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(57)  Atemperature control system for a bathing unit
that includes a water holding receptacle and a heating
module. The temperature control system comprises a
plurality of actuators associated to the heating module
and a temperature regulation device in communication
with the actuators. The plurality of actuators are adapted
for acquiring a first set of actuation patterns for causing
the heating module to acquire a non-heating state and
a second set of actuation patterns for causing the heat-
ing module to acquire a heating state. The temperature
regulation device is operative for controlling the plurality
of actuators to cause the heating module to acquire ei-
ther one of the heating state or the non-heating state
and for selecting a configuration from the first set of ac-
tuation patterns for causing the heating module to ac-
quire the non-heating state. Alternatively, the tempera-
ture control system includes a solid state device asso-
ciated with the heating module
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a temperature control system for a bathing unit. More specifically, the present
invention relates to a temperature control system for a bathing unit that is operative to maintain the water temperature
of the bathing unit within a certain temperature range.

BACKGROUND OF THE INVENTION

[0002] Bathing units, such as spas, whirlpools, hot tubs, bathtubs and swimming pools, often include a water holding
receptacle, water pumps, a heating module to heat the water, a filter system, an air blower, a lighting system, and a
control system for activating and managing the various parameters of the bathing unit components.

[0003] In use, the water pumps typically circulate the water between the water holding receptacle and the heating
module in order to heat the water. The heating module is typically controlled by a temperature regulation device which
selectively activates/deactivates the heating module in order to set and maintain the water in the bathing unit within a
temperature range associated to a desired temperature. A risk associated with heating the water in the bathing unit is
that the temperature regulation device, or actuators for activating and deactivating the heating module might malfunc-
tion, which could cause the water temperature in the bathing unit to become unsafe. Accordingly, various safety reg-
ulation agencies, such as UL, CSA and TUV, have made certain requirements for bathing units in order to avoid injuries
due to unsafe water temperatures. As such, most bathing units are equipped with safety devices that are independent
of the temperature regulation device, such that if the water temperature becomes too hot, the safety devices are able
to prevent the heating module from continuing to heat the water.

[0004] Typically, the temperature regulation device is operative for controlling the activation/deactivation of the heat-
ing module by controlling an actuator, such as a relay or switch, which controls the voltage applied to the heating
module A deficiency with such systems is that the burden of causing the heating module to be activated and deactivated
is placed on one actuator. Standard relay actuators do not provide a lifetime exceeding approximately 100,000 cycles
at full load. As such, after 5-10 years, the relay actuator will fail and will need to be replaced. This is often both costly
and frustrating for the bathing unit owner, since the complete bathing unit temperature control system usually needs
to be returned for replacement.

[0005] In addition, the temperature regulation device is operative for controlling the activation/deactivation of a water
pump which circulates water between the water receptacle and the heating module. Generally, the temperature regu-
lation device controls the activation/deactivation of the water pump by controlling an actuator, such as a relay or switch,
which controls the voltage applied to the water pump An additional deficiency with temperature control systems as
described above, is that the water pump and/or the actuator, also has a finite life expectance, after which time the
water pump will need to be replaced.

[0006] Against the background described above, it appears that there is a need in the industry to provide a temper-
ature control system suitable for a bathing unit that alleviates at least in part the problems associated with the existing
bathing units.

SUMMARY OF THE INVENTION

[0007] In accordance with a broad aspect, the present invention provides a temperature control system for a bathing
unit. The bathing unit includes a receptacle for holding water and a heating module for heating the water supplied to
the receptacle The temperature control system comprises a plurality of actuators associated to the heating module
and a temperature regulation device in communication with the plurality of actuators. The plurality of actuators are
adapted for acquiring a first set of actuation patterns for causing the heating module to be in a non-heating state,
wherein the first set of actuation patterns includes at least two configurations, and a second set of actuation patterns
for causing the heating module to be in a heating state, wherein the second set of actuation patterns includes at least
one configuration The temperature regulation device is operative for controlling the plurality of actuators such as to
cause the heating module to be in either one of the heating state or the non-heating state. The temperature regulation
device is adapted for selecting a configuration from the first set of actuation patterns for causing the heating module
to be in the non-heating state.

[0008] In accordance with another broad aspect, the present invention provides a method for controlling the water
temperature of a bathing unit The bathing unit includes a receptacle for holding the water, a heating module for heating
the water supplied to the receptacle, and a plurality of actuators associated to the heating module. The plurality of
actuators are adapted for acquiring a first set of actuation patterns for causing the heating module to be in a non-
heating state, wherein the first set of actuation patterns includes at least two configurations, and a second set of
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actuation patterns for causing the heating module to be in a heating state, wherein the second set of actuation patterns
includes at least one configuration. The method comprises receiving a signal indicative of a water temperature, process-
ing the signal indicative of a water temperature on the basis of a desired water temperature to derive a control signal,
and controlling the plurality of actuators such as to cause the heating module to acquire either one of a heating state
or a non-heating state on the basis of the control signal. The method Further, comprises selecting a configuration from
the first set of actuation patterns when the control signal indicates that the heating module should acquire the non-
heating state.

[0009] In accordance with yet another broad aspect, the present invention provides a method for controlling the
heating of water in a bathing unit. The bathing unit includes a receptacle for holding water, a heating module for heating
the water supplied to the receptacle and a pump for circulating the water between the receptacle and the heating
module. The method comprises intermittently causing the activation of the pump to cause water to circulate between
the receptacle and the heating module, wherein the activation of the pump occurs after a certain delay time after a
deactivation of the pump. The method also includes modifying the certain delay time at least in part on the basis of
temperature measurements of the water taken between successive activations of the pump

[0010] In accordance with yet another broad aspect, the present invention provides a temperature control system
for a bathing unit. The bathing unit includes a receptacle for holding water, a heating module for heating the water
supplied to the receptacle and a pump for circulating the water between the receptacle and the heating module. The
temperature control system comprises a temperature sensor for measuring the temperature of the water and a tem-
perature regulation device in communication with the temperature sensor.. The temperature regulation device is op-
erative for intermittently causing the activation of the pump to cause water to circulate between the receptacle and the
heating module, wherein an activation of the pump occurs after a certain delay time after the deactivation of the pump.
The temperature regulation device is also adapted for modifying the certain delay time at least in part on the basis of
temperature measurements of the water taken between successive activations of the pump

[0011] In accordance with another broad aspect, the invention provides a method for controlling the heating of water
in a bathing unit, wherein the bathing unit includes a receptacle for holding water, a heating module for heating the
water supplied to the receptacle and a pump for circulating the water between the receptacle and the heating module.
The method comprises intermittently causing activation of the pump to cause water to circulate between the receptacle
and the heating module. An activation of the pump occurs after a certain delay time after a deactivation of the pump.
The method further comprises modifying the certain delay time at leastin part on the basis of an ambient air temperature
measurement.

[0012] Inaccordance with yet another broad aspect, the invention provides a temperature control system for a bathing
unit, wherein the bathing unit includes a receptacle for holding water The temperature control system comprises a
circulation system through which water can flow and a solid state device. The circulation system comprises a heating
module for heating the water supplied to the receptacle and circulation piping for connecting the heating module to the
receptacle The solid state device is operative for controlling the power supplied to the heating module, and is positioned
in a thermally conductive relationship with the water in the circulation system, such as to allow heat to dissipate from
the solid state device to the water in the circulation system

[0013] Finally, in accordance with yet another broad aspect, the invention provides a temperature control system for
a bathing unit, wherein the bathing unit includes a receptacle for holding water and a heating module for heating the
water supplied to the receptacle. The temperature control system comprises at least one solid state device associated
to the heating module, and a temperature regulation device. The solid state device is adapted for supplying power to
the heating module and the temperature regulation device is in communication with the solid state device for controlling
the solid state device such as to regulate the amount of power supplied to the heating module

[0014] These and other aspects and features of the present invention will now become apparent to those of ordinary
skill in the art upon review of the following description of specific embodiments of the invention in conjunction with the
accompanying drawings

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A detailed description of examples of implementation of the present invention is provided hereinbelow with
reference to the following drawings, in which:

Figure 1 shows a bathing unit system equipped with a control system in accordance with a non-limiting ex-
ample of implementation of the present invention;

Figure 2 shows a block diagram of a control system in communication with a heating module suitable for use
with a bathing unit system in accordance with a non-limiting example of implementation of the present
invention;
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Figure 3 shows a circuit diagram of a temperature control system in accordance with a non-limiting example
of implementation of the present invention;

Figure 4 shows a flow diagram of a method for maintaining the water temperature in a bathing unit within a
certain temperature range in accordance with a non-limiting example of implementation of the
present invention;

Figures 5A-5C  show graphs representative of the regulation of the water temperature within a bathing unit under
various conditions, in accordance with a non-limiting example of implementation of the present in-
vention;

Figure 6 shows a flow diagram of a method for calculating a delay time between the deactivation of a water
pump and the re-activation of a water pump, in accordance with a non-limiting example of imple-
mentation of the present invention;

Figure 7 shows a flow diagram of a method for calculating a delay time between the deactivation of a water
pump and the re-activation of a water pump in combination with a method for maintaining the water
temperature in a bathing unit, in accordance with a non-limiting example of implementation of the
present invention;

Figure 8 shows a graph representative of the regulation of the water temperature within a bathing unit using
the method shown in Figure 7, in accordance with a non-limiting example of implementation of the
present invention;

Figure 9 shows a computing unit for implementing a temperature regulation device for maintaining the water
temperature in a bathing unit within a certain temperature range, in accordance with a non-limiting
example of implementation of the present invention; and

Figure 10 shows a heating module with a solid state controller mounted thereto, in accordance with a non-
limiting embodiment of the present invention.

[0016] Inthe drawings, embodiments of the invention are illustrated by way of example Itis to be expressly understood
that the description and drawings are only for the purposes of illustration and as an aid to understanding, and are not
intended to be a definition of the limits of the invention.

DETAILED DESCRIPTION

[0017] Figure 1 illustrates a block diagram of a bathing unit system 10 in accordance with a specific example of
implementation of the present invention. It is to be understood that the expressions "bathing unit" and "bathing unit
system", as used for the purposes of the present description, refer to spas, whirlpools, hot tubs, bath tubs, swimming
pools and any other type of bathing receptacle that can be equipped with a control system for controlling various
operational settings.

[0018] The bathing unit system 10 shown in Figure 1, includes a water receptacle 18 for holding water, a plurality of
jets 20, one or more water pumps 11 & 12, a set of drains 22, a heating module 14 and a control system 33. In normal
operation, water flows from the water receptacle 18, through a drain 22 and is pumped by water pump 12 through the
heating module 14 where the water is heated. The heated water then leaves the heating module 14 and re-enters the
water receptacle 18 through jets 20. This cycle of water leaving the water receptacle 18 through drain 22, passing
through the heating module 14 and re-entering the water receptacle 18 through the jets 20 is repeated while water
pump 12 is activated.

[0019] In addition, in normal use, the water also passes through a cycle wherein the water flows from the water
receptacle 18, through a different drain 22 and is pumped by water pump 11 through a filter 26. After having been
Uttered, the water then re-enters the water receptacle through different jets 20. This cycle of water leaving the water
receptacle 18 through drain 22, passing through the filter 26 and re-entering the water receptacle 18 through the jets
20 can be repeated on a continual basis, in order to keep the water clean from particulate impurities

[0020] Optionally, in a non-limiting embodiment, the bathing unit system 10 can also include an air blower 24 for
delivering air bubbles to the water receptacle 18, a light system 28 and any other device suitable for use in connection
with a bathing unit.

[0021] The control system 33 is operative for controlling the various components of the bathing unit system 10. In
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the non-limiting example of implementation shown in Figure 1, the control system 33 includes a control panel 32, a
bathing unit controller 30, a temperature control system 36, a plurality of sensors including a water level sensor 34,
water temperature sensors 35, 37, and a plurality of actuators 91 through 93, and 95. As will be described in more
detail below, the water level sensor 34 can be a capacitive water level sensor. A more detailed description of a capacitive
water level sensor can be found in copending U.S. Patent Application 10/651,949 the contents of which are incorporated
herein by reference.

[0022] The control panel 32 is typically in the form of a user interface for allowing a user to control various operational
settings of the bathing unit. Some non-limiting examples of operational settings of the bathing unit include a temperature
control setting, jet control settings and light control settings.

[0023] For the purpose of clarity, the bathing unit controller 30 and the temperature control system 36 are shown as
separate components that are each able to control operational settings of the components of the bathing unit system
10. It will be appreciated that the functionality of the temperature control system 36 and the bathing unit controller 30
may be partially or fully integrated with one another without detracting from the spirit of the invention. For example,
practical implementations of the invention may have either separate physical components for the bathing unit controller
30 and the temperature control system 36, or a same component where the functionality of the temperature control
system 36 and bathing unit controller 30 are integrated.

Controlling the Heating Module 14

[0024] Referring now to Figure 2, the temperature control system 36 and the heating module 14, are shown in greater
detail. The heating module 14 includes a body 38 defining a passage through which water can flow, and an electric
heating element 16 to transfer heat to the water flowing through the passage. The heating element 16 is powered by
a suitable power source 17 such as a standard household electric circuit. It is to be understood that the water flow
passage and heating element 16 can take various respective configurations without departing from the spirit and scope
of the present invention. Also, the present invention could be adapted to a heating module 14 including other types of
heating elements, such as a gas heater. In an alternative implementation, the heating element 16 includes heating
surface components positioned on the outer and/or inner surfaces of the body .38 of the heating module and which
are adapted to heat the water as it flows through the passage.

[0025] The body 38 of the heating module 14 can be formed of a conductive material or an electrically non-conductive
material. In the case where the heating module 14 is in communication with a capacitive water level sensor, the body
38 of the heating module 14 includes an electrically non-conductive portion 40 having an inner surface 43 and an outer
surface 45. The expression "electrically non-conductive material" refers to a class of materials having substantially low
electrical conductivity properties such as plastics, elastomers, ceramics, and selected composite materials. Moreover,
the body 38 of the heating module 14 may include a plurality of electrically non-conductive portions, or may be made
entirely of such electrically non-conductive materials. In a specific practical implementation, the body 38 of the heating
module also comprises one or more conductive parts for providing an electrical path between the water in the heating
module 14 and ground.

[0026] The temperature control system 36 includes a temperature regulation device 40 and a regulation backup
device 44, that are both in communication with a temperature sensor 35 located within the circulation piping between
the heating module 14 and the water receptacle 18. In addition, the temperature control system 36 includes a high limit
device 42 that is in communication with a different temperature sensor 37. The fact that the temperature sensor 37 is
different than the temperature sensor 35, provides an additional security feature required by the UL standard, In the
non-limiting embodiment shown in Figures 1 and 2, the temperature sensors 35 and 37 are located in the circulation
piping just beyond the heating module 14. It should, however, be understood that the temperature sensors 35 and 37
can be positioned in other locations within the circulation piping, or within the heating module 14, without detracting
from the spirit of the invention.

[0027] In addition, the temperature control system 36 includes three actuators 91, 92 and 93 that are associated
with the heating module 14 and that are operative for causing the heating module 14 to acquire one of a heating state
and a non-heating state. Each of the temperature regulation device 40, the high limit device 42 and the regulation
backup device 44 are operative for controlling at least one of the actuators 91, 92 and 93. As shown, the temperature
regulation device 40 is operative for controlling actuators 91 and 92 for causing the heating module 14 to acquire one
of the heating state and the non-heating state. Some non-limiting examples of actuators suitable for being controlled
by the temperature regulation device 40 include relays, switches and/or solid state devices, such as TRIACS, MOSFETs
etc.

[0028] As will be described in more detail below, in normal operation it is the temperature regulation device 40 that
is operative for maintaining the water temperature in the water receptacle 18 within a certain temperature range asso-
ciated to a desired water temperature. The desired water temperature can be a predefined temperature that is stored
in a memory of the temperature regulation device 40, or alternatively, the desired water temperature can be a temper-
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ature entered by a bather via the control panel 32. In the case where the desired water temperature is entered by a
bather, it is stored in a memory unit of the bathing unit controller 30 and transmitted to the temperature regulation
device 40, upon request. Preferably, the desired water temperature is between 38 and 41°C. Generally, the certain
temperature range associated with the desired water temperature is referred to as the set point range, and is within a
few degrees of the desired water temperature, For example, the certain temperature range may be + 1°C from the
desired water temperature. For the sake of example, let us assume that a bather entered the desired temperature of
40°C As such, the certain temperature range might be from 39°C to 41 °C.

[0029] Since it is the temperature regulation device 40 that is responsible for maintaining the water temperature
within the certain temperature range during normal operation, the high limit device 42 and the regulation backup device
44 are hardly ever used. Instead, the high limit device 42 and the regulation backup device 44 act as backup safety
devices that are enabled when the temperature regulation device 40, or the actuators 91 and 92 that are controlled by
the temperature regulation device 40, cease to function properly. As such, the high limit device 42 and the regulation
backup device 44 ensure that the water temperature in the water receptacle 18 remains at a safe temperature in the
case of a malfunction of either the temperature regulation device 40 or the actuators 91 and 92. The functionality of
the high limit device 42 and the regulation backup device 44 will be described in more detail further on in the specifi-
cation.

[0030] As mentioned above, the temperature regulation device 40 is operative for controlling a plurality of actuators
91 and 92 in order to cause the heating module 14 to acquire one of a heating state and a non-heating state. When
the water in the water receptacle 18 reaches the lower limit of the certain temperature range, the temperature regulation
device 40 controls the plurality of actuators so as to cause the heating module 14 to acquire a heating state. Conversely,
when the water in the water receptacle 18 reaches the upper limit of the certain temperature range, the temperature
regulation device 40 controls the plurality of actuators so as to cause the heating module 14 to acquire a non-heating
state. In this manner, the temperature regulation device 40 is able to keep the water temperature within the certain
temperature range associated to the desired water temperature.

[0031] Shown in Figure 3 is a circuit diagram of the temperature control system 36 in accordance with a non-limiting
embodiment of the present invention. The temperature regulation device 40 is operative for controlling the plurality of
the actuators 91 and 92 for causing the heating module 14 to acquire one of the heating state and the non-heating
state. More specifically, when the water temperature in the water receptacle 18 has reached the lower limit of the certain
temperature range, the temperature regulation device 40 is operative for controlling the plurality of actuators 91 and
92 for causing the heating module 14 to acquire a heating state, and when the water temperature in the water receptacle
18 has reached the upper limit of the certain temperature range, the temperature regulation device 40 is operative for
controlling the plurality of actuators 91 and 92 for causing the heating module 14 to acquire a non-heating state.
[0032] In the non-limiting embodiment shown in Figure 3, the actuators 91, 92 and 93 are relays and are connected
in series. As such, when all three relays are closed, the heating module 14 is in a heating state and when one or more
of the relays is open, the heating module 14 is in a non-heating state. During normal operation of the temperature
regulation device 40, the actuator 93, which is operative to be controlled by the high limit device 42 and the regulation
backup device 44 is generally closed. As such, it is the actuators 91 and 92 that are operative for acquiring various
positions for causing the heating module to acquire one of the heating state and the non-heating state. More specifically,
the plurality of actuators 91 and 92 are operative to acquire a first set of actuation patterns for causing the heating
module to be in a non-heating state and a second set of actuation patterns for causing the heating module 14 to be in
a heating state. The first set of actuation patterns can include at least two configurations for causing the heating module
14 to be in a non-heating state. For example, a first configuration could be when the actuator 91 is open and the actuator
92 is closed, and a second configuration could be when the actuator 91 is closed and the actuator 92 is open. The
second set of actuation patterns includes at least one configuration for causing the heating module 14 to be in a heating
state. For example, a configuration could be when both the actuator 91 and the actuator 92 are closed.

[0033] Since the temperature regulation device 40 is operative to control both actuators 91 and 92, by alternately
opening actuators 91 and 92, to cause the non-heating state to be acquired, each of the actuators will be used half
the amount of time, as compared to the case where the temperature regulation device 40 only controls one actuator
for causing the heating module to acquire the non-heating state. As such, the lifetime of the two actuators 91 and 92
is effectively doubled.

[0034] Although Figure 3 shows only three actuators 91, 92 and 93 associated to the heating module 14, and only
two actuators that are able to be controlled by the temperature regulation device 40, it should be understood that more
than three actuators can be associated to the heating module 14, and that more than two actuators can be controlled
by the temperature regulation device 40, without departing from the spirit of the invention.

[0035] For example, in the case where there are N actuators associated to the heating module 14, each actuator is
used 1/N of the time, assuming that the temperature regulation device 40 controls the N actuators such that they are
used an equal amount of the time.

[0036] A non-limiting example of a process used by the temperature regulation device 40 for regulating the water
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temperature in the receptacle will now be described in more detail with respect to the flow chart shown in Figure 4.
Firstly, at step 52 the temperature regulation device 40 causes the heating module 14 to acquire a heating state. This
can take place automatically upon powering up the temperature regulation device 40. At step 54, once the heating
module 14 has been activated, the temperature regulation device 40 processes signals received from the temperature
sensor 35 conveying the water temperature, at least in part on the basis of a desired water temperature. More specif-
ically, the temperature regulation device 40 processes the signal indicative of the water temperature to determine if it
has reached an upper limit of a certain temperature range associated to the desired temperature. Determining whether
the water temperature has reached the upper limit of the certain temperature range can be performed in a variety of
manners. In a first non-limiting example, the temperature regulation device 40 can determine whether the water tem-
perature has reached the upper limit of the certain temperature range when the water temperature is equivalent to or
greater than the temperature value of the upper limit of the temperature range. In keeping with the example described
above, in the case where the temperature range is between 39 and 41 °C, with the desired temperature being 40°C,
the temperature regulation device 40 will determine that the water temperature has reached the upper limit of the
certain temperature range, when the water temperature reading is indicative that the water temperature is 41°C or
greater. In a second non-limiting embodiment, the temperature regulation device 40 can determine that the water
temperature has reached the upper limit of the certain temperature range when the water temperature exceeds the
desired temperature. As such, when the water temperature reading conveys a water temperature above 40°C the
temperature regulation device 40 will determine that the water temperature has reached the upper limit of the certain
temperature range.

[0037] Atstep 56, once the signal received from the temperature sensor 35 indicates that the water temperature has
reached an upper limit of the certain temperature range, the temperature regulation device 40 selects a configuration
for the plurality of actuators 91 and 92 from the first set of actuation patterns As described above, the configurations
in the first set of actuation patterns are adapted for causing the heating module to acquire a non-heating state.
[0038] It should be appreciated that there are a variety of ways for the temperature regulation device 40 to select a
configuration from the first set of actuation patterns for causing the heating module to acquire a non-heating state. For
example, the temperature regulation device 40 can select a configuration from the first set of actuation patterns on the
basis of a pointer in a data structure containing the set of possible configurations The pointer serves as an indication
of which one of the configurations in the set to use next. The set of actuation patterns may be organized in any suitable
data structure, such as a circular buffer data structure, for example. This buffer is used with a pointer indicating the
next configuration to be used. With the circular buffer, every time a configuration is selected, the pointer is displaced
to the next configuration in the circular buffer, such that the configurations are used in a sequential order.

[0039] In an alternative embodiment, the temperature regulation device 40 can select a configuration from the first
set of actuation patterns contained in a data structure on the basis of a predetermined pattern. The predetermined
pattern may use all the configurations in the first set of actuation patterns uniformly, or the predetermined pattern may
use some actuators more often than others. For example, the pattern may cause a configuration A to be used 75% of
the time, a configuration B to be used 20% of the time, and a configuration C to be used 5% of the time.

[0040] In yet another alternative embodiment, the temperature regulation device 40 can select a configuration from
the set of actuation patterns randomly. The random selection can be generated by a pseudo-random number generator,
for example. Pseudo-random number generators are known in the art, and as such will not be described in more detail
herein..

[0041] At step 58, once the temperature regulation device 40 has selected a configuration from the first set of actu-
ation patterns, the temperature regulation device 40 derives a control signal for causing the actuators to acquire the
selected configuration. As such, at step 58 the heating module 14 is caused to acquire the non-heating state. In this
fashion, the heating module 14 is disabled (or turned "OFF").

[0042] At step 60, once the heating module 14 is in the non-heating state, the temperature regulation device 40
receives a signal conveying the water temperature from the temperature sensor 35 and processes the signal at least
in part on the basis of a desired temperature More specifically, the temperature regulation module 40 processes the
signal indicative of the water temperature to determine if it has reached or fallen below a lower limit of a certain tem-
perature range associated to the desired temperature Determining whether the water temperature has reached or
fallen below the lower limit of the certain temperature range can be performed in a variety of manners, similar to those
described above with respect to determining whether the water temperature has reached an upper limit of the certain
temperature range.

[0043] At step 62, once the signal received from the temperature sensor 35 is indicative that the water temperature
has reached or fallen below a lower limit of a certain temperature range, the temperature regulation device 40 selects
a configuration for the plurality of actuators 91 and 92 from the second set of actuation patterns, As mentioned above,
the configurations in the second set of actuation patterns are adapted for causing the heating module to acquire a
heating state. The selection from the second set of actuation patterns may be effected in a manner similar to the
selection for the first set of actuation patterns.
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[0044] Once the temperature regulation device 40 has selected a configuration from the second set of actuation
patterns, the temperature regulation device 40 derives a control signal for causing the actuators to acquire the selected
configuration, and the temperature regulation device 40 returns to step 52, wherein the heating module 14 is caused
to acquire the heating state. In this fashion, the process returns to step 52 wherein the heating module 14 is activated
(or turned "ON").

[0045] Based on the above description of the process used by the temperature regulation device 40 to regulate the
water temperature, it should be noticed that when the heating module 14 is in the heating state, the temperature
regulation device 40 monitors the temperature of the water such that when the water temperature approaches or
exceeds the upper limit of a certain temperature range, the heating module 14 is caused to acquire a non-heating
state. Likewise, when the heating module 14 is in the non-healing state, the temperature regulation device 40 monitors
the temperature of the water such that when the water temperature approaches or falls below the lower limit of the
certain temperature range, the heating module is caused to acquire a heating state. This can best be shown with
reference to Figure 5a, which depicts in graphical form the normal operation of the temperature regulation device 40.
[0046] With reference to the graph shown in Figure 5a, dashed line 72 represents the upper limit of a certain tem-
perature range associated to the desired temperature, and dashed line 74 represents the lower limit of the certain
temperature range. In addition, line 76 represents a control signal relating to the activation and the de-activation of
actuator 91, line 78 represents a control signal relating to the activation and the de-activation of actuator 92 and line
80 represents the state of the heating module 14, namely whether the heating module is in a heating state or a non-
heating state As indicated in the legend positioned next to Figures 5A, 5B and 5C, when lines 76, 78 and 80 are in the
up position, it means that the component is in the activated state As such, for lines 76 and 78 the "up" position means
that the respective actuators 91 and 92 receives a control signal for being activated and for line 80, the "up" position
means that the healing module 14 is in the heating state.

[0047] It should be understood that in the non-limiting embodiment described herein with respect to Figures 5A-5C,
the default position for the actuators 91 and 92 is in the closed position, such that when the actuators 91 and 92 are
in the default position, the heating module 14 is in the heating state. As such, when the actuators are deactivated, they
are in the closed position. When the actuators are activated, they move into the open position, which causes the heating
module 14 to be in the non-heating state.

[0048] In an alternative non-limiting embodiment, the default position for the actuators 91 and 92 could be in the
open position, such that when the actuators 91 and 92 are in the default position, the heating module 14 is in the non-
heating state. In such an embodiment, when the actuators 91 and 92 are activated, the actuators move into the closed
position, wherein the heating module is in the heating state. Conversely, when one or more of the actuators 91 and 92
is deactivated, that actuator is in the default open position and the heating module 14 is in the non-heating state.
[0049] Referring back to Figure 5A, in position A, both actuators 91 and 92 are in the closed position, as shown by
lines 76 and 78, and as such the heating module 14 is in the heating state, as shown by line 80. At position B, the
temperature regulation device 40 detects on the basis of a signal from the temperature sensor 35, that the water
temperature has reached or exceeded the upper limit of the temperature range. Accordingly, and as indicated by lines
76 and 78, the temperature regulation device 40 selects a configuration for the plurality of actuators 91 and 92 from
the first set of actuation patterns In the non-limiting example shown, the configuration selected involves the actuator
91 being activated (or opened). As indicated by line 80, the fact that actuator 91 is opened causes the heating module
14 to be in a non-heating state, which in turn causes the water in the water receptacle 18 to cool down in the absence
of a source of heat.

[0050] At position C, the temperature regulation device 40 detects on the basis of signal from the temperature sensor
35, that the water temperature has reached or fallen below the lower limit of the temperature range. Accordingly, and
as indicated by lines 76 and 78, the temperature regulation device 40 selects a configuration for the plurality of actuators
91 and 92 from the second set of actuation patterns. In the non-limiting example shown, the configuration selected
involves both actuators 91 and 92 being in their closed position. As indicated by line 80, the fact that actuators 91 and
92 are in their closed position causes the heating module 14 to be in a heating state, which in turn causes the water
in the water receptacle 18 to start to heat up.

[0051] At position D, the temperature regulation device 40 once again detects on the basis of a signal from the
temperature sensor 35, that the water temperature has reached or exceeded the upper limit of the temperature range.
Accordingly, the temperature regulation device 40 selects a configuration for the plurality of actuators 91 and 92 from
the first set of actuation patterns. However, this time, as indicated by lines 76 and 78, the configuration selected by the
temperature regulation device 40 involves the actuator 92 being opened. As such, the fact that actuator 92 is opened
causes the heating module 14 to be in a non-heating state, which in turn causes the water in the water receptacle 18
to cool down.

[0052] At position E, the temperature regulation device 40 determines once again that the water temperature has
reached the lower limit of the temperature range, and selects a configuration for the actuators 91 and 92 for causing
the heating module 14 to acquire the heating state. The process described with respect to positions A through E is
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then continually repeated in order to maintain the water temperature within the certain temperature range.

[0053] Asdescribed above, the temperature control system 36 includes a high-limit device 42 and a regulation backup
device 44 that are adapted for causing the heating module 14 to acquire the non-heating state upon detection of a
malfunction of the temperature regulation device 40, or upon detection of a malfunction of one of the plurality of actuators
91 and 92 controlled by the temperature regulation device 40. As shown in the non-limiting implementation of Figure
3, the regulation backup device 44 is operative for controlling all of actuators 91, 92 and 93, and the regulation back-
up device is operative for controlling actuator 93. As such, both of the high-limit device 42 and the regulation backup
device 44 are adapted for causing the heating module 14 to acquire a non-heating state, in the case where the tem-
perature regulation device 40 malfunctions.

[0054] The regulation backup device 44 is operative for ensuring that the water temperature in the water receptacle
18 does not exceed afirst threshold above the certain temperature range. As such, when the water temperature reaches
the first threshold above the certain temperature range, the regulation backup device opens at least one of the actuators
91, 92 and 93, for causing the heating module 14 to acquire the non-heating state. In the non-limiting example of
implementation that will be described herein, the regulation backup device 44 is operative for ensuring that the water
temperature in the water receptacle 18 does not exceed a first threshold value of 42°C.

[0055] The high limit device 42 is operative for ensuring that the water temperature in the water receptacle 18 does
not exceed a second threshold temperature that is above the first threshold temperature Once the water temperature
reaches or exceeds the second threshold temperature, the high limit device 42 activates at least one of the actuators
91, 92 and 93, for causing the heating module 14 to acquire the non-heating state. In the non-limiting example of
implementation that will be described herein, the high limit device 42 is operative for ensuring that the water temperature
in the water receptacle 18 does not exceed a value of 50°C.

[0056] It should be noted that at least one of the regulation backup device 44 and the high limit device 42 is operative
to control at least one actuator that is distinct from the plurality of actuators that are adapted for being controlled by
the temperature regulation device 40. In the non-limiting embodiment shown in Figure 2, both the regulation backup
device 44 and the high-limit device 42 are operative for controlling actuator 93, which is distinct from the plurality of
actuators 91 and 92 adapted for being controlled by the temperature regulation device 40. In the non-limiting example
shown in Figures 2 and 3, the regulation backup device 44 is operative for controlling, and causing the deactivation of
all actuators 91, 92 and 93, in the case of a problem with the temperature regulation device 40.

[0057] Shown in Figure 5B is a graphical depiction of the operation of the temperature control system 36 when
actuator 91 fails to open. The dashed line 82 represents the temperature value at which the regulation backup device
44 causes the heating module 14 to acquire the non-heating state. The dashed lines 84 and 86 represent the upper
limit and lower limit respectively, of a certain temperature range associated to the desired temperature. Line 88 repre-
sents a control signal for causing the activation and deactivation of actuator 91, line 90 represents a control signal for
causing the activation and deactivation of actuator 92 and line 97 represents the state of the heating module 14. Finally,
line 94 represents when the temperature control system 36 is in a state of failure.

[0058] In position A, both actuators 91 and 92 are in the default closed position, as shown by lines 88 and 90, and
as such the heating module 14 is in the heating state, as shown by line 97 At position B, the temperature regulation
device 40 detects on the basis of a signal from the temperature sensor 35, that the water temperature has reached or
exceeded the upper limit of the temperature range. Accordingly, and as indicated by lines 88 and 90, the temperature
regulation device 40 selects a configuration for the plurality of actuators 91 and 92 from the first set of actuation patterns
In the non-limiting example shown, the configuration selected involves the actuator 91 being open and actuator 92
being closed, Although the temperature regulation device 40 has issued a control signal for causing the activation of
actuator 91, meaning that it should acquire the open configuration, as indicated by line 97, the heating module 14 is
still in a heating state, This means that although the temperature regulation device 40 has sent a signal to actuator 91
that it should open, the actuator 91, or the circuit of the actuator, has malfunctioned, and not opened. As such, the
water in the water receptacle 18 continues to heat up, thereby exceeding the upper limit of the temperature range
associated to the desired temperature.

[0059] At position C, the regulation backup device 44 detects on the basis of a signal from the temperature sensor
35, that the water temperature has reached or exceeded the value of 42°C. It is at position C that the temperature
regulation device 40 determines that there has been a failure, as shown by line 94. In response, the regulation backup
device 44 derives a control signal for causing the actuators 91, 92 and 93 to acquire a configuration for causing the
heating module 14 to acquire a non-heating state.

[0060] Accordingly, and as indicated by line 90, the regulation backup device 44, upon determining that actuator 91
may be defective, causes one of the remaining actuators 92 and 93 to be opened, thereby causing the heating module
14 to acquire the non-heating state.. In the non-limiting example shown, the configuration selected involves actuator
92 being opened.. As indicated by line 97, the fact that actuator 92 is activated, and therefore open, causes the heating
module 14 to be in a non-heating state, which in turn causes the water in the water receptacle 18 to start to cool down.
[0061] At position D, the temperature regulation device 40 detects on the basis of a signal from the temperature
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sensor .35, that the water temperature has reached or fallen below the lower limit of the certain temperature range
Accordingly, the temperature regulation device 40 causes actuator 92 to be closed, such that the heating module 14
acquires the heating state In this manner, the water in the water receptacle 18 starts to heat up. Since the temperature
regulation device 40 has been informed that actuator 91 has failed, and is unable to open, the temperature regulation
device 40 is able to regain control of maintaining the water temperature within the certain temperature range by using
only actuator 92.

[0062] Shown in Figure 5C is a graphical depiction of the operation of the temperature control system 36 when both
actuators 91 and 92 continue to operate properly, but the temperature regulation device 40 itself malfunctions, The
dashed line 96 represents the temperature value at which the regulation backup device 44 causes the heating module
14 to acquire the non-heating state. The dashed lines 98 and 100 represent the upper limit and lower limit, respectively,
of a certain temperature range associated to the desired temperature. In addition, line 102 represents a control signal
for causing the activation and de-activation of actuator 91, line 104 represents a control signal for causing the activation
and deactivation of actuator 92, and line 106 represents the state of heating module 14. Finally, line 108 represents
when the temperature control system 10 is in a state of failure.

[0063] In position A, both actuators 91 and 92 are in the closed position, as shown by lines 102 and 104, and as
such the heating module 14 is in the heating state, as shown by line 106. At position B, the temperature regulation
device 40 detects on the basis of a signal from the temperature sensor 35, that the water temperature has reached or
exceeded the upper limit of the certain temperature range. Accordingly, and as indicated by lines 102 and 104, the
temperature regulation device 40 selects a configuration for the plurality of actuators 91 and 92 from the first set of
actuation patterns. In the non-limiting example shown, the configuration selected involves the actuator 91 being opened,
thereby causing the heating module 14 to be in a non-heating state, as indicated by line 106. As such, the water in the
water receptacle 18 starts to cool down in the absence of a heat source.

[0064] At position C, the temperature regulation device 40 malfunctions and ceases to issue a control signal for
causing the activation of actuator 91. Accordingly, the actuator 91 returns to its default position wherein the heating
module 14 acquires the heating state, as shown by line 106. As such, the water in the water receptacle 18 begins to
heat up.

[0065] At position D, the temperature regulation device 40 detects, on the basis of a signal from the temperature
sensor 35, that the water temperature has reached or exceeded the upper limit of the temperature range. However,
since the temperature regulation device 40 is malfunctioning, the temperature regulation device 40 either does not
receive the signal from the temperature sensor 35, or is unable to process the signal in order to derive a control signal
for causing the heating module 14 to acquire the non-heating state. As such, the heating module 14 remains in the
heating state, as indicated by line 106, and the water temperature continues to heat up.

[0066] At position E, the regulation backup device 44, on the basis of a signal from the temperature sensor 35,
detects that the water temperature has reached or exceeded the value of 42°C. It is at this point that the regulation
backup device 44 derives a control signal for causing the actuators to acquire a configuration for causing the heating
module 14 to acquire a non-heating state In addition, as indicated by line 108, it is at this point that the temperature
control system 36 determines that there has been a failure, as shown by line 108.

[0067] Furthermore, at position E, the regulation backup device 44 causes the actuator 93 to be opened, thereby
causing the heating module 14 to acquire the non-heating state. As indicated by line 106, the fact that actuator 93 is
activated, and therefore open, causes the heating module 14 to be in a non-heating state, which in turn causes the
water in the water receptacle 18 to cool down.

[0068] It should be understood that in the cases described above with respect to Figures 5B and 5C that upon
detection of a failure of the temperature control system 36, the failure can be communicated to a bather via a visual
or audio signal For example, the visual indication may be provided to a user via a console, or control panel, the bathing
unit controller 30 or any other manner known in the art. In this manner, the temperature control system 36 can provide
diagnostic information to the bather indicative of when and where the failure occurred.

[0069] In the description provided above, the temperature regulation device 40 has been described as processing
the signal received from the temperature sensor 35 at least in part on the basis of a desired water temperature in order
to derive a control signal for controlling the plurality of actuators 91 and 92, It should, however, be understood that in
an alternative embodiment, the temperature regulation device 40 includes programming logic adapted for processing
the signal received from the temperature sensor 35 in combination with other parameters as well. For example, in the
non-limiting embodiment shown in Figure 2, the temperature regulation device 40 is also in communication with the
water level sensor 34, The water level sensor 34 can be any type of water level sensor for obtaining a reading of the
water level in the heating module 14 In a non-limiting embodiment, the water level sensor 34 is a capacitive water level
sensor 34 adapted for obtaining a capacitance measurement associated to a level of water in the heating module 14.
[0070] As such, inanon-limiting embodiment, the temperature regulation device 40 is operative for deriving a second
control signal at least in part on the basis of the capacitance measurement associated to a level of water in the heating
module 14 and controlling the plurality of actuators at least in part on the basis of that second control signal. For
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example, if the capacitance measurement is indicative that there is a low level of water in the heating module 14 then
the temperature regulation device 40 may derive a control signal for causing the heating module to either acquire the
non-heating state or remain in the non-heating state, so as not to cause damage to any of the components of the
heating module 14.

[0071] In the non-limiting embodiment wherein the actuator used by the temperature regulation device 40 to control
the heating module 14 is a solid state device, the solid state device must be sufficiently cooled in order to maintain its
operating properties Cooling of a solid state device is typically achieved through the use of a heat sink. In a specific
implementation, the water in the bathing unit is used for providing a heat sink to cool the solid state device. In a specific
non-limiting implementation, the body 38 of the heating module 14, or a portion of the piping through which the water
circulates, includes a thermally conductive portion 41 on which is mounted the solid state device. This thermally con-
ductive portion provides a thermal coupling between the solid state device and the water such that the solid state
device is cooled by the water circulating through the heating module 14 or piping. In the non-limiting embodiment
shown in Figure 10, the thermally conductive portion 41 extends from the inner surface 43 of the body 38, to the outer
surface 45 of the body 38, such that it is in contact with the water within the heating module 14. More specifically, the
solid state device 47 is mounted to the outer surface 45 of the body 38, such that it is in contact with the thermally
conductive portion 41 of the heating module 14. As such, the thermally conductive portion 41 of the heating module
14 and the water contained therein act as a heat sink for the solid state device 47, and causes the solid state device
47 to be cooled by the temperature of the water As such, the thermally conductive portion 41 keeps the solid state
device 47 cool during use It should be understood that the solid state device 47 can be mounted to the outer surface
45 of the heating module 14, such that it is in contact with the thermally conductive portion 41, in any manner known
in the art, such as by adhesive or mechanical fasteners, such as compression brackets, for example. In a non-limiting
example of implementation, the solid state device 47 is mounted to the outer surface 45 of the heating module 14 by
one or more compression brackets.

[0072] Controlling the heating module 14 via a solid state device 41 provides a benefit of being able to control the
amount of power supplied to the heating module 14, and as such the amount of energy generated by the heating
module 14. Therefore, once the water temperature in the bathing unit has reached a desired temperature, the solid
state device 41 can reduce the amount of energy generated by the heating module 14 in order to maintain the water
temperature at the desired temperature. This is because less energy is required from the heating module 14 to keep
the water at the desired temperature, than to heat the water from a low temperature up to the desired temperature.
For example, the properties of the solid state device 41 may be used for activating the heating module 14 a fraction
of the time such that the heating module 14 is used at 30% capacity, 50% capacity or 75 % capacity, as desired.
[0073] Furthermore, by being able to control the power in the heating element 16 the overall power per square inch
applied to the heating element 16 can be decreased, which will generally tend to increase the life span of the heating
element., In a non-limiting embodiment of the present invention, wherein the solid state device is a TRIAC, the tem-
perature regulation device 40 can control the amount of energy generated by the heating module 14 by controlling the
TRIAC such that it is not in continuous operation. More specifically, the temperature regulation device 40 can send a
pulse delay to trigger the TRIAC. The TRIAC can be triggered at any time during a 60Hz (or 50Hz) cycle to reduce the
energy sent to the heating module 14. Alternatively, the TRIAC can skip a cycle by being triggered only every second,
third or fourth 60Hz cycle. By reducing the power supplied to the heating module 14, the lifetime of the electric element
16 can be lengthened.

[0074] This also applies to other suitable solid state devices that may be used. Such devices include, without being
limited to: TRIACs, SCRs, FETs, IGBTs, MOSFETSs, JFETs and BJT (bipolar junction transistors).

[0075] A further feature of controlling the heating module 14 via a solid state device 41 is that the solid state device
41 can be used such as to reduced current usage when less current is available. An example will better illustrate this
feature. For example, in the case where a plurality of components of the bathing unit system 10 are being used, such
as the air blower, the lights and the pump, such that the maximum amount of current available at the power source is
close to being exceeded, the temperature regulation device 40 can alter the amount of current applied to the solid state
device 41, such that the total amount ofcurrent available is not exceeded, As such, in the case where there is a reduced
amount of current available, the heating module 14 does not need to be shut off altogether, since the amount of current
applied to the solid state device 41 can be reduced. As such, even when the amount of current available is reduced,
due to the fact that many components of the bathing unit system 10 are in operation, the heating element 16 is still
able to provide a bit of heat to the water in the bathing unit In addition, by activating the heating module by 30% of a
60Hz cycle, less current is being used by the heating module, Consequently, where operating a heating module at full
capacity (100%) would have required a certain amount of current, say 16 Amps, by using the solid state device to
reduce the activating time of the heating module to 30% a lesser amount of current is required. When the current
available to the bathing system is limited, this allows for the heating module to remain in operation even when less
that 5 Amps is available.
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Controlling the Water Pump 12

[0076] Referring back to Figure 2, the temperature regulation device 40 is in communication with a water pump 12
and is operable for activating and deactivating the water pump 12. More specifically, the temperature regulation device
40 is operative for controlling an actuator 95 for causing the water pump 12 to be activated and deactivated.. As
described above, some non-limiting examples of actuators include relays, switches and TRIAC's. In the non-limiting
embodiment described herein, the actuator 95 is in the form of relay.

[0077] When activated, the water pump 12 is operative to circulate the water between the water receptacle 18 and
the heating module 14 through the circulation pipes. A first reason for circulating water between the water receptacle
18 and the heating module 14 is to cause the water from the water receptacle 18 to pass through the heating module
14 when the heating module 14 is in the heating state, so as to cause the water to be heated. A second reason for
circulating the water is to attain a uniform water temperature in the water receptacle 18 and the heating module 14, in
order to be able to obtain water temperature measurements that reflect the water temperature in the water receptacle
18. Often, once the water pump 12 has been de-active for a period of time, the water in the circulation piping and the
heating module 14 will be at a different temperature than the water in the water receptacle 18. This could be because
the water receptacle 18 is positioned in direct sunlight and the circulation piping and the heating module 14 are posi-
tioned under the water receptacle 18 in the shade Since the temperature sensor 35 is in the circulation piping, it is
desirable to circulate the water between the water receptacle 18 and the heating module 14 for a period of time prior
to taking a temperature reading so as to ensure that the water temperature in the circulation piping and the water
receptacle 18 is uniform.

[0078] Inorderto extend the lifetime of the water pump 12, and the actuator 95, and to reduce the power consumption
of the bathing unit, it is desirable that the water pump 12 be deactivated when the heating module 14 is in the non-
heating state. In addition, in order to avoid activating the water pump 12 too frequently, which decreases the lifespan
of the water pump 12 and the actuator, it is desirable to optimize the delay time during which the water pump 12 is de-
activated, such that the water pump 12 is deactivated for as long as possible without allowing the water temperature
in the water receptacle 18 to decrease below the lower limit of the certain temperature range.

[0079] In accordance with a broad aspect, the process used by the temperature regulation device 40 includes inter-
mittently causing activation of the water pump 12 to cause water to circulate between the water receptacle 18 and the
heating module 14, wherein the reactivation of the water pump 12 occurs after a certain delay time from the deactivation
of the water pump 12, and modifying the certain delay time at least in part on the basis of temperature measurements
of the water taken between successive activations of the water pump 12.

[0080] Shown in Figure 6 is a non-limiting example of a process used by the temperature regulation device 40 for
adjusting a delay time during which the water pump 12 should be de-activated. At step 110, the temperature regulation
device 40 sets an initial delay time between the deactivation of the water pump 12 and a subsequent re-activation of
the water pump 12. In a non-limiting embodiment, the initial delay time can be set at any time period, such as 30
minutes, for example. This initial delay time can either be a value stored in the memory of the temperature regulation
system, such that each time the bathing unit system 10 is activated, the initial time delay will be the predetermined
value (of say 30 minutes), or alternatively, the initial delay time can be entered by a bather via the control panel 32, or
can be based on the last delay time used during the last use of the bathing unit.

[0081] Atstep 112, once the initial time delay has been set, the temperature regulation device 40 controls the actuator
95, shown in Figure 2, for causing the water pump 12 to be activated. It should also be understood that in an alternative
embodiment, it could be the bathing unit controller 30 that controls the actuator 95 Once the actuator causes the water
pump 12 to be activated, water from the water receptacle 18 begins to circulate through the circulation piping and the
heating module 14, which causes the water temperature within these components to become uniform At step 114,
once the water temperature has stabilized and become uniform, the temperature regulation device 40 processes a
signal from the temperature sensor 35 indicative of the temperature of the water.

[0082] At step 116, the temperature regulation device 40 adjusts the delay time between a deactivation of the water
pump 12, and a subsequent reactivation of the water pump 12. The first time the temperature regulation device 40
performs step 116, the temperature regulation device 40 will simply set the new delay time to be equivalent to the initial
delay time that was established at step 110, as described above.

[0083] At step 118, once the temperature regulation device 40 has derived the new delay time, the temperature
regulation device 40 processes the signal received from the temperature sensor 35 at step 114, in order to determine
whether the water temperature is below the upper limit of the certain temperature range. Determining whether the
water temperature is below the upper limit of the certain temperature range can be performed in a variety of manners.
In a first non-limiting example, the temperature regulation device 40 can determine that the water temperature is below
the upper limit of the certain temperature range, when the water temperature is below the temperature value of the
upper limit of the temperature range. In keeping with the example described above, in the case where the temperature
range is between 39 and 41°C, with the desired temperature being 40°C, the temperature regulation device 40 will
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determine that the water temperature is below the upper limit of the certain temperature range, when the water tem-
perature reading is indicative that the water temperature is below 41 °C. In a second non-limiting embodiment, the
temperature regulation device 40 can determine that the water temperature is below the upper limit of the certain
temperature range, when the water temperature falls below the desired temperature. As such, when the water tem-
perature reading is indicative that the water temperature is anywhere below 40°C the temperature regulation device
40 will determine that the water temperature is below the upper limit of the certain temperature range.

[0084] In the case where the water temperature has fallen below the upper limit of the certain temperature range,
the temperature regulation device 40 proceeds to step 124 where the heating module 14 is caused to acquire the
heating state. At step 126, the temperature regulation device 40 receives signals from the temperature sensor 35
indicative of the water temperature. The temperature regulation device 40 processes these signals in order to determine
whether the water temperature has reached or exceeded the upper limit of the certain temperature range. Determining
whether the water temperature has reached the upper limit of the certain temperature range can be performed in a
variety of manners, similar to those described with respect to determining whether the water temperature is below the
upper limit of the certain temperature range. Once the temperature regulation device 40 has determined that the water
temperature has reached the upper limit of the certain temperature range, the temperature regulation device 40 pro-
ceeds to step 128 wherein the heating module 14 is caused to acquire the non-heating state, and the water pump 12
will be deactivated after a short delay (typically 30 seconds) to cool down the element.

[0085] Once the heating module 14 has acquired the non-heating state, and the water pump 12 has been deactivated,
the temperature regulation device 40 waits until the delay time has elapsed before reactivating the water pump 12.
During this delay time, the water in the water receptacle 18 generally decreases in temperature, given the absence of
a heating source.

[0086] Once the delay time has elapsed, the temperature regulation device 40 returns to step 112, where it controls
the actuator 95 for causing the water pump 12 to be activated. The activation of the water pump 12 causes the water
in the water receptacle 18 to circulate through the circulation piping and the heating module 14 such that the water
temperature in these components becomes uniform. Once again, at step 114, the temperature regulation device 40
processes a signal from the temperature sensor 35 indicative of the water temperature.

[0087] At step 116, the temperature regulation device 40 is able to re-calculate a new delay time. In a non-limiting
example of implementation, the temperature regulation device 40 calculates the rate of temperature decrease on the
basis of the temperature of the water obtained from the temperature sensor 35 at step 126, and the temperature of
the water obtained from the temperature sensor 35 at step 114. The temperature of' the water obtained at step 126
will be indicative of a temperature that is close to the upper limit of the certain temperature range, and the temperature
of the water obtained at step 114 will usually be less than the temperature obtained at step 126.

In a non-limiting example, the rate of temperature decrease is calculated using the following formula:

Rate of Temperature Decrease = (T, siep) 126 Tfrom step 114 )/time

On the basis of the rate of temperature decrease, the temperature regulation device 40 derives an estimated delay for
time the water temperature to decrease from the upper limit of the certain temperature range, to the lower limit of the
certain temperature range. Therefore, the time calculated by the temperature regulation device 40 at step 116 becomes
the new delay time. In a non-limiting example, the new delay time can be calculated using the following formula:

New delay Time= (T T ower imit)/Rate of Temperature Decrease

upper limit~

At step 118, the temperature regulation device 40 further processes the temperature measurement obtained at step
114 in order to determine whether the water temperature fallen below the upper limit of the certain temperature range.
In the case where the water temperature has not fallen below the upper limit of the certain temperature range, the
temperature regulation device 40 proceeds to step 120 where it controls the actuator 95 for causing the water pump
12 to be deactivated.

[0088] The temperature regulation device 40, then proceeds to step 122 wherein it waits the time delay After the
time delay has elapsed, the temperature regulation device 40 returns to step 112 wherein it controls the actuator 95
for causing the water pump 12 to be reactivated Once the temperature regulation device 40 has been through the
above-described process one full cycle, it should have derived a fairly accurate delay time required for the water tem-
perature to decrease from the upper limit of the certain temperature range, to the lower limit of the certain temperature
range. As such, after the first pass through the process, the temperature regulation device 40 will usually proceed to
step 124 from step 118. Therefore, step 116 of adjusting the delay time will simply be for the purpose of fine-tuning the
exact delay time necessary. For example, as the sun goes down in the evening, the delay time between a deactivation
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of the water pump 12 and a subsequent re-activation of the water pump 12 might decrease, given that the water might
need to be heated more frequently.

[0089] In parallel with the process described above, the ambient temperature of the air can be monitored by one of
the bathing unit controller 30 or the temperature control system 36. In the non-limiting embodiment shown in Figure 1,
the bathing unit controller 30 is in communication with an ambient temperature sensor 39 for receiving signals indicative
of the ambient temperature of the air. In non-limiting example of implementation, the ambient temperature sensor 39
is located inside the bathing unit controller 30 housing. It will be appreciated that the actual ambient temperature and
the temperature inside the bathing unit controller housing may differ from one another, Optionally, in such an imple-
mentation, the ambient temperature sensor may be calibrated such as to include a temperature offset in order to allow
the ambient temperature sensor to provide a more exact ambient temperature measurement. It should also be under-
stood that in certain implementations it could be the temperature regulation device 40 that is in communication with
the ambient temperature sensor 39.

[0090] In an alternative, non-limiting embodiment, instead of determining a new delay time on the basis of the water
temperature in the water receptacle 18, the new delay time can be determined on the basis of the ambient air temper-
ature measurement, which can be indicative of an air temperature, or a rate of increase/decrease of temperature, For
example, in the case where the ambient air temperature changes rapidly, the bathing unit controller 42 can determine
that there has been a rapid decrease, or increase, in ambient air temperature, and as such can determine a new delay
time. In addition, in the case where the ambient air temperature decreases rapidly, the bathing unit controller 42 can
automatically cause the water pump 12 to be re-activated prior to the expiry of the old delay time.

[0091] The new delay time can be determined at least in part on the basis of at least one of the ambient air temper-
ature, the rate of air temperature decrease and the desired water temperature In a non-limiting embodiment, this new
delay time can be determined on the basis of a look-up table stored in the memory of either the bathing unit controller
30 or the temperature control system 36. The lookup table can include a list of ambient air temperatures, rates of air
temperature decrease, desired water temperatures as well as corresponding delay times associated to those param-
eters.

[0092] Inoperation, the bathing unit controller 30 is operative for monitoring the signals received from the temperature
sensor 39 indicative of the ambient air temperature. On the basis of these signals, the bathing unit controller 30 is
operative for determining if the ambient air temperature is increasing or decreasing at a rapid rate. In the case where
the bathing unit controller 30 determines that the ambient air temperature is decreasing at a rapid rate, such as by
10°C during the course of the water pump 12 being deactivated, which let us assume is 30 minutes, the bathing unit
controller 30 is operative for causing the water pump 12 to be reactivated, and for determining a new delay time during
which the water pump 12 should be deactivated. As mentioned above, in order to determine the new delay time, the
bathing unit controller 30 can perform a look-up operation in a table stored in its memory, Let us assume for the sake
of example that the look-up table includes a list of rates of ambient air temperature decrease associated with new delay
times. Therefore, on the basis of the look-up table, the bathing unit controller 30 might determine that the delay time
associated with a rate of temperature decrease of 333°C/minute is 10 minutes. Although the above example describes
a rate of ambient temperature, it should be understood that the new delay time could also be calculated on the basis
of a single ambient air temperature measurement.

Controlling the Water Pump 12 and the Heating Module Actuators Concurrently

[0093] Shown in Figure 7 is a non-limiting example of a process that combines the processes described above with
respect to Figures 4 and 6 As such, the process described with respect to Figure 7 is a non-limiting example of a
process used by the temperature regulation device 40 to control a plurality of actuators for causing the heating module
14 to acquire one of the heating state and the non-heating state, and for calculating a delay time during which the
water pump 12 should be deactivated.

[0094] Steps 130 through 138 are substantially the same as steps 110 through 118 described above with respect to
Figure 6, and as such will not be described in more detail herein.

[0095] When the temperature regulation device 30 determines on the basis of the water temperature measurement
taken at step 134 that the water temperature is below the upper limit of the certain temperature range, the temperature
regulation device 40 proceeds to step 144, At step 144 the temperature regulation device 40 selects a configuration
for the plurality of actuators 91 and 92 from the second set of actuation patterns. As mentioned above, the configurations
in the second set of actuation patterns are adapted for causing the heating module 14 to acquire a heating state.
[0096] Once the temperature regulation device 40 has selected a configuration from the second set of actuation
patterns, the temperature regulation device 40 derives a control signal for causing the actuators 91 and 92 to acquire
the selected configuration. As such, at step 146 the temperature regulation device 40 causes the heating module 14
to acquire the heating state. In this fashion, the heating module 14 is activated (or turned "ON").

[0097] At step 148, once the heating module 14 has been activated, the temperature regulation device 40 receives
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signals from the temperature sensor 35 indicative of the water temperature.

[0098] At step 150, the temperature regulation device 40 processes these signal such that once the water temper-
ature has reached or exceeded an upper limit of a certain temperature range, then the temperature regulation device
40 selects a configuration for the plurality of actuators 91 and 92 from the first set of actuation patterns: As described
above, the configurations in the first set of actuation patterns are adapted for causing the heating module to acquire
a non-heating state.

[0099] Once the temperature regulation device 40 has selected a configuration from the first set of actuation patterns,
the temperature regulation device 40 derives a control signal for causing the actuators 91 and 92 to acquire the selected
configuration. As such, at step 152 the temperature regulation device 40 causes the heating module 14 to acquire the
non-heating state. In this fashion, the heating module 14 is de-activated (or turned "OFF"). At step 152 the temperature
regulation device 40 also causes the water pump 12 to be deactivated, after a short delay (typically 30 seconds) to
cool down the element.

[0100] Once the heating module 14 is in the non-heating state, and the water pump 12 is deactivated, at step 154
the temperature regulation device 40 waits the delay time before reactivating the water pump 12.

[0101] The remaining steps of the flow chart shown in Figure 7 are the same as those described in relation to Figure
6, and as such will not be described in more detail herein.

[0102] Shownin Figure 8 is a graphical representation of' the operation of the temperature regulation device 40 using
the process described with respect to Figure 7.

[0103] In the graph shown in Figure 8, dashed line 160 represents the upper limit of a certain temperature range
associated to a desired temperature, and dashed line 162 represents the lower limit of the certain temperature range.
In addition, lines 164 and 166 represent control signals for causing the activation and de-activation of actuators 91 and
92, line 168 represents the state of heating module 14, and line 170 represents a control signal for causing the activation
and de-activation of the water pump 12.

[0104] As described above with respect to Figures 5A-5C, for the non-limiting purposes of the present description,
the default position for the actuators 91 and 92 is the closed position, such that when the actuators 91 and 92 are in
the default position, the heating module 14 is in the heating state.

[0105] Referring now to Figure 8, in position A, the bathing unit system 10 has just been turned on. In this position,
the heating module 14 is in a non heating state, as indicated by line 168, and the water pump 12 is activated, as
indicated by line 170. The portion of the graph between positions A and B indicates the state of the components during
steps 130 through 136 of the process described with respect to Figure 7. More specifically, during this period, the water
pump 12 is activated in order to circulate water between the water receptacle 18 and the heating module 14 so as to
obtain a uniform temperature between the two. In addition, during the period between positions A and B, the temperature
regulation device 40 receives a signal from the temperature sensor 35 indicative of the temperature of the water. As
shown by lines 160 and 162, the water temperature between positions A and B is in proximity to or lower than the lower
limit of the certain temperature range. As such, at step 138 the temperature regulation device 40 determines that the
heating module 14 needs to be activated in order to heat the water up.

[0106] The portion of the graph between positions B and C indicates the state of the components during steps 138
through 146 of the process described with respect to Figure 7. More specifically, the temperature regulation device 40
causes the heating module 14 to be activated by causing actuators 91 and 92 to be in the default closed position, as
shown by lines 164 and 166. During this period, the heating module 14 is in the heating state, as shown by line 168,
and the water pump 12 is activated, as indicated by line 170.

[0107] At position C, and in accordance with step 148 of the process of Figure 7, the temperature regulation device
40 detects on the basis of a signal from the temperature sensor 35, that the water temperature has reached or exceeded
the upper limit of the temperature range. Accordingly, between positions C and D, and as indicated by lines 164 and
166, the temperature regulation device 40 in accordance with step 150 of Figure 7, selects a configuration for the
plurality of actuators 91 and 92 from the first set of actuation patterns for causing the heating module 14 to be in the
non-heating state. As indicated by lines 168 and 170, during this period of time, the heating module 14 is in a non-
heating state and the water pump 12 is deactivated It is during positions C and D that the delay time elapses, during
which time the water in the water receptacle 18 cools down.

[0108] At position D, the delay time during which the water pump 12 is deactivated has elapsed-As such, in accord-
ance with step 132 of the process of Figure 7, during the period from position D to position E, the water pump 12 is
re-activated, as indicated by line 170. During this period of time, the temperature regulation device 40 performs steps
134 and 136, which are to obtain a signal indicative of the water temperature from the temperature sensor 35, and to
derive a new delay time. The new delay time can be calculated on the basis of the rate of decrease of the water
temperature between position C and position D.

[0109] At position E, since the water temperature has been determined to be below the upper limit of the certain
temperature range, the temperature regulation device 40 proceeds once again to steps 144 and 146 described in the
process of Figure 7. As such, between position E and F, the temperature regulation device 40 causes the heating
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module 40 to be activated, as indicated by line 168. As such, both actuators 91 and 92 are in the default closed position.
[0110] At position F, the temperature regulation device 40 once again detects on the basis of a signal from the
temperature sensor 35, that the water temperature has reached or exceeded the upper limit of the temperature range.
Accordingly, the temperature regulation device 40 selects a configuration for the plurality of actuators 91 and 92 from
the first set of actuation patterns for causing the heating module 14 to be in a non-heating state As such, between
positions and G, the water in the water receptacle 18 is able to cool down in the absence of a heat source.

[0111] Since the new delay time required for the water to decrease in temperature from the upper limit of the tem-
perature range to the lower limit of the temperature range was calculated at position D, between positions F and G the
temperature regulation device 40 is able to cause the heating module 14 to acquire the non-heating state, and the
water pump 12 to be deactivated for that new delay time. The skilled person in the art will appreciate that provided the
rate of temperature decrease remains constant, the new delay time during which the heating module 14 is in the non-
heating state and the water pump 12 is deactive, enables the water temperature to decrease entirely from the upper
limit of the certain temperature range, to the lower limit of the certain temperature range, As such, the process described
with respect to Figure 7 produces a process for maintaining the water temperature within a certain time limit, that also
serves to extend the lifetime of the actuators 91 and 92, and the lifetime of the water pump 12.

Physical Implementation

[0112] Those skilled in the art should appreciate that in some embodiments of the invention, all or part of the func-
tionality associated with the temperature regulation device 40, may be implemented as pre-programmed hardware or
firmware elements (e.g.., application specific integrated circuits (ASICs), electrically erasable programmable read-only
memories (EEPROMSs), etc.) or other related components.

[0113] In other embodiments of the invention, all or part of the functionality previously described herein with respect
to the temperature regulation device 40 for maintaining the water temperature in a bathing unit within a certain tem-
perature range may be implemented as software consisting of a series of instructions for execution by a computing
unit. The series of instructions could be stored on a medium which is fixed, tangible and readable directly by a computing
unit (e.g., removable diskette, CD-ROM, ROM, PROM, EEPROM or fixed disk) or the instructions could be stored
remotely but transmittable to the computing unit via a modem or other interface device (eg., a communications adapter)
connected to a network over a transmission medium. The transmission medium may be either a tangible medium (eg,
optical or analog communications lines) or a medium implemented using wireless techniques (e.g., microwave, infrared
or other transmission schemes).

[0114] The temperature regulation device 40 may also be configured as a computing unit 200 of the type depicted
in Figure 9, including a processing unit 202 and a memory 204 connected by a communication bus 206. The memory
204 includes data 208 and program instructions 210. The processing unit 202 is adapted to process the data 208 and
the program instructions 210 in order to implement the process described in the specification and depicted in the
drawings. The computing unit 202 may also comprise a number of interfaces 212, 214 and 216 for receiving or sending
data elements to external devices. For example, interfaces 212, 214 might receive signals from the temperature sensor
35 and the water level sensor 34 as described above, and as such are used for receiving data streams. The processing
unit 202 is operative for processing the received signal or signals to derive a control signal for controlling the plurality
of actuators 91 and 92. Interface 216 is for releasing the control signals.

[0115] Although various embodiments have been illustrated, this was for the purpose of describing, but not limiting,
the invention. Various modifications will become apparent to those skilled in the art and are within the scope of this
invention, which is defined more particularly by the attached claims.

Claims

1. A temperature control system for a bathing unit, the bathing unit including a receptacle for holding water and a
heating module for heating the water supplied to the receptacle, said temperature control system comprising:

a) a plurality of actuators associated to the heating module, said plurality of actuators being adapted for ac-
quiring:

i) a first set of actuation patterns causing the heating module to be in a non-heating state, said first set of
actuation patterns including at least two configurations;

ii) a second set of actuation patterns causing the heating module to be in a heating state, said second set
of actuation patterns including at least one configuration;
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b) a temperature regulation device in communication with the plurality of actuators, said temperature regulation
device operative for controlling said plurality of actuators such as to cause the heating module to be in either
one of the heating state or the non-heating state, said temperature regulation device being adapted to select
a configuration from the first set of actuation patterns for causing the heating module to be in the non-heating
state.

A temperature control system as defined in claim 1, wherein said temperature regulation device is further operative
for:

a) receiving a signal indicative of a water temperature; and

b) processing the signal indicative of the water temperature on the basis of a desired water temperature to
derive a control signal;

c¢) controlling said plurality of actuators on the basis of said control signal such as to cause the heating module
to acquire either one of the heating state or the non-heating state.

A temperature control system as defined in claim 2, wherein said desired water temperature is provided by a bather.
A temperature control system as defined in claim 1, wherein the plurality of actuators are connected in series.

A temperature control system as defined in claim 1, wherein said temperature regulation device is operative for
selecting a configuration from the first set of actuation patterns on the basis of a pattern.

A temperature control system as defined in claim 5, wherein said pattern is a random pattern.

A temperature control system as defined in claim 1, wherein said first set of actuation patterns includes two con-
figurations, said temperature regulation device being operative for selecting between said two configurations in
an alternating manner.

A temperature control system as defined in claim 1, wherein said temperature regulation device is operative for
selecting a configuration from said first set of actuation pattern for causing the heating module to acquire a non-

heating state by activating at least one actuator contained in said plurality of actuators.

A temperature control system as defined in claim 8, wherein activating at least one actuator contained in said
plurality of actuators includes opening the at least one actuator.

A temperature control system as defined in claim 9, wherein deactivating at least one actuator contained in said
plurality of actuators causes the at least one actuator to close.

Atemperature control system as defined in claim 10, wherein deactivating the actuators in said plurality of actuators
causes the heating module to be in a heating state.

A temperature control system as defined in claim 1, wherein said temperature regulation device is operative for
selecting a configuration from the first set of actuation pattern for causing the heating module to acquire a non-

heating state by deactivating at least one actuator contained in said plurality of actuators.

A temperature control system as defined in claim 12, wherein deactivating at least one actuator contained in said
plurality of actuators includes opening the at least one actuator.

, A temperature control system as defined in claim 13, wherein activating at least one actuator contained in said
plurality of actuators causes the at least one actuator to close.

A temperature control system as defined in claim 14, wherein activating the actuators in said plurality of actuators
causes the heating module to be in a heating state.

A temperature control system as defined in claim 1, wherein said temperature control system comprises:

a) an additional actuator distinct from said plurality of actuators;
b) a safety temperature regulation device responsive to an unsafe condition event for controlling said additional
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actuator for causing the heating module to acquire the non-heating state.

. Atemperature control system as defined in claim 16, wherein said unsafe condition event includes the temperature
of the water exceeding a certain level.

. A temperature control system as defined in claim 1, further comprising:

a) a capacitive water level sensor adapted for obtaining a capacitance measurement associated to a level of
water in the heating module;
b) said temperature regulation device being in communication with said capacitive water level sensor for:

i) processing the capacitance measurement in order to derive a second control signal;
ii) controlling said plurality of actuators on the basis of said second control signal such as to cause the
heating module to acquire either one of the heating state or the non-heating state.

. A temperature control system as defined in claim 18, wherein said capacitive water level sensor is adapted to
acquire a plurality of capacitance measurements, the capacitance measurements corresponding to levels of water
in a range of levels of water.

. A method for controlling the water temperature of a bathing unit, the bathing unit including a receptacle for holding
the water, a heating module for heating the water supplied to the receptacle, and a plurality of actuators associated
to the heating module, the plurality of actuators being adapted for acquiring:

a) a first set of actuation patterns causing the heating module to be in a non-heating state, said first set of
actuation patterns including at least two configurations;
b) a second set of actuation patterns causing the heating module to be in a heating state, said second set of
actuation patterns including at least one configuration;

said method comprising:

a) receiving a signal indicative of a water temperature;
b) processing the signal indicative of a water temperature on the basis of a desired water temperature to derive
a control signal;
c¢) controlling said plurality of actuators such as to cause the heating module to acquire either one of a heating
state or a non-heating state on the basis of said control signal;
d) selecting a configuration from the first set of actuation patterns when said control signal is indicative that
the heating module should acquire the non-heating state.

. A method as defined in claim 20, wherein said desired water temperature is provided by a bather.

. A method as defined in claim 20, wherein the plurality of actuators are connected in series.

. A method as defined in claim 20, further comprising selecting a configuration from the first set of actuation patterns
on the basis of a pattern.

. A method as defined in claim 23, wherein said pattern is a random pattern.

. Amethod as defined in claim 20, wherein the first set of actuation patterns includes two configurations, said method
comprising selecting between said two configurations in an alternating manner.

. A method as defined in claim 20, wherein said method further comprises selecting a configuration from said first
set of actuation pattern for causing the heating module to acquire a non-heating state by activating at least one

actuator contained in the plurality of actuators.

. A method as defined in claim 26, wherein activating at least one actuator contained in the plurality of actuators
includes opening the at least one actuator.

. A method as defined in claim 27, wherein deactivating at least one actuator contained in the plurality of actuators
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causes the at least one actuator to close.

A method as defined in claim 28, wherein deactivating the actuators in the plurality of actuators causes the heating
module to be in a heating state.

A method as defined in claim 20, wherein said method further comprises selecting a configuration from the first
set of actuation pattern for causing the heating module to acquire a non-heating state by deactivating at least one
actuator contained in said plurality of actuators.

A method as defined in claim 30, wherein deactivating at least one actuator contained in said plurality of actuators
includes opening the at least one actuator.

A method as defined in claim 31, wherein activating at least one actuator contained in said plurality of actuators
causes the at least one actuator to close.

A method as defined in claim 32, wherein activating the actuators in said plurality of actuators causes the heating
module to be in a heating state.

A method as defined in claim 20, wherein the method further comprises:

a) processing a capacitance measurement taken by a capacitive water level sensor in communication with
the heating module in order to derive a second control signal;

b) controlling the plurality of actuators on the basis of said second control signal such as to cause the heating
module to acquire either one of the heating state or the non-heating state.

A method as defined in claim 34, wherein the capacitive water level sensor is adapted to acquire a plurality of
capacitance measurements, the capacitance measurements corresponding to levels of water in a range of levels
of water.

A method for controlling heating of water in a bathing unit, the bathing unit including a receptacle for holding water,
a heating module for heating the water supplied to the receptacle and a pump for circulating the water between
the receptacle and the heating module, said method comprising:

a) intermittently causing activation of the pump to cause water to circulate between the receptacle and the
heating module, an activation of the pump occurring after a certain delay time after a deactivation of the pump;
b) modifying the certain delay time at least in part on the basis of temperature measurements of the water
taken between successive activations of the pump.

A method as defined in claim 36, wherein the pump remains active during a certain time interval following an
activation of the pump, the method including causing said heating module to be in a heating state during at least

a portion of the certain time interval.

A method as defined in claim .37, wherein said method includes causing a deactivation of the pump when a tem-
perature measurement of the water exceeds a desired temperature.

A method as defined in claim 38, wherein said desired temperature is provided by a bather.

A method as defined in claim 36, wherein said method includes modifying the certain time delay at least in part
on the basis of the rate of change of the water temperature measurements taken during a deactivation of the pump.

A method as defined in claim 40, wherein said method further involves deriving the rate of the temperature decrease
from a first temperature measurement to a second temperature measurement.

A method as defined in claim 36, wherein said method includes activating the pump prior to the expiry of the certain
delay time in response to a certain ambient air temperature measurement.

A temperature control system for a bathing unit, the bathing unit including a receptacle for holding water, a heating
module for heating the water supplied to the receptacle and a pump for circulating water between the receptacle
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and the heating module, said temperature control system comprising:

a) a temperature sensor for measuring the temperature of the water;
b) a temperature regulation device in communication with said temperature sensor, said temperature regulation
device being operative for:

i) intermittently causing activation of the pump to cause water to circulate between the receptacle and the
heating module, an activation of the pump occurring after a certain delay time after a deactivation of the
pump;

i) modifying the certain delay time at least in part on the basis of temperature measurements of the water
taken between successive activations of the pump.

. Atemperature control system as defined in claim 43, wherein the pump remains active during a certain time interval
following an activation of the pump, said temperature regulation device being operative for causing the heating
module to be in a heating state during at least a portion of the certain time interval.

. A temperature control system as defined in claim 43, wherein said temperature regulation device is operative for
causing a deactivation of the pump when a temperature measurement of the water exceeds a desired temperature.

. A temperature control system as defined in claim 45, wherein said desired temperature is provided by a bather.

. A temperature control system as defined in claim 43, wherein said temperature regulation device is operative for
modifying the certain time delay at least in part on the basis of the rate of change of water temperature measure-
ments taken during a deactivation of the pump.

. A temperature control system as defined in claim 47, wherein said temperature regulation device is operative for
deriving the rate of the temperature decrease from a first temperature measurement to a second temperature
measurement.

. Atemperature control system as defined in claim 43, wherein the pump is activated prior to the expiry of the certain
delay time in response to a certain ambient air temperature measurement.

. A method for controlling the heating of water in a bathing unit, the bathing unit including a receptacle for holding
water, a heating module for heating the water supplied to the receptacle and a pump for circulating the water
between the receptacle and the heating module, said method comprising:

a) intermittently causing activation of the pump to cause water to circulate between the receptacle and the
heating module, an activation of the pump occurring after a certain delay time after a deactivation of the pump;

b) modifying the certain delay time at least in part on the basis of an ambient air temperature measurement.

. A method as defined in claim 50, wherein said ambient air temperature measurement is indicative of the temper-
ature of the air.

. A method as defined in claim 50, wherein said ambient air temperature measurement is indicative of a rate of
change of air temperature.

. A method as defined in claim 50, wherein the pump remains active during a certain time interval following an
activation of the pump, the method including causing said heating module to be in a heating state during at least

a portion of the certain time interval.

. A method as defined in claim 53, wherein said method includes causing a deactivation of the pump when a tem-
perature measurement of the water exceeds a desired temperature.

. A method as defined in claim 54, wherein said desired temperature is provided by a bather.

. A temperature control system for a bathing unit, the bathing unit including a receptacle for holding water, said
temperature control system comprising:
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a) a circulation system through which water can flow, said circulation system comprising:

i) a heating module for heating water; and
ii) circulation piping connecting said heating module to the receptacle for allowing water to be exchanged
between the heating module and the receptacle;

b) a solid state device operative for controlling the power supplied to said heating module, said solid state
device positioned in a thermally conductive relationship with the water in said circulation system such as to
allow heat to dissipate from said solid state device to water in said circulation system.

. A temperature control system as defined in claim 56, wherein said heating module includes:

c) an outer surface;

d) an inner surface defining a passage through which water can flow, said inner surface adapted for being in
contact with the water passing through said passage; and

e) a conductive portion that extends from said inner surface to said outer surface;

f) said solid state device being mounted in contact with said conductive portion of said heating module such
that said solid state device is in a thermally conductive relationship therewith.

. A temperature control system as defined in claim 56, wherein said solid state device is mounted in contact with a
thennally conductive portion of said circulation piping such that said solid state device is in a thermally conductive
relationship therewith.

. A temperature control system as defined in claim 56, wherein said solid state device includes a device selected
from the set consisting of TRIACs, SRCs, FETs, IGBTs, MOSFETs, JFETs and BJTs (bipolar junction transistors).

. A temperature control system as defined in claim 56, wherein said solid state device includes a TRIAC.

. Atemperature control system as defined in claim 56, wherein said solid state device is maintained in said thermally
conductive relationship with said circulation system via a fastener.

. Atemperature control system as defined in claim 61, wherein the fastener includes an element selected from the
set consisting of an adhesive and a mechanical fastener.

. A temperature control system for a bathing unit, the bathing unit including a receptacle for holding water and a
heating module for heating the water of the receptacle, said temperature control system comprising:

a) at least one solid state device associated to the heating module, said solid state device being adapted for
supplying power to the heating module;

b) a temperature regulation device in communication with said solid state device, said temperature regulation
device being operative for controlling said solid state device such as to regulate the amount of power supplied
to said heating module.

. A temperature control system as defined in claim 63, wherein said solid state device includes a device selected
from the set consisting of TRIACs, SCRs. FETs, IGBTs, MOSFETSs, JFETs and BITs (bipolar junction transistors).

. A temperature control system as defined in claim 63, wherein said temperature regulation device is operative to
control said solid state device such that said solid state device causes the heating module to be used at a fraction
of its capacity.

. A temperature control system as defined in claim 63, wherein said temperature regulation device is operative for
controlling the solid state device for reducing the amount of current supplied to the heating module.

. A temperature control system as defined in claim 63, wherein said temperature regulation device is operative for

reducing the amount of current supplied to the heating module upon detection of the operation of one or more
additional components associated to the bathing unit.
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WHEN LINES 76 & 78 ARE UP = ACTUATOR OPEN
WHEN LINES 76 & 78 ARE DOWN = ACTUATOR CLOSED
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WHEN LINES 88 & 90 ARE DOWN = ACTUATOR €LOSED
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WHEN LINES 164 & 166 ARE UP = ACTUATOR OPEN
WHEN LINES 164 & 166 ARE DOWN = ACTUATOR CLOSED
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