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POOL CLEANING ROBOT HAVING A FILTERING UNIT AND A SENSOR

A pool cleaning robot (100) that may include a

filtering unit (170) for filtering fluid that passes through
the filtering unit; a calorimetric sensor (62) for sensing a
cleanliness related parameter of the filtering unit while
the pool cleaning robot is submerged in the fluid; and a
controller (101) that is configured to at least assist in de-
termining, based on the cleanliness related parameter of
the filtering unit, a cleanliness of the filtering unit.
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Description
BACKGROUND

[0001] Most assessments concerning the status of a
filtering unit of a pool cleaning robot may be conducted
manually by visual inspection. Reduction of pumping
force or pumping abilities may be another indication for
a clogged filtering unit.

[0002] A clogged filter indication system is described
in US patent number 6965814 that is incorporated into
this specification in its entirety.

[0003] In brief, the said indication system concerns an
electronic system that controls the electric power con-
sumption and load of the pump motor for eventually pro-
ducing an indication signal when the filtering unit is
clogged or full.

[0004] It remains an important necessity for a pool
owner or operator to receive real time information on the
status of the filter.

SUMMARY

[0005] A pool cleaning robot, and a method for oper-
ating a pool cleaning robot as illustrated in the specifica-
tion and/or the claims and/or the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In order to understand the invention and to see
how it may be carried out in practice, a preferred embod-
iment will now be described, by way of non-limiting ex-
ample only, with reference to the accompanying draw-
ings.

FIG. 1 is an example of a pool cleaning robot;
FIGs.2A, 2B and 2C are examples of pool cleaning
robots;

FIGs. 3Aand 3B are examples of pool cleaning ro-
bots;

FIGs. 4A, 4B and 4C are examples of pool cleaning
robots;

FIG. 5 is an example of a pool cleaning robot;

FIG. 6A is an example of a pool cleaning robot;
FIG. 6B is an example of various components of a
pool cleaning robot;

FIGs. 7-10 are examples of pool cleaning robot;
FIG. 11A is an example of a pool cleaning robot;
FIGs. 11B and 11C are examples of pool cleaning
robots that are fulidly coupled to an external filter;
FIG. 12 is an example of a pool cleaning robot;
FIG. 13 is an example of cleaning units of pool clean-
ing robots;

FIG. 14 is an example of a pool cleaning robot and
an external cleaning unit;

FIG. 15 is an example of a pool cleaning robot and
an underwater station;

FIG. 16 is an example of a pool cleaning robot and
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an external station;

FIGs. 17A, 17B, 18 and 19 are examples of pool
cleaning robots;

FIG. 20A is an example of a pool cleaning robot and
a computerized system;

FIG. 20B is an example of a filter state prediction;
FIG. 21 is an example of a pool cleaning robot, a
user computerized system and a computerized sys-
tem;

FIG. 22 is an example of a pool cleaning robot, a
user computerized system;

FIG. 23 is an example of a pool cleaning robot;
FIGs. 24-27 are examples of modules of the pool
cleaning robot;

FIG. 28 is an example of a pool cleaning robot;
FIG. 29 is an example of a pool cleaning robot;
FIG. 30 is an example of a method;

FIG. 31 is an example of various components of a
pool cleaning robot;

FIG. 32 is an example of various components of a
pool cleaning robot;

FIG. 33 is an example of various components of a
pool cleaning robot;

FIG. 34 is an example of various components of a
pool cleaning robot;

FIG. 35 is an example of various components of a
pool cleaning robot;

FIG. 36 is an example of various components of a
pool cleaning robot;

FIG. 37 is an example of various components of a
pool cleaning robot;

FIG. 38 is an example of various components of a
pool cleaning robot;

FIG. 39 is an example of various components of a
pool cleaning robot;

FIG. 40 is an example of various components of a
pool cleaning robot;

FIG. 41 is an example of various components of a
pool cleaning robot;

FIG. 42 is an example of a timing diagram;

FIG. 43 is an example of various components of a
pool cleaning robot;

FIG. 44 is an example of various components of a
pool cleaning robot;

FIG. 45 is an example of various components of a
pool cleaning robot; and

FIG. 46 is an example of various components of a
pool cleaning robot.

DETAILED DESCRIPTION OF THE DRAWINGS

[0007] Any reference to a pool cleaner should be ap-
plied, mutatis mutandis to a method that is executed by
a pool cleaner and/or to a non-transitory computer read-
able medium that stores instructions that once executed
by the pool cleaner will cause the pool cleaner to execute
the method.

[0008] Any referencetomethod should be applied, mu-
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tatis mutandis to a pool cleaner that is configured to ex-
ecute the method and/or to a non-transitory computer
readable medium that stores instructions that once exe-
cuted by the pool cleaner will cause the pool cleaner to
execute the method.

[0009] Any reference to a non-transitory computer
readable medium should be applied, mutatis mutandis
to a method that is executed by a pool cleaner and/or a
pool cleaner that is configured to execute the instructions
stored in the non-transitory computer readable medium.
[0010] Theterm"and/or"is additionally oralternatively.
[0011] There may be provided a pool cleaning robot
that may have afiltering unit and one or more calorimetric
sensors for sensing the flow of fluid (or the lack of flow
of fluid) within the pool cleaning robot, wherein the flow
of fluid (or the lack of flow) are indicative of the cleanliness
of the filtering unit.

[0012] A mapping between detection signals of the ca-
lorimetric sensor and the cleaning sensor may be re-
ceived and/or learnt in order to convert detection signals
provided by a calorimetric sensor to an indication about
the cleanliness of the filtering unit.

[0013] When the filtering unit becomes clogged with
dirt (conveyed by the unfiltered fluid) the flow of fluid with-
in the pool cleaning robot may decrease.

[0014] A filter may be regarded as clogged when the
flow through the filter reduces (in comparison to a flow
through an ideally clean filter) to a certain degree. For
example - the flow may reduce by 5-100% - and espe-
cially above any threshold that may be defined by any
party - including the pool cleaning robot manufacturer, a
technician, a user, and the like. The threshold may be
fixed or may change over time.

[0015] The pool cleaning robot may include more than
a single calorimetric sensor for providing indications
about the flow of fluid within different locations within the
pool cleaning robot. These detection signals may provide
more accurate information about the cleanliness of the
filtering unit.

[0016] Non-limiting example of locations of the calori-
metric sensor may include (i) at a location that precedes
the filtering unit ("precedes" - non-filter fluid interacts with
the calorimetric sensor before entering the filtering unit),
(ii) within the filtering unit, (iii) after the filtering unit ("after"
- the calorimetric sensor interacts with filtered fluid), and
the like.

[0017] The calorimetric sensor may be positioned an-
ywhere within the pool cleaning robot and/or partially or
fully extending outside the pool cleaning robot.

[0018] The filtering unit may include multiple filters and
one or more calorimetric sensors may precede and/or
follow each one of the one or more of the multiple filters.
[0019] A calorimetric sensor may include a pair of ther-
mal resistors that are spaced apart from each other. The
thermal resistors are positioned within a path of the fluid.
One thermal resistor is heated in a controlled manner
(for example-to a known temperature) and the other ther-
mal resistor is used for temperature readings. The calor-
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imetric sensor may be an off-the-shelf calorimetric sensor
of vendors such as Turck GmbH & Co. Mulheim an der
Ruhr, or Vishay Inc., PA. USA, and the like.

[0020] It should be noted that instead of having two
thermal resistors the calorimetric sensor may include
more than a pair of thermal resistors, wherein one or
more thermal resistors is heated while one or more other
thermal resistors are used for the temperature reading.
[0021] An array of calorimetric sensors may be used.
The selection of which thermal resistor is heated and
which thermal resistor is used for temperature readings
may change over time or may remain fixed.

[0022] The monitored filtering unit may have any
shape, size and/or configuration. The filtering unit may
be a bag, may include filtering sheets, may be a filtering
cartridge, and the like. In the following text and/or figures
there may be some example of the filtering unit- but these
filtering units (bags, cartridges) are merely examples of
a filtering unit.

Example of operation

[0023] The thermal resistors of the calorimetric sensor
are thermally isolated from each other - unless they are
thermally coupled by fluid that contacts both thermal re-
sistors.

[0024] When both thermal resistors of the calorimetric
sensor are not contacted by fluid- and one thermal resis-
tor is heated to a predefined temperature - there is a
substantially constant temperature difference between
the two thermal resistors.

[0025] Various figures illustrate the calorimetric sen-
sors as having two legs that extend from a box - these
legs the end points of the two thermal resistors.

[0026] When the fluid starts to flow (and contacts both
thermal resistors) - the heat from the heated thermal re-
sistoris drawn by the fluid and the temperature difference
between the two thermal resistors is reduced.

[0027] The temperature difference depends on the
flow of fluid - stronger flow dissipates more heat and the
temperature difference is lower.

[0028] The differences measured by the thermal sen-
sor reflects the changes in the flow rate of the fluid at the
location ofthe calorimetric sensor. The temperature map-
ping may be converted by a controller to an indication
about the cleanliness of the filtering unit. Cleaner filtering
unit will result in faster fluid flow.

[0029] Fluidis induced to pass through the pool clean-
ing robot by a fluid control module that may include, for
example, one or more motors and/or one or more pumps
and/or one or more impellers.

[0030] The flow of the fluid may depend on the clean-
liness of the filtering unit and on the manner in which the
fluid is induced to flow (by the fluid control module). For
example- the fluid may be sucked at different rates.
[0031] Accordingly - the manner in which the fluid con-
trol module operates as well as the readings from the
calorimetric sensor should be taken into account when
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determining the cleanliness of the filtering unit.

[0032] The manner in which the fluid control module
can be determined by control signals sent to the fluid
control module, by the power consumption of the fluid
control module, and the like.

[0033] A difference between the expected flow of the
fluid (given the manner the fluid control module operates)
and the measured flow (by the calorimetric sensor) may
provide an indication about the cleanliness of the filtering
unit.

[0034] A pool cleaning robot may include an acceler-
ometer. This pool cleaning robot may or may not have
one or more calorimetric sensors.

[0035] An accelerometer may be used for measuring
the acceleration on different axis and helping with the
pool cleaning robot navigation. Additionally or alterna-
tively - the accelerator may be used to monitor the status
of the filter. An accelerometer may be used instead of a
calorimetric sensor or in addition to the calorimetric sen-
sor.

[0036] The accelerator may be used for evaluating the
cleanliness of the filtering unit - by measuring a frequency
of noise being generated by the robot motoric systems
and flow of fluid through the filter. The frequency of the
noise vibrations captured by the accelerometer is
changed according to the flow of the water inside the pool
cleaning robot. The flow inside the pool cleaning robot is
changed with the load of dirt in the filter element as the
flowing or exiting water is searching for different direc-
tions to flow through.

[0037] Thatfrequency and amplitude willbe measured
and compared between clean and full filtering bag or el-
ement and can be used as the source of indication to the
control system.

[0038] The accelerometer may detect flow induced vi-
bration. An accelerometer measuring the vibration of the
pool cleaner body caused by the impeller motor may
transform, from the time series noise measurements, to
a frequency domain using standard FFT transformation
(Fast Fourier Transform) to better recognize the noise
frequency differences between high flow and low flow of
water through the robot housing and filtering element or
bag.

[0039] Any of the mentioned above pool cleaning ro-
bots may include a housing, a controller, a communica-
tions module, a fluid control module a drive mechanism
to set in motion wheels and/or tracks and/or cleaning
brushes for propelling the robot along the floor and/or
walls of the swimming pool. The pool cleaning robot may
also include an active auxiliary brush, a power supply, a
power source such as a turbine and/or a tethered elec-
trical cable connecting the power supply to the pool clean-
ing robot or, alternatively, on board rechargeable batter-
ies.

[0040] The communications module may be used to
send (and/or receive) messages via wires or wirelessly
from an external communication devices that may be sta-
tionary inside or external to the pool, or mobile devices
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such as a smartphone or computer all having capacity
to process received data concerning filtering unit of the
pool cleaning robot and to deduct necessary actions
needed to rectify a clogging or clogged filter bag or car-
tridge.

[0041] Figure 1is a cross sectional view of an example
of of a pool cleaning robot 100 that has housing 80, open-
ing 81 thatmay be located at the bottom of the pool clean-
er, in close proximity of the swimming pool floor or wall
surfaces, pump motor 132, impeller 133 that is rotated
by pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as a filter element (bag or cartridge) that is
positioned between the opening and the impeller, calor-
imetric sensor 61, and controller 101. Although elements
61,101,132,133 are depicted separately, these elements
along with other elements such as, drive motors and ad-
ditional sensors, may be assembled together inside a
hermetically sealed, single motor unit (not shown).
[0042] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from the calori-
metric sensor. Controller 101 may determine the clean-
liness of the filtering unit based on detection signals. Al-
ternatively, the controller 101 may send the detection sig-
nals (either processed or "as is") to another entity that
may determine the cleanliness of the filtering unit based
on the detection signals.

[0043] Figure 2Ais a cross sectional view of an exam-
ple of a pool cleaning robot 100 that has housing 80,
opening 81, pump motor 132, impeller 133 that is rotated
by pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as an external filter element (bag or cartridge)
that is positioned outside housing 80, fluid flow bounda-
ries 134 that define the fluid path between opening 81
and the filtering unit 170, calorimetric sensor 61 that is
positioned near the opening 81 (and within the fluid path),
another calorimetric sensor 62 thatis positioned near the
inlet of filtering unit 170, and controller 101.

[0044] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensors 61 and 62. Controller 101 may determine the
cleanliness of thefiltering unit based on detection signals.
Alternatively, the controller 101 may send the detection
signals (either processed or "as is") to another entity that
may determine the cleanliness of the filtering unit based
on the detection signals.

[0045] Figure 2B is a cross sectional view of an exam-
ple of of a pool cleaning robot 100. The pool cleaning
robot of figure 2B differs from the pool cleaning robot of
figure 2A by not including other calorimetric sensor 62.
[0046] Figure 2C is a cross sectional view of an exam-
ple of of a pool cleaning robot 100. The pool cleaning
robot of figure 2C differs from the pool cleaning robot of
figure 2A by not including calorimetric sensor 61.
[0047] Figure 3Ais a cross sectional view of an exam-
ple of of a pool cleaning robot 100 that has housing 80,
opening 81, pump motor 132, impeller 133 that is rotated
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by pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as an internal filter element (bag or cartridge)
that is positioned inside housing 80, calorimetric sensor
61 that is positioned near the opening 81, another calor-
imetric sensor 62 that is positioned near opening 82 - for
example between filtering unit 170 and opening 82.
[0048] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensors 61 and 62. Controller 101 may determine the
cleanliness of the filtering unitbased on detection signals.
Alternatively, the controller 101 may send the detection
signals (either processed or "as is") to another entity that
may determine the cleanliness of the filtering unit based
on the detection signals.

[0049] Figure 3B is a cross sectional view of an exam-
ple of of a pool cleaning robot 100. The pool cleaning
robot of figure 3B differs from the pool cleaning robot of
figure 3A by having accelerometer 54 instead of other
calorimetric sensor 62.

[0050] It should be noted that the accelerometer 54
may be provided instead of calorimetric sensor 61 or in
addition to any number of calorimetric sensors.

[0051] Figure 4A is a cross sectional view of an exam-
ple of of a pool cleaning robot 100 that has housing 80,
opening 81, pump motor 132, impeller 133 that is rotated
by pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as an internal filter element (bag or cartridge)
that is positioned inside housing 80, calorimetric sensor
61 that is positioned outside the filtering unit 170 (but
within the fluid path), and another calorimetric sensor 62
that is positioned inside the filtering unit 170.

[0052] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensors 61 and 62. Controller 101 may determine the
cleanliness of the filtering unitbased on detection signals.
Alternatively, the controller 101 may send the detection
signals (either processed or "as is") to another entity that
may determine the cleanliness of the filtering unit based
on the detection signals.

[0053] Figure 4B is a cross sectional view of an exam-
ple of of a pool cleaning robot 100. The pool cleaning
robot of figure 4B differs from the pool cleaning robot of
figure 4A by not including other calorimetric sensor 62.
[0054] Figure 4C is a cross sectional view of an exam-
ple of of a pool cleaning robot 100. The pool cleaning
robot of figure 4C differs from the pool cleaning robot of
figure 4A by not including calorimetric sensor 61.
[0055] Figure 5is a cross sectional view of an example
of of a pool cleaning robot 100 that has housing 80, open-
ing 81, pump motor 132, impeller 133 that is rotated by
pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as an internal filter element (bag or cartridge)
that is positioned inside housing 80, and accelerometer
54 for sensing the accelerations of the pool controller.
[0056] Controller 101 may control the pool cleaning ro-
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bot and may receive detection signals from accelerom-
eter 54. Controller 101 may determine the cleanliness of
the filtering unit based on detection signals. Alternatively,
the controller 101 may send the detection signals (either
processed or "as is") to another entity that may determine
the cleanliness of the filtering unit based on the detection
signals.

[0057] Figure 6A is a cross sectional view of an exam-
ple of of a pool cleaning robot 100 that has housing 80,
opening 81, pump motor 132, impeller 133 that is rotated
by pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as an internal filter element (bag or cartridge)
that is positioned inside housing 80, other calorimetric
sensor 62 that is positioned inside the filtering unit 170
(but within the fluid path), and calorimetric sensor 61 that
is positioned at least partially outside housing 80. Calor-
imetric sensor 61 may sense the flow of fluid that flows
outside the pool cleaning robot and towards the water
ingress sport 81.

[0058] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensors 61 and 62. Controller 101 may determine the
cleanliness of thefiltering unit based on detection signals.
Alternatively, the controller 101 may send the detection
signals (either processed or "as is") to another entity that
may determine the cleanliness of the filtering unit based
on the detection signals.

[0059] Figure 6B illustrates various positioned and
types of colorimetric sensors. The calorimetric sensor 61
has a sensing edge - where the thermal resistors contact
thefluid. The sensing edge may pass through (or be prox-
imate to) an opening 86 at the bottom of the housing 85.
The sensing edge may be at the substantially the same
level as the bottom of the housing, at the exact level of
the bottom of the housing, may extend outside the bottom
of the housing or may be slightly above the bottom of the
housing. Substantially may mean within few centimeters
or few millimeters from the bottom of the housing. Few
may mean, for example, between 1 and 10. Any spatial
relationship between the calorimetric sensor 61 and any
part of the housing may be provided. Although figure 6A
illustrates the bottom of the housing - the calorimetric
sensor 61 may be positioned elsewhere - in relation to
another opening of the housing.

[0060] Figure 6B also shows that a cleaning element
such as bristles 88 may precede the sensing edge of the
calorimetric sensor 61. This may prevent the calorimetric
sensor 61 from being clogged.

[0061] Figure 6B also shows a bottom view of a part
of the bottom 85 and a calorimetric sensor 61 that has a
cylindrical shape with a central circular thermal resistor
612 that is surrounded by a cylindrical external thermal
resistor 611. The calorimetric sensor 61 may have any
shape and/or size.

[0062] Figure 6B also illustrates a cross section of the
calorimetric sensor 61 that has a cylindrical shape in
which there is agap between the lower parts of the central
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circular thermal resistor 612 and the cylindrical external
thermal resistor 611.

[0063] Figure 6B also illustrates a cross section of the
calorimetric sensor 61 that has a cylindrical shape in
which there is filling element 613 that is positioned in a
gap between the lower parts of the central circular ther-
mal resistor 612 and the cylindrical external thermal re-
sistor 611.

[0064] Figure 7 is a cross sectional view of an example
of of a pool cleaning robot 100. The pool cleaning robot
of figure 7 differs from the pool cleaning robot of figure 6
by not including other calorimetric sensor 62.

[0065] Figure 8 is a cross sectional view of an example
of of a pool cleaning robot 100. The pool cleaning robot
of figure 8 differs from the pool cleaning robot of figure 7
by having the calorimetric sensor 61 extending (at least
partially) outside the housing 80 - near upper outlet 82.
Calorimetric sensor 61 may sense the flow of fluid that
is ejected through opening 82.

[0066] Figure 9is a cross sectional view of an example
of of a pool cleaning robot 100 that has housing 80, open-
ing 81, pump motor 132, impeller 133 that is rotated by
pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as an internal filter element (bag or cartridge)
that is positioned inside housing 80, calorimetric sensor
61 that is positioned at least partially outside housing 80
-near opening 81, and other calorimetric sensor 62 that
is positioned at least partially outside housing 80 - and
extends through the bottom of the housing.

[0067] Calorimetric sensor 62 may be located flush in
the bottom of the housing that incorporates opening 81
or may form part of the abovementioned motor unit (not
shown). Whereby, the sensor incorporated in the said
motor unit, is inserted and located in a customized open-
ing at the said bottom plate in proximity and facing the
floor or wall swimming pool surfaces so that it may sense
and measure the flow of water while in movement to-
wards inlet 81.

[0068] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensors 61 and 62. Controller 101 may determine the
cleanliness of the filtering unitbased on detection signals.
Alternatively, the controller 101 may send the detection
signals (either processed or "as is") to another entity that
may determine the cleanliness of the filtering unit based
on the detection signals.

[0069] Figure 10 is a cross sectional view of an exam-
ple of of a pool cleaning robot 100 that has housing 80,
opening 81, pump motor 132, impeller 133 that is rotated
by pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as an internal filter element (bag or cartridge)
that is positioned inside housing 80, calorimetric sensor
61 that is positioned inside the filtering unit 170, a com-
munication module 60

[0070] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
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sensor 61. Controller 101 may determine the cleanliness
of the filtering unit based on detection signals. Alterna-
tively, the controller 101 may send the detection signals
(either processed or "as is") via communications module
60 to another entity that may determine the cleanliness
of the filtering unit based on the detection signals.
[0071] Figure 11A is a cross sectional view of an ex-
ample of of a pool cleaning robot 100 that has housing
80, opening 81, pump motor 132, impeller 133 that is
rotated by pump motor 132 and causes a suction of the
fluid and jet of fluid to be ejected from an opening 82,
filtering unit 170 such as an internal filter element (bag
or cartridge) that is positioned inside housing 80, accel-
erometer 54 that is positioned inside the filtering unit 170,
a communication module 60.

[0072] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from accelerom-
eter 54. Controller 101 may determine the cleanliness of
the filtering unit based on detection signals. Alternatively,
the controller 101 may send the detection signals (either
processed or "as is") via communications module 60 to
another entity that may determine the cleanliness of the
filtering unit based on the detection signals.

[0073] Figures 11B and 11C illustrates a pool cleaning
robot 100 that is fluidly coupled via hose 420 to an ex-
ternal filter 410. One or more calorimetric sensors (such
as calorimetric sensor 61) may be positioned within hose
420 and/or the external filter 410 - or anywhere within
the hydraulic path that starts within the pool cleaning ro-
bot 100 and ends at the external filter. Thus- zero or more
calorimetric sensors may be positioned within the pool
cleaning robot and zero or more calorimetric sensors may
be positioned outside the pool cleaning robot.

[0074] An example of a pool cleaning robot that is flu-
idly coupled to an external filtering unit is illustrated in
US patent number 9133639 that is incorporated herein.
A calorimetric sensor may be located anywhere inside
the said hose, at the entrance or exit of the said external
hose, while being wired and connected to a control PCB
and being powered by low voltage hydraulically produced
on-board electrical power device such as a turbine/gen-
erator when such a pool cleaner is hydraulically powered
and does not have its own electrical power supply inputs
(a power supply or batteries).

[0075] In this configuration - the signals of the calori-
metric sensor 61 may be send and/or processed to the
pool cleaning robot and/or to an external unit located out-
side the pool cleaning robot. The external unit may be a
processor, a communication unit or both. The processing
- especially determining the cleanliness of the filter - may
be done by the external unit or by yet another processor
- in the pool cleaning robot or outside the pool cleaning
robot. Figure 11B illustrates an external unit 440 that re-
ceives the signals from calorimetric sensor 61 .Figure
11C illustrates an external unit 450 that receives the sig-
nals from calorimetric sensor 61.

[0076] Figure 12 is a cross sectional view of an exam-
ple of of a pool cleaning robot 100 that has housing 80,
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opening 81, pump motor 132, impeller 133 that is rotated
by pump motor 132 and causes a suction of the fluid and
jet of fluid to be ejected from an opening 82, filtering unit
170 such as an internal filter element (bag or cartridge)
that is positioned inside housing 80, calorimetric sensor
61 thatis positioned near the opening 81 (near the bottom
of the housing), another calorimetric sensor 62 that is
positioned near opening 82 (near the top of the housing)
- for example between filtering unit 170 and opening 82.
Figure 12 also illustrates a cleaning unit 171 for cleaning
the filtering unit 170.

[0077] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensors 61 and 62. Controller 101 may determine the
cleanliness of the filtering unitbased on detection signals.
Alternatively, the controller 101 may send the detection
signals (either processed or "as is") to another entity that
may determine the cleanliness of the filtering unit based
on the detection signals.

[0078] Once the cleanliness of the filter is determined
(or for any other reason - for example when implementing
a periodic cleaning process) - controller 101 may instruct
cleaning unit 171 to clean the filtering unit 170.

[0079] A cleaning unit may be internal to the filtering
unit, external to the pool cleaning robot, or internal to the
pool cleaning robot but external to the filtering unit.
[0080] Figure 13 illustrates examples of cleaning units
that are internal to the housing 80.

[0081] The upper partof figure 13 illustrates a brushing
element 173 that has an arm and an axle - and is rotated
about the axle by rotator 172. The brushing element may
contact an inner wall of a cylindrical filter of the filter unit
and scrub the inner wall, may perform contactless clean-
ing by directing jets of fluid to the inner wall- and the like.
[0082] The lower part of figure 13 includes a side view
and a top view of a cleaning unit that is external to the
filtering unit 170 and may scan (for example - using tel-
escopic support elements that may move upwards and
downwards - under the control of a fluid motor) multiple
perforated rods 175 (or other fluid conduits with openings
or nozzles that face the filtering unit) so that fluid jets may
scan the exterior walls of the filtering unit 170.

[0083] Figure 14 illustrates an example of a cleaning
unit that is external to the housing 80.

[0084] During a filter cleaning process, a part of a
cleaning unit 630 (such as a pop-up sprinkler 631) may
enter through 81 into filtering unit 170.

[0085] The pop-up sprinkler 631 may have across sec-
tion that is smaller than the opening 81 thereby the pop-
up sprinkler may, even when passing through the open-
ing 81, may not seal the opening 81 and may leave a
space for fluid and/or debris to exit the pool cleaning robot
through the opening 81 during the cleaning process. The
cross section of the pop-up sprinkler and/or the opening
may have any shape and/or size. The cross section of
the pop-up sprinkler may have the same shape or may
differ from each other by shape.

[0086] The pop-up sprinkler 631 may include a valve
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178. The valve 178 may be a ball valve that creates in-
termittent water jet spray thrusts to improve and create
powerful streams of internal nozzle spraying to remove
stubborn dirt or debris attached. Multiple nozzles or open-
ings may be employed with varying nozzle diameter ap-
ertures along the pop up sprinkler rod. This is especially
important in initial cleaning cycles when season starts
and the dirt from the previous bathing season clings hard
onto the filter surfaces.

[0087] The additional liquid container 632 containing
cleaning fluid such as, for example an anti-calc sub-
stance may be used to mix this said liquid with the spray-
ing water.

[0088] The pop-up sprinkler 631 may be rotated about
an axis or not. In figure 14 base 631 of cleaning unit 630
may rotate the pop-up sprinkler 631.

[0089] The pop-up sprinklermay be made of a rigid ma-
terial or of a softer material such as soft rubber that will
inflate into the interior space of the filter or as stated
above, expand/contract telescopically. The process will
be preferably mechanical but may be subject to an elec-
trical/electronic control.

[0090] Itis noted that the pop-up sprinkler is merely a
non-limiting example of a cleaning element. Other clean-
ing elements may include, for example, elastic and/or
non-elastic cleaning elements, cleaning elements thatin-
clude a hollow tube or a hollow bag with a fluid inlet and
afluid outlet, pop-up cleaning elements that are not rods,
telescopic cleaning elements, cleaning elements that do
not pop-up, and the like.

[0091] The operation of the pop-up sprinkler is as fol-
lows: as the filter becomes clogged during normal cycle
time in-pool operation while the pool cleaning robot is
submerged, the pool cleaner records the level of clogging
and will classify it to anything between severely clogged
to containing some minor dirt. This will be communicated
to the controller of the docking station to determine a
cleaning process that may fit the state of the filtering unit.
The sensing of the state of the filtering unit may be sensed
by using one or more calorimetric sensor (such as 61
and 62) and/or by using an accelerometer.

[0092] Figure 15is anexample of a pool cleaning robot
100 and of an underwater station 5000 that is positioned
within the pool 5555 cleaned by the pool cleaning robot
100.

[0093] Pool cleaning robot 100 that has housing 80,
opening 81, pump motor, impeller that is rotated by pump
motor and causes a suction of the fluid and jet of fluid to
be ejected from an opening 82, filtering unit 170 such as
an internal filter element (bag or cartridge) that is posi-
tioned inside housing 80, calorimetric sensor 61 that is
positioned inside the filtering unit 170 and communication
module 60.

[0094] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensor 61. Controller 101 may determine the cleanliness
of the filtering unit based on detection signals. Alterna-
tively, the controller 101 may send the detection signals
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(either processed or "as is") to underwater station 5000
that may determine the cleanliness of the filtering unit
based on the detection signals. The controller 101 may
determine the cleanliness of the filter and instruct (or re-
quest) the underwater station 5000 to clean the filtering
unit, to replace the filtering unit, and even may send the
parameters of the cleaning process to the underwater
station 5000.

[0095] The underwater station 5000 may include a
processor 5010 for calculating the cleanliness of the fil-
tering unit, afilter cleaning unit and/or afilter replacement
unit 5020, and a communication module 5060 capable
of communicating with the communication module 60 of
the pool cleaning robot 100.

[0096] Figure 16is an example of a pool cleaning robot
100 and of an external station 6000 that is positioned
outside the pool 5555 cleaned by the pool cleaning robot
100.

[0097] Pool cleaning robot 100 that has housing 80,
opening 81, pump motor, impeller that is rotated by pump
motor and causes a suction of the fluid and jet of fluid to
be ejected from an opening 82, filtering unit 170 such as
an internal filter element (bag or cartridge) that is posi-
tioned inside housing 80, calorimetric sensor 61 that is
positioned inside the filtering unit 170 and communication
module 60.

[0098] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensor 61. Controller 101 may determine the cleanliness
of the filtering unit based on detection signals. Alterna-
tively, the controller 101 may send the detection signals
(either processed or "as is") to external station 6000 that
may determine the cleanliness of the filtering unit based
on the detection signals. The controller 101 may deter-
mine the cleanliness of the filter and instruct (or request)
the external station 6000 to clean the filtering unit, to re-
place the filtering unit, and even may send the parame-
ters of the cleaning process to the external station 6000.
[0099] The external station 6000 may include a proc-
essor 6010 for calculating the cleanliness of the filtering
unit, a filter cleaning unit and/or a filter replacement unit
6020, and a communication module 6060 capable of
communicating with the communication module 60 of the
pool cleaning robot 100.

[0100] Figure 17A is a cross sectional view of an ex-
ample of of a pool cleaning robot 100 that has housing
80, opening 81, pump motor and impeller (not shown)
that is rotated by the pump motor and causes a suction
of the fluid and jet of fluid to be ejected from opening 82,
filtering unit 170 such as afilter element (bag or cartridge)
that is positioned in the housing.

[0101] The poolcleaningrobotalsoincludes a cleaning
element such as an apertured bag 640. A flow of water
and/or cleaning fluid through the apertured bag 640 may
erectthe apertured bag and cause jets of the water and/or
cleaning fluid to exit the apertured bag through the ap-
ertures and clean the interior of filtering unit 170. Multiple
nozzles or openings may be employed with varying noz-
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zle or apertures diameters along the apertured bag. De-
bris and/or used water and/or cleaning fluid may exit the
pool cleaning robot via opening 81. Figure 17A also
shows a valve 614 of the pool cleaning robot that is at
an open position.

[0102] Calorimetric sensor 61 may not belong to the
pool cleaning robot 100 - and may inserted into pool
cleaning robot 100 when the cleanliness of the filtering
unit is tested.

[0103] Calorimetric sensor 61 may sense the cleanli-
ness of the filtering unit and send information to controller
101 or to a controller of another entity (such as under-
water system 5000 and/or external system 6000).
[0104] Calorimetric sensor 61 may be moved within
the filtering unit by manipulator 658.

[0105] Figure 17B is a cross sectional view of an ex-
ample of of a pool cleaning robot 100. The pool cleaning
robot of figure 17B differ from the pool cleaning robot of
figure 17A by coupling the calorimetric sensor 61 to con-
troller 101. The calorimetric sensor 61 belongs to the pool
cleaning robot. No manipulator for moving the calorimet-
ric sensor 61 is illustrated in figure 17B.

[0106] Figure 17B is a cross sectional view of an ex-
ample of a pool cleaning robot 100. The pool cleaning
robot of figure 18 differ from the pool cleaning robot of
figure 17A by positioning the calorimetric sensor 61 out-
side the filtering unit (and not inside the filtering unit- as
shown in figure 17B), and by having an additional brush-
ing elements 177 that may be moved by manipulator 652
and clean the filtering unit 170. The manipulator 652 and
the brushing element 177 may not belong to the pool
cleaning robot 100.

[0107] Figure 19 is a cross sectional view of an exam-
ple of of a pool cleaning robot 100 that has housing 80,
opening 81, pump motor 132, impeller 133 that is rotated
by the pump motor and causes a suction of the fluid and
jet of fluid to be ejected from opening 82, filtering unit 170
such as a filter element (bag or cartridge) that is posi-
tioned in the housing valve 614 and rear door 27 formed
at a rear part of housing 80. In figure 19 the valve 614
closes opening 81 and fluid may exit through rear door
27. This is used when the pool cleaning robot is being
removed or exits the swimming pool.

[0108] Figure 20A illustrates an example of a compu-
terized system 7000 and a pool cleaning robot 100 that
includes calorimetric sensor 61, controller 101, filtering
unit, impeller, pump motor, housing, openings and com-
munication module 60.

[0109] Computerized system 7000 may be one or more
computers, one or more servers, one or more mobile
communication devices, or more smartphone, one or
more tablet computer, more or more laptop computer,
and the like.

[0110] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensor 61. Controller 101 may determine the cleanliness
of the filtering unit based on detection signals. Alterna-
tively, the controller 101 may send the detection signals
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(either processed or "as is") to computerized system
7000 that may determine the cleanliness of the filtering
unit based on the detection signals.

[0111] The computerized system 7000 may predict
when the filter should be replaced, based, atleastin part,
on the cleanliness of the filtering unit or at least based
on changes in the cleanliness of the filtering unit.
[0112] The computerized system 7000 may send
alerts indicating that the filter is about to get clogged,
when it is expected to become clogged, alerts indicating
that the filtering unit should be replaced, alerts indicating
the cleanliness level of the filtering, unit, and the like.
[0113] The computerized system 7000 may determine
the cleanliness of the filter and instruct (or request) the
pool cleaning robot to clean the filtering unit, to replace
the filtering unit, and even may send the parameters of
the cleaning process to the pool cleaning robot. Such
messages may also be sentto an end user who will them
remove the pool cleaning robot from the pool for servic-
ing.

[0114] Figure 20B illustrates different filter cleanliness
readings (graph 8010) versus an expected cleanliness
degradation pattern (graph 8020).

[0115] An expected point in time in which the filtering
unitis clogged (to a predefined level) may be determined
based on either one of the differentfilter cleanliness read-
ings and the expected cleanliness degradation pattern.
[0116] Itshould be noted that the determination (or any
estimate related to the cleanliness of the filter)may be
also responsive to an expected pattern of operation of
the pool cleaning robot - for example - the duration of
each cleaning process, the repeatability of the cleaning
process (one a week, once a day, few times a month),
the time of the year (summer, winter, autumn, spring),
and the like.

[0117] The determination (or any estimate related to
the cleanliness of the filter) may be responsive to the flow
changes through the filters, to the expected operation of
the pool cleaning robot, to the cleaning patterns (concen-
trating on dirtier parts of the pool, random pattern), and
the like.

[0118] Theflow parameters may be monitoredinacon-
tinuous or non-continuous manner. The intervals be-
tween one measurement to the other (in the non-contin-
uous scenario) may be fixed, change over time, change
in response to the cleanliness of the filter. May change
in response to gaps between the actual cleanliness de-
terioration pattern and the expected cleanliness deterio-
ration pattern, and the like. Greater gaps may require
more monitoring.

[0119] The determination (or any estimate related to
the cleanliness of the filter) may be executed by learning
and/or updating in a continuous and/or non-continuous
manner, one or more parameters such as (i) repeatability
of the cleaning process, and (ii) the rate of cleanliness
deterioration (accumulation of dirt) of the filtering unit.
[0120] Using the predetermined values of a fluid flow
rate at different filtering unit states, for example, water
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flow through a clean filter will be about 17,000 liter per
hour while a clogged filter will enable a flow of only about
10,000 liter per hour.

[0121] Atleastonce in every operation cycle the robot
will sample the fluid flow rate and keep the result.
[0122] The computerized system 7000 may perform
an analysis of flow reading obtained from one or more
pool cleaning robots during one or more periods of time
and may calculate a trend line for a specific pool cleaning
robot - and calculate the gradient of the trend line
[0123] From the trend line and the gradient, the com-
puterized system 700 may predict the expected time
when the filter is subject to get fully clogged.

[0124] This predicted time will then be sent to the user
and may also be stored as an event at the user’'s mobile
device calendar.

[0125] It should be noted that the analysis, the men-
tioned above determination of the cleanliness of the fil-
tering (or any estimate related to the cleanliness of the
filter) may executed, in full or at leastin part, by controller
101 and/or by a user computerized device. There may
be provide a non-transitory computer readable medium
that stores instructions for executing any method illus-
trated in the specification and/or any determination of the
cleanliness of the filtering (or any estimate related to the
cleanliness of the filter).

[0126] Figure 21 illustrates an example of a computer-
ized system 7000, a user computerized system 8000 and
a pool cleaning robot 100 that includes calorimetric sen-
sor 61, controller 101, filtering unit, impeller, pump motor,
housing, openings and communication module 60.
[0127] Computerized system 7000 may be one or more
computers, one or more servers, one or more mobile
communication devices, or or more smartphone, one or
more tablet computer, more or more laptop computer,
and the like. The user computerized system 8000 may
be used or owned by the user of the pool cleaning robot.
The user computerized system may be one or more com-
puters, one or more servers, one or more mobile com-
munication devices, or or more smartphone, one or more
tablet computer, more or more laptop computer, and the
like

[0128] Controller 101 may control the pool cleaning ro-
bot and may receive detection signals from calorimetric
sensor 61. Controller 101 may determine the cleanliness
of the filtering unit based on detection signals. Alterna-
tively, the controller 101 may send the detection signals
(either processed or "as is") to computerized system
7000 that may determine the cleanliness of the filtering
unit based on the detection signals.

[0129] The computerized system 7000 and/or the user
computerized system may predict when the filter should
be replaced, based, at least in part, on the cleanliness
of the filtering unit or at least based on changes in the
cleanliness of the filtering unit.

[0130] The computerized system 7000 and/or the user
computerized system 8000 may send alerts indicating
that the filter is about to get clogged, alerts indicating the
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cleanliness level of the filtering unit, alerts indicating
when the filtering unit is going to be cleaned by the pool
cleaning robot unit, alerts indicating when the filtering
unit is going to be cleaned by an external system, alerts
indicating when the filtering unit should be replaced or
serviced, alerts indicating when the filtering unit is going
to be cleaned by the pool cleaning robot and the like.
[0131] The computerized system 7000 and/or the user
computerized system 800 may determine the cleanliness
of the filter and instruct (or request) the pool cleaning
robot to clean thefiltering unit, to replace the filtering unit,
and even may send the parameters of the cleaning proc-
ess to the pool cleaning robot.

[0132] Figure 22 illustrates an example of a user com-
puterized system 8000 and a pool cleaning robot 100
that includes calorimetric sensor 61, controller 101, fil-
tering unit, impeller, pump motor, housing, openings and
communication module 60.

[0133] Figure 22 differs from figure 21 by not including
the computerized system 7000. Any function of the com-
puterized system 7000 may be executed by the user com-
puterized system 8000 and/or the pool cleaning robot
itself.

[0134] It should be noted that various components of
the pool cleaning robot - such as a controller, electronic
board, pump motor, battery, drive motor and the like may
be located within one or more internal compartments/
inner housings - thereby protecting these components
from the fluid that flows in the pool cleaning robot.
[0135] Figure 23 illustrates various components of a
pool cleaning robot 100.

[0136] The pool cleaning robot 100 is illustrated as in-
cluding controller 101, drive and steering module 20,
power supply module 40, fluid control module 30, sensing
module 50 (including one or more calorimetric sensors
such as calorimetric sensor 61),communication module
60 and brushing module 90.

[0137] The controller 101 is arranged to control the op-
eration of the pool cleaning robot 100 and especially con-
trol the various modules 20, 30, 40, 50 and 60.

[0138] Figure 24 illustrates power supply modules 40
of a pool cleaning robot 100 according to various embod-
iments of the invention.

[0139] The power supply module 40 is configured to
provide electrical power to various power consuming
components such as controller 101, motors, sensors, and
the like. It may receive the electrical power or generate it.
[0140] One powersupply module 40 includes a second
contactless charging element 150 and a rechargeable
power source 135.

[0141] Another power supply module 40 includes a tur-
bine 120, electrical generator 122 and a rechargeable
power source 135.

[0142] A further power supply module 40 includes a
rotor 590 that acts as a turbine, a motor/generator 559
that acts as agenerator and arechargeable power source
135.

[0143] Figure 25illustrates drive and steering modules
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20 of a pool cleaning robot 100 according to various em-
bodiments of the invention.

[0144] Drive and steering module 20 is arranged to
move the pool cleaning robot 100. It may include one or
more motors, one or more wheels or tracks and one or
more transmissions that convey movements introduced
by motors to the one or more wheels and/or one or more
tracks.

[0145] One drive and steering module 20 includes first
drive motor 124, second drive motor 125, first transmis-
sion 127, second transmission 129, first track 141 and
second track 143.

[0146] The pool cleaning robot 100 may include a
brushing module (denoted 90 in figure 23) that may in-
clude one or more brushing wheels such as brushing
wheels 108 that are rotated (directly or indirectly) by first
and second tracks 141 and 143. The direction of move-
ment of the pool cleaning robot 100 can be controlled by
individually controlling the movement of first and second
tracks 141 and 143.

[0147] Another drive and steering module 20 includes
first drive motor 124, first transmission 127, first track
141, second track 143, brushing wheels (not shown) and
steering elements 107. Steering elements 107 can in-
clude fins, imbalance introduction elements, controllable
fluid jet elements and the like. Non-limiting examples of
steering elements are provided in US patent application
serial number 14/023,544 filed September 112013 which
is incorporated herein by reference. Any other steering
elements known in the art can be used.

[0148] Figure 26 illustrates fluid control modules 30 of
a pool cleaning robot according to various embodiments
of the invention.

[0149] A fluid control module 30 is arranged to control
a flow of fluid within the pool cleaning robot and to filter
said fluid.

[0150] Itmayinclude, any combination of the following:

a. Impeller 133 and pump motor 132 for inducing
fluid to flow through the pool cleaning robot 100.

b. Rotor 590 that acts as an impeller and a mo-
tor/generator 559 that acts as a motor.

c. Filtering unit 170.

d. Filter manipulator 180.

[0151] Figure 27 illustrates sensors of a sensing mod-
ule 50 of a pool cleaning robot according to various em-
bodiments of the invention. The sensing module 50 may
include one or more calorimetric sensors such as calor-
imetric sensor 61, and at least one other sensor out of:

a. Underwater station radiation sensor 110 for sens-
ing radiation from an underwater station 5000 - al-
lowing the pool cleaning robot to navigate towards
the underwater station.

b. Ultrasonic transceiver 51.

c. Acoustic sensor 52 that may include an acoustic
emitter and an acoustic detector to provide informa-
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tion about the area of the pool the pool cleaning robot
100 is passing on.

d. Gyrocompass 53 or multiple gyrocompasses for
providing directional information.

e. Accelerometer 54.

f. Step counter 55 for measuring movement of the
pool cleaning robot.

g. Orientation sensor 56 for sensing the orientation
of the pool cleaning robot 100.

[0152] Figure 28 illustrates various components of a
pool cleaning robot 100. This is an example of combina-
tion of controller 101 and various components of the drive
and steering module 20, power supply module 40, fluid
control module 30, sensing module 50 that includes one
or more calorimetric sensors such as calorimetric sensor
61, communication module 60, and brushing module 90.
[0153] Infigure 28 the pool cleaning robot 100 includes
controller 101, sensing module 50 that includes one or
more calorimetric sensors such as calorimetric sensor
61, communication module 60, filtering unit 170, filter ma-
nipulator 180, rechargeable power source 135, second
contactless charging element 150, impeller 133, pump
motor 132, first and second drive motors 124 and 125,
first and second transmissions 127 and 129, first and
second tracks 141 and 143.

[0154] Figure 29 illustrates various components of a
pool cleaning robot 100.

[0155] Infigure 29 the pool cleaning robot 100 includes
controller 101, sensing module 50 that includes one or
more calorimetric sensors such as calorimetric sensor
61, communication module 60, filtering unit 170, filter ma-
nipulator 180, rechargeable power source 135, electrical
generator 122, turbine 120, impeller 133, pump motor
132, first drive motor 124, steering elements 107, first
transmission 127, first and second tracks 141 and 143
and brushing module 90.

[0156] Any of the pool cleaning robots may have a
shredder for shredding debris, a sanitizing unit for sani-
tizing the filtering unit, compression unit for compressing
the filtering unit, spare filtering units for replacing the fil-
tering unit, and the like.

[0157] Detection signals from a calorimetric sensorare
processed to determine a flow of fluid. The flow of fluid
is processed to determine a cleanliness of a filtering unit.
[0158] Figure 30 illustrates method 500 according to
an embodiment of the invention.

[0159] Method 500 includes the following steps:
[0160] Step 510 offiltering, by a filtering unit of the pool
cleaning robot, fluid that passes through the filtering unit.
[0161] Step 520 of sensing, by a calorimetric sensor,
a cleanliness related parameter of the filtering unit while
the pool cleaning robot is submerged in the fluid.
[0162] The sensing may be executed in a continuous
or non-continuous manner.

[0163] Thesensingmay occurduring an entire sensing
period or during a part of a filtering period.

[0164] The cleanliness related parameter of the filter-
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ing unit may be a flow of fluid that is forced to flow through
the filtering unit.

[0165] The measurement of the calorimetric sensor
may be influenced by various parameters such as the
temperature of the fluid within a pool and/or a movement
of the pool cleaning robot itself.

[0166] The flow may increase when the pool cleaning
robot moves.
[0167] The temperature of the fluid in the pool may be

measured (directly or indirectly) when the pool cleaning
robot is not pumping fluid and is static.

[0168] Alternatively - the flow calculation may take into
account the difference between the reading of the calor-
imetric sensor when the pool cleaning pumps fluid versus
the readings when the pool cleaning sensor is not pump-
ing fluids.

[0169] Yet for another example - impeller parameters
(such as speed) and/or movement parameters of the pool
cleaner may be taken into account.

[0170] The sensing may be executed by multiple ca-
lorimetric sensors.

[0171] The sensing may involve sensing a flow of fluid
inside the pool cleaning robot and/or the flow of fluid out-
side the pool cleaning robot.

[0172] Step 530 of assisting in determining, by a con-
troller of the pool cleaning robot and based on the clean-
liness related parameter of the filtering unit, a cleanliness
of the filtering unit.

[0173] Step 530 may include at least one of the follow-

ing:

a. Determining, based on the cleanliness related pa-
rameter of the filtering unit, the cleanliness of the
filtering unit.

b. Determining, by co-operating with another com-
puterized system or component, the cleanliness of
the filtering.

c. Predicting, based on the cleanliness related pa-
rameter of the filtering unit, when the filtering unit will
be clogged.

d. Predicting, by co-operating with another compu-
terized system or component, based on the cleanli-
ness related parameter of the filtering unit, when the
filtering unit will be clogged.

[0174] The method may include step 540 of exchang-
ing information between the pool cleaning robot and an-
other entity - or at least transmitting information from the
pool cleaning robot.

[0175] Step 540 may include transmitting by a commu-
nication unitinformation about the cleanlinessrelated pa-
rameter of the filtering unit to a computerized system that
is external to the pool cleaning robot. Any alert or notifi-
cation may be sent to a computerized system to a user,
and the like.

[0176] Step 540 may include receiving by the commu-
nication unit information about the cleanliness of the fil-
tering unit, and sending the information about the clean-
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liness of the filtering unit to the controller.

[0177] Method 500 may also include step 550 of trig-
gering and/or performing a cleaning operation of the fil-
tering unit.

[0178] It should be noted that the cleaning operation
may be triggered based on the cleanliness of the filtering
unit - and that cleaning process may include reversing
the rotational direction of the impeller so that fluid is
forced to enter through opening 82 and exit through open-
ing 81 to perform a backwashing operation.

[0179] Figures 31-39 illustrates a calorimetric sensor
69 as having a single thermal resistor - it may have a
single leg that may extend from a box or other enclosure
of the calorimetric sensor.

[0180] Calorimetric sensor 69 of figures 31-39 may re-
place any of the calorimetric sensors (for example calor-
imetric sensors 61 and/or 62) illustrated in any one of the
figures that precede figure 31.

[0181] A pool cleaning robot may include a combina-
tion of one or more calorimetric sensor having a single
thermal resistor and one or more calorimetric sensors
having more than a single thermal resistor.

[0182] Calorimetric sensors 61 and/or 62 illustrated in
any one of the figures that precede figure 31 may replace
any one of Calorimetric sensor 69 of figures 31-39.
[0183] The top part of figure 31 is a cross sectional
view that shows calorimetric sensor 69 that has a leg that
extends below the bottom 85 of the housing of the pool
cleaning robot. It should be noted that there may or may
not be a gap around the leg.

[0184] The pool cleaning robot sucks fluid through
opening 81. The sucked fluid ideally flows towards the
opening. These sucked flows should propagate along
certain directions - and should provide an indication
about the cleanliness of the filtering unit.

[0185] It should be noted that the calorimetric sensor
may also be exposed to other flows (also referred to side
flows) that are not sucked towards the opening. These
other flows may introduce measurement errors.

[0186] Theremay be provided one or more flow limiters
that will allow sucked fluid to progress, substantially with-
out an interference, towards the opening but will reduce
oreven the flow of side flows over the calorimetric sensor.
[0187] The middle part of figure 31 also shows flow
limiters 68 that may limit the flow of side flows towards
the calorimetric sensor - thereby reduce measurement
errors resulting from the side flows.

[0188] The lower part of figure 31 shows that the ca-
lorimetric sensor extends outside a curved part of the
bottom of the housing of the pool cleaning robot.
[0189] Figure 32 illustrates a part of the bottom 65 of
the housing of the pool cleaning robot in which opening
81 isformed, fluid thatis sucked (sucked fluid 91) towards
the opening 81 passes between flow limiters 68. Flow
limiters 68 prevent (or reduce the impact) side flows 92
from flowing over calorimetric sensor 69.

[0190] The flow limiters may be parallel to each other,
may be nonparallel to each other, may be symmetrically
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arranged in relation to the calorimetric sensor, may be a
asymmetrically arranged in relation to the calorimetric
sensor, may be spaced apart at any distance from the
calorimetric sensor, may be normal to the opening and
may have any spatial relationship in relation to each oth-
er, in relation to the calorimetric sensor and in relation to
the opening.

[0191] The flow limiters may have any shape and/or
size. For example - the flow limiters may be linear, may
be curved, may have the same shape, may differ from
each other by shape, may be beams, bars, and the like.
Each one of the length, depth and width of the flow limiters
and the distance between any flow limiter and the calor-
imetric sensor may range between less than a centimeter
to more than a centimeter.

[0192] The number of flow limiters may exceed two.
[0193] Figure 33 illustrates flow limiters 68 that are
nonparallel to each other - and the spacing between the
flow limiters decreased towards the opening 81.

[0194] Figure 34 illustrates curved flow limiters 68 that
are nonparallel to each other.

[0195] Sucked fluid may fluctuate near the calorimetric
sensor. In order to reduce the affect of the fluctuations,
there is provided a turbulence generator that introduces
a turbulence at the vicinity of the calorimetric sensor -
that reduces the affect of the turbulences of the sucked
fluid.

[0196] The turbulence generator may introduce a tur-
bulence that may be parallel to the calorimetric sensor
or may otherwise contact the calorimetric sensor.
[0197] The turbulence generator may be static or dy-
namic. The turbulence generator may have any shape
and size that will induce turbulences.

[0198] Figure 35 illustrates a calorimetric sensor 69
thatis positioned between flow limiters 68 that are parallel
to each other. Turbulence generator 67 is positioned be-
tween flow limiters 68. In figure 35, turbulence generator
67 is a rod that is oriented to flow limiters 68 and is ori-
ented to opening 81.

[0199] Figure 36 differs from figure 35 by showing the
turbulence 67’ generated by turbulence generator 67.
[0200] Figure 37 illustrates a pool cleaning robot that
includes turbulence generator 67 but does not include
any flow limiters 68.

[0201] Figure 38 illustrates a calorimetric sensor 69
that is positioned between flow limiters 68 that are non-
parallel to each other. Turbulence generator 67 is posi-
tioned between flow limiters 68.

[0202] Figure 39 illustrates a calorimetric sensor 69
that is positioned between curved flow limiters 68. Tur-
bulence generator 67 is positioned between flow limiters
68. Turbulence generator 67 has a wing-shaped cross
section.

[0203] Figure 40 illustrates a calorimetric sensor 69
that is positioned between curved flow limiters 68. Tur-
bulence generator 67 is positioned between flow limiters
68. Turbulence generator 67 includes multiple curved
wings that rotate about an axis.



23 EP 3 480 391 A1 24

[0204] Asindicated above - calorimetric sensor 69 may
be replaced by calorimetric sensor 61 (or 62). For exam-
ple - figure 41 illustrates a pool cleaning robot that in-
cludes a calorimetric sensor 61 that is positioned be-
tween flow limiters 68.. Turbulence generator 67 is posi-
tioned between flow limiters 68.

[0205] It has been found that tracking after the change
of temperature of the calorimetric sensor is faster than
measuring the absolute temperature of the calorimetric
sensor. Thus, instead of allocating tens of seconds for
the measurement - the tracking of the temperature
change rate may require only few seconds (for example
3-5 seconds).

[0206] Tracking after the change of temperature can
be implemented by any of the pool cleaning robots illus-
trated in the specification.

[0207] It has also been found that using a calorimetric
sensor with a single thermal resistor requires to apply
time division multiplexing between the heating of the ther-
mal resistor and the measurement of the resistivity of the
thermal resistor. Accordingly - a certain amount of energy
is fed to the thermal resistor (thereby heating the thermal
resistor), and the resistivity of the thermal resistor (hence
the temperature of the thermal resistor) is measured after
a certain period after the heating. The thermal resistor is
heated to a known temperature and thus the rate of tem-
perature drop between the heating and the temperature
measurement provides anindication of the flow of sucked
fluid.

[0208] In order to compensate for the temperature of
the pool water - a pool water temperature measurement
(may be referred to as an initial measurement) may be
obtained- in which the resistance of the thermal resistor
is measured. The pool water measurement can be made
without substantially heating the thermal resistor. Alter-
natively - the pool water measurement can be made while
taking into account the power (or energy) supplied to the
thermal resistor during the measurement.

[0209] The pool water measurement can be executed
when the pool cleaning robot is static, and no water is
sucked by the pool cleaning robot. Alternatively - the pool
water measurement can be executed while the pool
cleaning robot moves at a known speed - but the affect
of the known speed on the temperature measurement is
taken into account (flow related to the known speed will
result in a certain cooling effect).

[0210] The change of heat of the calorimetric sensor
during the heating period and/or the temperature change
between the heating period and the measurement period
may also indicate whether the pool cleaning robot is in
the pool or is out of the pool.

[0211] For example- the calorimetric sensor can be
heated much faster when positioned outside water - in
relation to when the calorimetric sensor is in the water.
Furthermore - the cooling rate when the calorimetric sen-
sor is outside the water is slower in comparison to the
cooling rate obtained when the calorimetric sensor is in
water.
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[0212] Thus - the calorimetric sensor can be used to
provideaROBOT IN WATER indication and/ora ROBOT
OUT OF WATER indication.

[0213] The ROBOT INWATER indicationand/oraRO-
BOT OUT OF WATER indication may be saved by the
pool cleaning robot, may be communicated outside the
pool cleaning robot and the like.

[0214] Figure 42 illustrates a timing diagram that illus-
trates an initial measurement 301 that is followed by two
sequences of heating (312, 313) and temperature meas-
urements (302 and 303).

[0215] Figure43illustrates a power supply 71 that sup-
plied voltage and current to a voltage divider that includes
aresistor 72 and thermal resistor 73. The thermal resistor
73 may be heated by supplying a certain amount of cur-
rent to the voltage divider.

[0216] The voltage that falls on thermal resistor 73 is
fed to a first input of an operational amplifier 75. A refer-
ence voltage (from reference supply 74) is fed to another
input of operational amplifier 75. The operational ampli-
fier 75 sends to controller 101 an output signal that is
indicative of the difference between the voltage that falls
on thermal resistor and between the reference voltage.
The reference voltage may be set according to the initial
measurement.

[0217] Figures 44-46 illustrates various examples of a
calorimetric sensor 69 or of a combination of a calorimet-
ric sensor 69 and a turbulence generator 67 positioned
within a recess (inner space) 201 formed in surface 202
such as the bottom of the housing of the pool cleaning
robot. The recess may have a polygon shape - may in-
clude flat facets, may be curved or may have any shape.
[0218] In the foregoing specification, the invention has
been described with reference to specific examples of
embodiments of the invention. It will, however, be evident
that various modifications and changes may be made
therein without departing from the broader spirit and
scope ofthe invention as setforth inthe appended claims.
[0219] Moreover, the terms "front," "back," "top," "bot-
tom," "over," "under" and the like in the description and
in the claims, if any, are used for descriptive purposes
and not necessarily for describing permanent relative po-
sitions. It is understood that the terms so used are inter-
changeable under appropriate circumstances such that
the embodiments of the invention described herein are,
for example, capable of operation in other orientations
than those illustrated or otherwise described herein.
[0220] Any arrangementof components to achieve the
same functionality is effectively "associated" such that
the desired functionality is achieved. Hence, any two
components herein combined to achieve a particular
functionality may be seen as "associated with" each other
such that the desired functionality is achieved, irrespec-
tive of architectures or intermedial components. Like-
wise, any two components so associated can also be
viewed as being "operably connected," or "operably cou-
pled," to each other to achieve the desired functionality.
[0221] Furthermore, those skilled in the art will recog-
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nize that boundaries between the above described op-
erations merely illustrative. The multiple operations may
be combined into a single operation, a single operation
may be distributed in additional operations and opera-
tions may be executed at least partially overlapping in
time. Moreover, alternative embodiments may include
multiple instances of a particular operation, and the order
of operations may be altered in various other embodi-
ments.

[0222] However, other modifications, variations and al-
ternatives are also possible. The specifications and draw-
ings are, accordingly, to be regarded in an illustrative
rather than in a restrictive sense.

[0223] The phrase "may be X" indicates that condition
X may be fulfilled. This phrase also suggests that condi-
tion X may not be fulfilled. For example - any reference
to a pool cleaning robot as including a certain component
should also cover the scenario in which the pool cleaning
robot does notinclude the certain component. For exam-
ple - any reference to a method as including a certain
step should also cover the scenario in which the method
does not include the certain component. Yet for another
example - any reference to a pool cleaning robot that is
configured to perform a certain operation should also
cover the scenario in which the pool cleaning robot is not
configured to perform the certain operation.

[0224] The terms "pool cleaner" and "pool cleaning ro-
bot" are used in an autonomous manner and may refer
to a self-propelled pool cleaner.

[0225] The terms "including", "comprising”, "having",
"consisting" and "consisting essentially of" are used in
an interchangeable manner. For example- any method
may include at least the steps included in the figures
and/or in the specification, only the steps included in the
figures and/or the specification. The same applies to the
pool cleaning robot and the mobile computer.

[0226] It will be appreciated that for simplicity and clar-
ity of illustration, elements shown in the figures have not
necessarily been drawn to scale. For example, the di-
mensions of some of the elements may be exaggerated
relative to other elements for clarity. Further, where con-
sidered appropriate, reference numerals may be repeat-
ed among the figures to indicate corresponding or anal-
ogous elements.

[0227] In the foregoing specification, the invention has
been described with reference to specific examples of
embodiments of the invention. It will, however, be evident
that various modifications and changes may be made
therein without departing from the broader spirit and
scope of the invention as set forth in the appended claims.
[0228] Moreover, the terms "front, " "back, " "top, "
"bottom, " "over, " "under " and the like in the description
andinthe claims, ifany, are used for descriptive purposes
and not necessarily for describing permanent relative po-
sitions. It is understood that the terms so used are inter-
changeable under appropriate circumstances such that
the embodiments of the invention described herein are,
for example, capable of operation in other orientations
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than those illustrated or otherwise described herein.
[0229] Those skilled in the art will recognize that the
boundaries between logic blocks are merely illustrative
and that alternative embodiments may merge logic
blocks or circuit elements orimpose an alternate decom-
position of functionality upon various logic blocks or cir-
cuit elements. Thus, itis to be understood that the archi-
tectures depicted herein are merely exemplary, and that
in fact many other architectures can be implemented
which achieve the same functionality.

[0230] Anyarrangementof components to achieve the
same functionality is effectively "associated" such that
the desired functionality is achieved. Hence, any two
components herein combined to achieve a particular
functionality can be seen as "associated with" each other
such that the desired functionality is achieved, irrespec-
tive of architectures or intermedial components. Like-
wise, any two components so associated can also be
viewed as being "operably connected," or "operably cou-
pled," to each other to achieve the desired functionality.
[0231] Furthermore, those skilled in the art will recog-
nize that boundaries between the above described op-
erations merely illustrative. The multiple operations may
be combined into a single operation, a single operation
may be distributed in additional operations and opera-
tions may be executed at least partially overlapping in
time. Moreover, alternative embodiments may include
multiple instances of a particular operation, and the order
of operations may be altered in various other embodi-
ments.

[0232] Also for example, in one embodiment, the illus-
trated examples may be implemented as circuitry located
on a single integrated circuit or within a same device.
Alternatively, the examples may be implemented as any
number of separate integrated circuits or separate de-
vices interconnected with each other in a suitable man-
ner.

[0233] Also for example, the examples, or portions
thereof, may implemented as soft or code representa-
tions of physical circuitry or of logical representations
convertible into physical circuitry, such as in a hardware
description language of any appropriate type.

[0234] Also, the invention is not limited to physical de-
vices or units implemented in non-programmable hard-
ware but can also be applied in programmable devices
or units able to perform the desired device functions by
operating in accordance with suitable program code,
such as mainframes, minicomputers, servers, worksta-
tions, personal computers, notepads, personal digital as-
sistants, electronic games, automotive and other embed-
ded systems, cell phones and various other wireless de-
vices, commonly denoted in this application as ‘computer
systems’.

[0235] However, other modifications, variations and al-
ternatives are also possible. The specifications and draw-
ings are, accordingly, to be regarded in an illustrative
rather than in a restrictive sense.

[0236] In the claims, any reference signs placed be-
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tween parentheses shall not be construed as limiting the
claim. The word 'comprising’ does not exclude the pres-
ence of other elements or steps then those listed in a
claim. Furthermore, the terms "a" or "an," as used herein,
are defined as one as or more than one. Also, the use of
introductory phrases such as "at least one " and "one or
more "in the claims should not be construed to imply that
the introduction of another claim element by the indefinite
articles "a " or "an " limits any particular claim containing
such introduced claim element to inventions containing
only one such element, even when the same claim in-
cludes the introductory phrases "one ormore " or "at least
one " and indefinite articles such as "a" or "an." The
same holds true for the use of definite articles. Unless
stated otherwise, terms such as "first" and "second" are
used to arbitrarily distinguish between the elements such
terms describe. Thus, these terms are not necessarily
intended to indicate temporal or other prioritization of
such elements the mere fact that certain measures are
recited in mutually different claims does not indicate that
a combination of these measures cannot be used to ad-
vantage.

[0237] Anysystem, apparatus or device referred to this
patent application includes at least one hardware com-
ponent.

[0238] While certain features of the invention have
been illustrated and described herein, many modifica-
tions, substitutions, changes, and equivalents will now
occur to those of ordinary skill in the art. It is, therefore,
to be understood that the appended claims are intended
to cover all such modifications and changes as fall within
the true spirit of the invention.

[0239] Anycombination of any component of any com-
ponent and/or unit of pool cleaning robot that is illustrated
in any of the figures and/or specification and/or the claims
may be provided.

[0240] Any combination of any pool cleaning robot il-
lustrated in any of the figures and/or specification and/or
the claims may be provided.

[0241] Any combination of any set of pool cleaning ro-
bots illustrated in any of the figures and/or specification
and/or the claims may be provided.

[0242] Any combination of steps, operations and/or
methods illustrated in any of the figures and/or specifi-
cation and/or the claims may be provided.

[0243] Anycombination of operations illustrated in any
of the figures and/or specification and/or the claims may
be provided.

[0244] Any combination of methods illustrated in any
of the figures and/or specification and/or the claims may
be provided.

Claims
1. A pool cleaning robot, comprising:

a filtering unit for filtering fluid that passes
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through the filtering unit;

a calorimetric sensor for sensing a cleanliness
related parameter of the filtering unit while the
pool cleaning robot is submerged in the fluid;
and

a controller that is configured to at least assist
in determining, based on the cleanliness related
parameter of the filtering unit, a cleanliness of
the filtering unit;

wherein at least one of the following is true:

(i) the pool cleaning robot comprises a tur-
bulence generator that is arranged to intro-
duce turbulences that contacts the calori-
metric sensor;

(i) the pool cleaning robot comprises flow
limiters that are arranged to limit a flow of
side flows over the calorimetric sensor;

(iii) the calorimetric sensor consists essen-
tially of a single thermal resistor.

The pool cleaning robot according to claim 1, where-
in the pool cleaning robot comprises the turbulence
generator and wherein the turbulence generator is
static.

The pool cleaning robot according to claim 1, where-
in the pool cleaning robot comprises the turbulence
generator and wherein the turbulence generator is
dynamic.

The pool cleaning robot according to claim 1, where-
in the pool cleaning robot comprises the turbulence
generator and the flow limiters; and wherein the tur-
bulence generator is positioned between the flow
limiters.

The pool cleaning robot according to claim 1 wherein
the pool cleaning robot is configured to heat the sin-
gle thermal resistor, wait for a predefined period of
time and then measure an electrical parameter of
the single thermal resistor.

The pool cleaning robot according to claim 5 wherein
the calorimetric sensor is configured to sense the
cleanliness related parameter based on a rate of
temperature change of the single thermal resistor
between the heating of heating of the single thermal
resistor and the measuring of the electrical param-
eter of the single thermal resistor.

The pool cleaning robot according to claim 1 wherein
the pool cleaning robot is configured to heat multiple
thermal resistors, wait for a predefined period of time
and then measure an electrical parameter of the mul-
tiple thermal resistors.

The pool cleaning robot according to claim 7 wherein
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the calorimetric sensor is configured to sense the
cleanliness related parameter based on a rate of
temperature change of the multiple thermal resistors
between the heating of heating of the multiple ther-
mal resistors and the measuring of the electrical pa-
rameter of the multiple thermal resistors.

A method for monitoring a pool cleaning robot, the
method comprises:

filtering, by a filtering unit of the pool cleaning
robot, fluid that passes through the filtering unit;
sensing, by a calorimetric sensor, a cleanliness
related parameter of the filtering unit while the
pool cleaning robot is submerged in the fluid;
assisting in determining, by a controller of the
pool cleaning robot and based on the cleanli-
ness related parameter of the filtering unit, a
cleanliness of the filtering unit; and

wherein at least one of the following is true:

(i) the pool cleaning robot comprises a tur-
bulence generator that is arranged to intro-
duce turbulences that contacts the calori-
metric sensor;

(i) the pool cleaning robot comprises flow
limiters that are arranged to limit a flow of
side flows over the calorimetric sensor;

(iii) the calorimetric sensor consists essen-
tially of a single thermal resistor.

The method according to claim 9, wherein the pool
cleaning robot comprises the turbulence generator
and wherein the turbulence generator is static.

The method according to claim 9, wherein the pool
cleaning robot comprises the turbulence generator
and wherein the turbulence generator is dynamic.

The method according to claim 9, wherein the pool
cleaning robot comprises the turbulence generator
and the flow limiters; and wherein the turbulence
generator is positioned between the flow limiters.

The method according to claim 9, comprising heating
the single thermal resistor, waiting for a predefined
period of time and then measuring an electrical pa-
rameter of the single thermal resistor.

The method according to claim 13 comprising sens-
ing, by the calorimetric sensor, the cleanliness relat-
ed parameter based on a rate of temperature change
of the single thermal resistor between the heating of
heating of the single thermal resistor and the meas-
uring of the electrical parameter of the single thermal
resistor.

The method according to claim 9, comprising heating
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the multiple thermal resistors, waiting for a prede-
fined period of time and then measuring an electrical
parameter of the multiple thermal resistors.

The method according to claim 15 comprising sens-
ing, by the calorimetric sensor, the cleanliness relat-
ed parameter based on arate of temperature change
of the multiple thermal resistors between the heating
of heating of the multiple thermal resistors and the
measuring of the electrical parameter of the multiple
thermal resistors.
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