]  determining concentration of one or more substances in the SP water;

[0246]  determining relations and/or relationship curves between one or more of SP

water properties and one or more other SP water properties for the specific SP;
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[0247]  calibration and/or adjustment of one or more values of one or more SP
parameters, associated with one or more SP properties, that are used for analyzing sensor

data arriving from the detection unit, relating to the specific SP;

[0248]  determining level and/or value of one or more parameters associated with water

quality;

[0249]  calibration and/or adjustment of one or more parameters values, thresholds

and/or relations indicative of expected normal behavior of the specific SP.

[0250] In example 3, the subject matter of example 2 may include, where the
determination of concentration of one or more substances includes determining
concentration of at least one of the following: concentration of one or more chlorine
species; concentration of cyanuric acid; concentration of calcium; concentration of

biomass.

[0251] In example 4, the subject matter of any one or more of examples 2 to 3 may
include, where the determination of level and/or value of one or more parameters includes
at least one of: pH level; alkalinity level, Free Chlorine level, Combined Chlorine level,

Oxidation Reduction Potential (ORP) level, turbidity level, water hardness level.

[0252] In example 5, the subject matter of any one or more of examples 1 to 4 may
include, where the one or more reagents comprise one or more of: one or more
dechlorination reagents of one or more types; an acid of one or more acid types and/or of
one or more concentrations; one or more chlorination reagents of one or more types; one
or more chlorine species; one or more dye substances; one or more titrants; one or more
buffering substances;; one or more halochromic materials; one or more gassing and/or

degassing materials.

[0253] In example 6, the subject matter of example 5, where the one or more

dechlorination reagents include: Barium Sulfite and/or Calcium Sulfite.

[0254] In example 7, the subject matter of example 6 may include, where the one or

more dechlorination reagents are in a form of dissoluble tablets.

[0255] In example 8, the subject matter of any one or more of examples 1 to 7 may

include, where the at least one manipulation further comprises one or more of:
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[0256] actively heating of at least one sample of the swimming pool water for
evaporating one or more substances from the at least one sample or for water evaporation

and residue measurements;
[0257]  actively or passively cooling of at least one sample of the SP water;

[0258] gassing and/or degassing at least one portion or at least one sample of the

swimming pool water;
[0259] applying a physical force over the SP water or at least one sample thereof;

[0260]  dying of the SP water or at least one sample thereof after the at least one reagent

has been introduced to the SP water or at least one sample thereof.

[0261] In example 9, the subject matter of any one or more of examples 1 to 8 may
include, where each manipulation of the SP water is done by using at least one sampling
unit comprising at least one sample cell for containing water samples therein, a filling
mechanism for filling the sample cell with SP water and a drainage mechanism for

draining water samples from the sample cell.

[0262] In example 10, the subject matter of example 9 may include, where at least one
sample cell of the sampling unit is at least partially transparent to enable illumination of a

water sample contained therein and to enable optical detection of the water sample.

[0263] In example 11, the subject matter of any one or more of examples 1 to 10 may
include, where the at least one sensor of the detection unit comprises at least one of: at
least one optical detector, at least one pH sensor, at least one pressure sensor, at least one
ultrasonic (US) transducer, at least one electrochemical detector, at least one spectrometer,
at least one camera, at least one pixelated optical detector, at least one halochromic sensor,

at least one Oxidation Reduction Potential (ORP) sensor.

[0264] In example 12, the subject matter of any one or more of examples 1 to 11 may

include, where the method further comprises one or more of the following steps:

[0265] providing an illumination unit comprising at least one light source positioned
and configured to illuminate a sample of the SP water held in a sampling unit’s sample

cell;
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[0266] channeling a sample from the SP water into the sample cell of the sampling

unit;

[0267] illuminating the water sample contained by the sample cell, using at least one
illuminator of the illumination unit, where the obtaining of non-manipulation and
manipulation data is done by detecting optical properties of the water sample using one or

more optical sensors of the detection unit.

[0268] Inexample 13, the subject matter of example 12 may include, where the at least
one illuminator of the illumination unit, is configured to output light that is within one or

more of the following spectral ranges: ultraviolet (UV), Visible (VIS).

[0269] In example 14, the subject matter of any one or more of examples 1 to 13 may
include, where the method further comprises administering or dispensing the at least one
reagent to the swimming pool water or to a sample thereof, for manipulating thereof, using

a dispensing mechanism.

[0270] In example 15, the subject matter of any one or more of examples 1 to 13 may
include, where the introducing of the at least one reagent to the SP water or at last one
sample thereof comprises channeling water from the SP to a sample cell, while directing
the channeled SP water to pass through a filtering unit comprising one or more reagents

before the SP water enters the sample cell.

[0271] In example 16, the subject matter of any one or more of examples 1 to 15 may
include, where the method further comprises determining or retrieving data associated
with a suspension period for each particular manipulation being carried out, where the
obtainment of the manipulation data, done by measuring the SP water or at least one
sample thereof, is done after or during the suspension period, where the suspension period
is associated with the at least one reagent being used and/or with a ratio between the
quantity of the at least reagent being used and the quantity of SP water being tested, and/or
with known concentration and/or dissolving rate of the specific at least one reagent being

used for the specific manipulation.

[0272] Inexample 17, the subject matter of example 16 may include, where the method

further includes one or more of:
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[0273] mixing of a sample of the SP water with the at least one reagent, using at least

one mixing mechanism;

[0274]  heating or gassing/bubbling of the SP water or at least one sample thereof when
the at least one reagent is introduced thereto, for causing a desired chemical reaction
between the SP water and the at least one reagent being introduced, and/or for achieving

a desired reaction quality;

[0275] applying acoustic signals by using at least one acoustic transducer for mixing

the reagent with the water sample;

[0276] introducing the at least one reagent to a sample of the SP water contained in a
sample cell and waiting for the sampled water to passively react with the introduced at

least one reagent;

[0277]  using a chamber of a manipulation unit including one or more solid tablets of
the reagent and channeling water from the SP through the filtering unit before entering a

sample cell from which water samples characteristics are measured.

[0278]  In example 18, the subject matter of any one or more of examples 1 to 17 may
include, where at least one of the at least one manipulation comprises multiple
manipulation stages where the one or more properties of the SP water is measured for each

manipulation stage.

[0279] Inexample 19, the subject matter of example 18 may include, where the one or
more manipulation stages comprise gradual increasing of dosage, concentration, type
and/or quantity of the at least one reagent being introduced to the SP water or at least one

sample thereof.

[0280] In example 20, the subject matter of any one or more of examples 1 to 19 may
include, where the method further includes the step of alerting situations associated with
high and/or low concentration of one or more substances in the swimming pool water

and/or with inappropriate levels of one or more SP parameters.

[0281] In example 21, the subject matter of any one or more of examples 1 to 20 may
include, where at least one of the following steps is performed automatically: each

manipulation, obtainment of the non-manipulation and manipulation data, analysis of the
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pre-manipulating and manipulating data, transmission of alerts, calibration and/or

adjustment of analysis related parameters of the specific SP.

[0282] In example 22, the subject matter of any one or more of examples 1 to 21 may
include, where the method further includes the step of managing a group of multiple
swimming pools (SPs) by measuring and analyzing properties of each SP in the group of
SPs, accumulating non-manipulation and manipulation data for each SP and results of
analysis of this data and using the accumulated data to determine various SP maintenance
and/or calibration properties for each SP in the group of SPs, by using multiple local
monitoring systems, one per each SP of the group of SPs and at least one central remote
monitoring system, configured to receive and analyze monitoring data from each of the
local monitoring systems, where the central remote monitoring system is further
configured to control monitoring and/or maintenance of each of the SP of the group of

SPs via its corresponding local monitoring system.

[0283] Example 23 is a system for monitoring water quality related characteristics of

water of a swimming pool (SP), the system may include at least:

[0284] a detection unit comprising one or more sensors, the detection unit being

configured for measuring one or more properties of the SP water;

[0285]  a manipulation unit configured to apply one or more manipulations over the SP
water or part thereof, by adding at least one reagent to water from the SP, at each

manipulation-session; and

[0286]  at least one control and processing unit configured to receive and analyze sensor
data arriving at least from the detection unit, where the detection unit and the at least one

control and processing unit are configured to:

[0287] measure the SP water before applying any manipulation to the SP water, for
obtaining non-manipulation data of the SP water, indicative of non-manipulation

properties of the SP water, using the detection unit;

[0288]  measure the SP water after and/or during its manipulation at least for obtaining

manipulation data of the SP water; and

[0289]  analyze the non-manipulation data and the manipulation data of the specific

manipulation, at least for determining one or more characteristics of the specific SP.
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[0290] In example 24, the subject matter of example 23 may include, where the at least
one manipulation comprises at least dechlorination of the SP water by adding to the SP
water at least one dosage of a dechlorinating reagent of at least one type, at least for

determination of concentration of one or more chlorine species in the SP water.

[0291] In example 25, the subject matter of any one or more of examples 23 to 24 may
include, where the analysis of the non-manipulation and manipulation data is done for at

least one of the following purposes:
[0292] determining concentration of one or more other substances in the SP water;

[0293]  determine level and/or value of one or more parameters associated with water

quality;

[0294]  calibrating and/or adjusting one or more values of one or more pool
characteristics, used for analyzing sensor data arriving from the detection unit, relating to

the specific SP; and/or

[0295]  calibrating and/or adjusting one or more curves and/or tables of values of one
or more pool-characteristics, used for analyzing sensor data arriving from the detection

unit.

[0296] In example 26, the subject matter of any one or more of examples 23 to 25 may
include, where the one or more sensors of the detection unit comprises at least one optical

detector.

[0297] In example 27, the subject matter of example 26 may include, where at least
one optical detector comprises a spectral detector configured for measuring absorption

characteristics of the water from the SP.

[0298] In example 28, the subject matter of any one or more of examples 23 to 27 may
include, where the system further includes a sampling unit that includes at least one sample
cell, configured to obtain and hold therein a water sample sampled from the water of the
SP, for conducting all measurements and manipulations over one or more water samples

when held within the sample cell.
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[0299]  In example 29, the subject of example 28 may include, where the sample cell is
at least partially transparent to enable illumination of the water sample and to enable

optical detection of the obtained water sample, when held inside the sample cell.

[0300] In example 30, the subject matter of any one or more of examples 28 to 29 may
include, where the at least one sampling unit is also configured for drainage of water

samples therefrom.

[0301] Inexample 31, the subject matter of any one or more of examples 28 to 30 may
include, where the system further includes one or more mixing mechanisms configured
for mixing the reagent with a water sample obtained from the SP r after it has been

administered or dispensed thereto.

[0302] In example 32, the subject matter of any one or more of examples 23 to 31 may
include, where the system further includes an illumination unit comprising at least: at least

one light source, positioned and configured to illuminate the SP water.

[0303] Inexample 33, the subject matter of any one or more of examples 23 to 32 may
include, where the obtaining of the non-manipulation and manipulation data is done by
measuring optical absorption properties of the SP water before and after and/or during it

has been manipulated.

[0304] Inexample 34, the subject matter of example 33 may include, where the at least
one light source is configured to illuminate the SP water in light that is within one of more

of the following spectral ranges: ultraviolet (UV), Visible (VIS).

[0305] Inexample 35, the subject matter of any one or more of examples 23 to 34 may
include, where the at least one reagent comprises one of: Barium Sulfite, Calcium Sulfite,
Sodium Sulfite, one or more chlorine species, one or more acids, one or more dye

substances, one or more buffering substances.

[0306] In example 36, the subject matter of any one or more of examples 23 to 35 may
include, where the one or more water quality characteristics further comprise one or more
of: concentration of one or more chlorine species, alkalinity level; pH value; cyanuric acid

concentration; biomass concentration, turbidity level.
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[0307] Inexample 37, the subject matter of any one or more of examples 23 to 36 may
include, where the at least one reagent used for dechlorination manipulation is solid

configured to dissolve in water.

[0308] In example 38, the subject matter of any one or more of examples 23 to 37 may
include, where the system further includes at least one reagent introduction unit

configured for introducing of at least one reagent to the SP water, for manipulating thereof.

[0309] In example 39, the subject matter of any one or more of examples 23 to 38 may
include, where the at least one processing unit is further configured to determine and/or
retrieve data associated with a suspension period for each particular manipulation being
carried out, where the post-manipulation measurement for the specific manipulating being
carried out, is only done after the determined suspension period, where the suspension
period is associated with the reagent being used and/or with a ratio between the dosage

being used and the amount of SP water being tested.

[0310] In example 40, the subject matter of any one or more of examples 23 to 39 may
include, where the detection unit and/or the at least one control and processing unit are
configured to measure water from the SP when manipulated at different levels of
chlorination and assessing concentration of cyanuric acid in the SP water, based on the

measured different levels of chlorine species of the SP water.

[0311] In example 41, the subject matter of example 40 may include, where the
measuring of the SP water at different levels of chlorination is done by adding different
doses of a dechlorinating reagent or alternatively chlorinating agents to one or more
samples of water from the SP, and measuring absorption characteristics of the SP water at
the different chlorination levels, when being illuminated, using at least one spectral

detector of the detection unit and at least one illuminator.

[0312] In example 42, the subject matter of any one or more of examples 23 to 41 may
include, where the system further includes a main controller, operatively associated with
all units and modules of the system and with the at least one control and processing unit,

for one or more of:
[0313]  receiving manipulation related data from multiple SPs;

[0314] analyzing received manipulation data from the multiple SPs;
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[0315]  determining a maintenance plan for each SP based on per SP manipulation data;

and/or
[0316]  controlling monitoring and/maintenance of each of the SPs;

[0317] accumulate multiple SP monitoring data and adjust monitoring and/or

maintenance of each SP, based on analysis of accumulated monitoring data.

[0318] In example 43, the subject matter of example 42 may include, where the main
controller and/or the at least one control and processing unit is further configured to detect
alerting situations associated with high and/or low concentration of one or more
substances in the SP water and display and/or send one or more alerting notifications to

one or more end devices.

[0319] In example 44, the subject matter of any one or more of examples 23 to 43 may
include, where the system is configured at least for automatic and/or real time and/or near

real time measuring, reagents addition, manipulation and processing.

[0320] In example 45, the subject matter of any one or more of examples 23 to 44 may
include, where the system is configured for automatic sampling of a water sample into at
least one sample cell for each manipulation and testing to be performed thereby, and for
automatic emptying of each sample cell from each water sample, once the measuring of

the water sample is completed.

[0321] In example 46, the subject matter of any one or more of examples 23 to 45 may
include, where the system further includes at least one controllable reagent introduction
unit locatable and configured such as to controllably expose SP water passed therethrough

to dissolvable reagent.

[0322] In example 47, the subject matter of example 46 may include, where the at least
one controllable reagent introduction unit comprises a sealable container comprising one
or more reagents located therein, a grid barrier located at an opening of the sealable
container and a controllable door for controllably sealing the opening of the container, for
controllably exposing SP water passed through the sealable container to the at least one
dissolvable reagent by opening the door allowing SP water to enter the container and react

to the at least one reagent located therein.
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[0323] While the invention has been described with respect to a limited number of
embodiments, these should not be construed as limitations on the scope of the invention,

but rather as exemplifications of some of the embodiments.

[0324] In the above Description, unless otherwise stated, adjectives such as
“substantially” and “about” that modify a condition or relationship characteristic of a
feature or features of an embodiment of the invention, are to be understood to mean that
the condition or characteristic is defined to within tolerances that are acceptable for

operation of the embodiment for an application for which it is intended.

[0325] It should be understood, that where the claims or specification refer to "a" or
"an" element, component, object, property, characteristic and/or feature, such reference is
not to be construed as its being only one of the elements. Hence, reference to “an element”
or “at least one element” for instance may also encompass “one or more elements” or "at

least one element"” etc.

[0326] Terms used in the singular shall also include the plural, except where expressly

otherwise stated or where the context otherwise requires.

[0327] In the description and claims of the present application, each of the verbs,
"comprise" "include" and "have", and conjugates thereof, are used to indicate that the
object or objects of the verb are not necessarily a complete listing of components, elements

or parts of the subject or subjects of the verb.

[0328]  Unless otherwise stated, the use of the expression “and/or” between the last two
members of a list of options for selection indicates that a selection of one or more of the
listed options is appropriate and may be made. Further, the use of the expression “and/or”
may be used interchangeably with the expressions “at least one of the following”, “any
one of the following” or “one or more of the following”, followed by a listing of the

various options.

[0329] It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments or example, may also be provided in
combination in a single embodiment. Conversely, various features of the invention, which
are, for brevity, described in the context of a single embodiment, example and/or option,

may also be provided separately or in any suitable sub-combination or as suitable in any
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other described embodiment, example or option of the invention. Certain features
described in the context of various embodiments, examples and/or optional
implementation are not to be considered essential features of those embodiments, unless
the embodiment, example and/or optional implementation is inoperative without those

clements.

[0330] It is noted that the terms “in some embodiments”, “according to some

embodiments”, "according to some embodiments of the invention", “for example”, “e.g.,”,

“for instance” and “optionally” may herein be used interchangeably.

[0331] The number of elements shown in the Figures should by no means be construed

as limiting and is for illustrative purposes only.

[0332] Throughout this application, various embodiments may be presented in and/or
relate to a range format. It should be understood, that the description in range format is
merely for convenience and brevity and should not be construed as an inflexible limitation

on the scope of the embodiments.
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CLAIMS

1. A method for monitoring at least one swimming pool (SP), the method comprising at

least:

providing a detection unit that comprises at least one sensor for measuring one or

more properties of water of the specific SP;

providing at least one processing unit, configured at least to receive and analyze

sensor data from the detection unit for determining one or more characteristics of the SP;

obtaining non-manipulation data of the SP water by measuring one or more
properties of the SP water or at least one sample of the SP water, without it being

manipulated, using the detection unit;

applying at least one manipulation over the SP water or at least one sample from the
SP water, using at least one corresponding manipulation unit, the at least one
manipulation including at least dechlorination of the SP water or at least one sample

from the SP water;

obtaining manipulation data of the SP water, using the detection unit, indicative of a

response of the SP water to the manipulation; and

receiving and analyzing the non-manipulation data and the manipulation data of the
specific manipulation, at least for determining one or more chlorine species

concentration in the SP water.

2. The method of claim 1, wherein the at least one manipulation is used for one or more

of:
determining concentration of one or more substances in the SP water;

determining relations between one or more of SP water properties and one or more

other SP water properties for the specific SP;
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calibration and/or adjustment of one or more values of one or more SP parameters,
associated with one or more SP properties, that are used for analyzing sensor data

arriving from the detection unit, relating to the specific SP;

determining level and/or value of one or more parameters associated with water

quality;

calibration and/or adjustment of one or more parameters values, thresholds and/or

relations indicative of expected normal behavior of the specific SP.

3. The method of claim 2, wherein the determination of concentration of one or more

substances further includes determining concentration of one or more of:
cyanuric acid;
calcium;
biomass of one or more types;
one or more chloramines;
one or more chloramines including one or more of: NH>Cl, NHCI>, NCls;
one or more cyanurate species;
one or more cyanurate species including one or more of: HsCy, H,Cy", HCy?, Cy™;
one or more chlorinated cyanurates;

one or more chlorinated cyanurates including one of more of:CI3Cy, CI2Cy",

HCICy".

4. The method of claim 2, wherein the determination of level and/or value of one or
more parameters includes at least one of: pH level; alkalinity level, Free Chlorine Level,
Combined Chlorine Level, Oxidation Reduction Potential (ORP) level, turbidity level,

water hardness level.
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5. The method of claim 1, wherein the at least one manipulation includes introduction of

one or more chemical reagent to the SP water or to one or more samples of the SP water.

6. The method of claim 5, wherein the one or more chemical reagents include one or

more of’
one or more dechlorination reagents;
an acid of one or more acid types and/or of one or more concentrations;
one or more chlorination reagents of one or more types;
one or more chlorine species;
one or more dye substances;
one or more titrants;
one or more buffering substances;
one or more dye substances;
one or more halochromic materials;

one or more gassing and/or degassing materials.

7. The method of claim 1, wherein the dechlorination manipulation comprises one or

more of:

introducing of one or more dechlorination reagents of one or more types into the SP

water or one or more samples of the SP water;
heating of the SP water or one or more samples of the SP water;

applying pressure to the SP water or one or more samples of the SP water; and/or
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bubbling of the SP water or one or more samples of the SP water.

8. The method of claim 7, wherein the one or more dechlorination reagents include:

Barium Sulfite and/or Calcium Sulfite, Sodium Sulfite.

9. The method of claim 8, wherein the one or more dechlorination reagents are in a form

of dissoluble tablets.

10. The method of claim 1, wherein the at least one manipulation comprises one or more

of:

actively heating of at least one sample of the swimming pool water for evaporating
one or more substances from the at least one sample or for water evaporation and residue

measurements;
actively or passively cooling of at least one sample of the SP water;

gassing and/or degassing at least one portion or at least one sample of the

swimming pool water;
applying a physical force over the SP water or at least one sample thereof;

dying of the SP water or at least one sample thereof after the at least one reagent has

been introduced to the SP water or at least one sample thereof.

11. The method of claim 1, wherein the obtainment of the manipulation data is done
after a reaction time associated with the specific manipulation applied to the SP water or

at least one sample thereof.
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12. A system for monitoring water quality related characteristics of water of a swimming

pool (SP), the system comprising at least:

a detection unit comprising one or more sensors, the detection unit being configured

for measuring at least one or more properties of the SP water;

a manipulation unit configured to apply one or more manipulations over the SP

water or one or more portions thereof; and

at least one control and processing unit configured to receive and analyze sensor

data arriving at least from the detection unit;

wherein the detection unit and the at least one control and processing unit are configured

to:

obtain non-manipulation data of the SP water by measuring one or more properties
of the SP water or at least one sample of the SP water, without it being manipulated,

using the detection unit;

obtain manipulation data of the SP indicative to response of the SP water to the

applied manipulation, using the detection unit; and

analyze the obtained non-manipulation data and the manipulation data of the
specific manipulation, at least for determining concentration of one or more chlorine

species in the SP water.

13. The system of claim 12, wherein the dechlorination of the SP water is done by at

least one of:

introducing of a dechlorinating reagent of at least one type to the SP water or at

least one sample from the SP water;
heating of the SP water or at least one sample from the SP water;

bubbling of the SP water or at least one sample from the SP water.
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14. The system of claim 12, wherein the analysis of the non-manipulation and

manipulation data is further done for at least one of the following purposes:
determining concentration of one or more other substances in the SP water;

determine level and/or value of one or more parameters associated with water

quality;

calibrating and/or adjusting one or more values of one or more pool characteristics,
used for analyzing sensor data arriving from the detection unit, relating to the specific

SP; and/or

calibrating and/or adjusting one or more curves and/or tables of values of one or
more pool-characteristics, used for analyzing sensor data arriving from the detection

unit.

15. The system of claim 12, wherein the one or more sensors of the detection unit
comprises one or more of: at least one optical detector; at least one temperature sensor,
at least one Oxidation Reduction potential (ORP) sensor, at least one pH sensor, at least

one spectrometer, art least one camera, at least one photodetector.

16. The system of claim 12 further comprising a sampling unit that comprises at least
one sample cell, each sample cell being configured to obtain and hold therein a water
sample sampled from the water of the SP, for conducting all measurements and
manipulations over one or more water samples when held within the at least one sample

cell.

17. The system of claim 16, wherein the at least one sampling unit is also configured for

filling and drainage of SP water into and out from each sample cell.
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18. The system of claim 16, further comprising one or more mixing mechanisms

configured for mixing a reagent with a water sample obtained from the SP water.

19. The system of claim 16, wherein the sample cell is at least partially transparent to
enable illumination of the water sample and to enable optical detection of the obtained

water sample, when held inside the sample cell, and

wherein the system further comprises an illumination unit comprising at least: at least
one light source, positioned and configured to illuminate the SP water, wherein the
obtaining of the non-manipulation and manipulation data is done by measuring optical
absorption properties of the SP water before and after and/or during it has been

manipulated.

20. The system of claim 12, wherein the dechlorination manipulation comprises one or

more of’

introducing of one or more dechlorination reagents of one or more types into the SP

water or one or more samples of the SP water;

heating of the SP water or one or more samples of the SP water;

applying pressure to the SP water or one or more samples of the SP water;
and

bubbling of the SP water or one or more samples of the SP water.

21. The system of claim 12 further comprising a sampling unit including one or more
sampling cells, wherein one or more a dissolvable tablets of at least one type of a

dechlorination reagent are positioned:

inside at least one of the one or more sample cells of the sampling unit;
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inside a reagent chamber having at least one controllable sealing door that can be
controllably open and closed for controlling manipulation of a SP water sample held

within the sample cell;

at least one controllable reagent dispenser configured to controllably dispense doses

of one or more reagents into one or more SP water samples or to the SP water.

22. The system of any claim 12, wherein the at least one manipulation comprises
introduction of at least one reagent to the SP water or to one or more samples thereof,
wherein the at least one reagent comprises one of: Barium Sulfite, Calcium Sulfite,
Sodium Sulfite, one or more chlorine species, one or more acids, one or more dye

substances, one or more buffering substances.

23. The system of claim 12 further comprising a main controller, operatively associated
with all units and modules of the system and with the at least one control and processing

unit, for one or more of:

receiving and analyzing manipulation and non-manipulation data from multiple

SPs;

determining a maintenance plan for each SP based on per SP manipulation data,

based on analysis results; and/or
controlling monitoring and/maintenance of each of the SPs;

accumulate multiple SP monitoring data and adjust monitoring and/or maintenance

of each SP, based on analysis of accumulated monitoring data.

50



05 Nov 2024

2024259736

1/7

100 —

10

Fig. 1

Local
Control and

Processing

Unit
\\

200



05 Nov 2024

2024259736

100a

\

Measuring
Unit |

2/7

100b

\

Measuring
Unit Il

10’

100c

\

Measuring
Unit Il

Local
Control and
Processing
Unit

\

Fig. 2

200’

AN
=




05 Nov 2024

2024259736

50a

\

3/7

50b

\

300

50c

LMS |

310a

LMS 111

\

310c

Central
Remote
Control and
Processing
Unit

Fig. 3

N P

350



05 Nov 2024

2024259736

New Manipulation session?

Yes

Fill at least one sample cell with a new (non-
manipulated) water sample from the swimming pool
(SP)

v

(Optional) Illuminate the at least one water sample

\ 4

Measure one or more non-manipulation properties of
the SP water, using one or more sensors, before any
manipulation is applied to the water sample(s),
obtaining thereby non-manipulation data of the SP
water

A

Apply one or more manipulation over the SP water or
one or more samples thereof

L—45

Y

Measure one or more manipulation properties of the
SP water, using one or more sensors, obtaining
thereby manipulation data of the SP water

\ 4

Receive and analyze the non-manipulation data and
manipulation data (e.g. by comparing pre-
manipulation and manipulation results) to determine
one or more updated characteristics of the respective
SP

Fig. 4



05 Nov 2024

2024259736

5/7

Y

Provide a new water sample of the swimming pool in a
sample cell

A 4

Illuminate the water sample in the sample cell by using at
least one illuminator

|52

'

Measure non-manipulation optical absorption properties
of the illuminated water sample, before the sample is
manipulated, for obtainment of non-manipulation
(spectral) data of the SP water

f53

v

Apply reagent-based manipulation over/to the sample by
introducing the same or other sample with one or more
reagent(s)

\ 4

Measure manipulation optical absorption properties of the
same or another illuminated sample after e.g., after a
reaction time associated with the specific manipulation
and/or during reaction with the introduced reagent(s)

f55

y

Receiving and processing optical absorption properties of
non and post/during manipulation to determine one or
more physical properties of the SP water

f56

|

Determine and/or update one or more SP related actions
and their related details based on determined SP
characteristic such as: Maintenance Actions and/or Alert
Actions

Fig. 5

57



05 Nov 2024

2024259736

621

625a

610

6/7

600

620 631
632

623

651b 652b \

Fig. 6




05 Nov 2024

2024259736

7/7

700
N 71C

730A 730B 730

751a

71a (

L

731A
720 \“%

725a

52a

\\\‘725b

31

752b \\\

721
751b

Fig. 7



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

