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REGULATION METHOD FOR WATER HYBRID DEVICES INVOLVING

PURIFICATION. CIRCULATION AND/OR SEPARATION

Field of the invention

The present invention relates to a method for regulation of a hybrid

device allowing purification and either recycling or separation of water.

Technical Background

All advanced systems have some kind of regulation or control system.

The present invention is related to systems for water purification and

circulation or separation. Examples of such systems are showers or wash

basins or the like. In the following such devices are called hybrid devices,

which is linked to the ability of recycling or separating away water which has

been used, e.g. water flowing into a floor drain in a shower.

One purpose of the present invention is to provide a regulation method

for such hybrid devices which is improved in terms of reliability regardless of

water source and possible disturbances within the water loop of the system.

Summary of the invention

The stated purpose above is achieved by a method for regulation of a

hybrid device allowing purification and either recycling or separation of water,

said method comprising:

- measuring a water quality parameter in water in the hybrid device in a

measuring point;

- deciding the limit value of the water quality parameter based on

measurement of the water quality parameter, said limit value being a

reference for a limit value for clean water; and

- if the water quality parameter in the measuring point is outside of the limit

value of the water quality parameter then separating the water, and otherwise

recycling the water in the hybrid device.

In this context the expression "regulation" has several synonyms, such

as e.g. controlling, which is also embodied by the present invention.

The present invention is directed to deciding the limit value of the water

quality parameter based on measurement of the water quality parameter,

which implies an active regulation concept which is not regulated by use of



determining an absolute value for the limit. Absolute values are otherwise

used today for regulation of other hybrid devices.

In relation to the present invention is should be noted that the

regulation method covers both a case where the measurement of a water

quality parameter for obtaining an instantaneous value and the measurement

for deciding the limit value is performed in the same position in the system,

i.e. in one and the same sensor, and a case where these two measurements

are performed in different positions and hence sensors. Therefore, according

to one specific embodiment the measurement of the water quality parameter

for deciding the limit value is performed in the measuring point in which an

instantaneous value of the water quality parameter is measured. In another

specific embodiment of the present invention, the measurement of the water

quality parameter for deciding the limit value is performed in another

measuring point than the measuring point in which an instantaneous value of

the water quality parameter is measured. The latter case implies that although

there is always an instantaneous value of the water quality parameter

measured, it is not necessarily this measuring point that functions as the

measuring point which sets the limit value range for what should be regarded

as clean water in the system. Nevertheless, the method of regulation

according to the present invention involves a dynamic regulation and not use

of an absolute value. The present invention provides a regulation method

which solves the problem related to the fact that the water supply to a hybrid

device, such as a shower, normally has varying quality over time.

The above also implies that when stating "water" one should

understand that this may refer to different parts of the flow held within the

hybrid device according to the present invention.

Furthermore, the expression "hybrid device" is related to the ability of

either recycling or separating away either depending on the quality of the

water. The regulation is driven so that if the water quality parameter in the

measuring point is outside of the limit value of the water quality parameter

then the water is separated away as it is considered inexpedient. However, as

long as the water is of good quality, then the water is recirculated in the hybrid

device system for reuse. It may further be said that the water separated away



may be further processed by purification or another type of treatment, or may

be directed discarded and sent to a drain.

Moreover, the expression "if the water quality parameter in the

measuring point is outside of the limit value of the water quality parameter"

implies having a value indicating water which is not clean enough. Depending

on what type of water quality parameter being used, this "outside" may refer

to be above or below the measured value. With reference to the expression

"clean water" this implies water which is acceptable to recycle in the system,

i.e. does not have to be separated off. Furthermore, "separated off" does not

evidently mean discard, but can imply to separate off a water stream which

then is used for other purposes. Nevertheless, when the water is separated

off it is not recycled in the primary recirculation loop of the system.

The present invention has several advantages. Firstly, the regulation

provides for an automatic adjustment to the water source used. As water and

its properties varies for different sources it is an advantage to use a "smart

system" such as according to the present invention so that the water quality

and the limit value of the water quality parameter may be individually set to

specific conditions. Secondly, the regulation also ensures the hybrid device to

adjust to disturbances within the system in a proper way. As the regulation is

driven by dynamic regulation and not by use of an absolute value the system

may adjust for a change within the system which is not affecting the water

quality but in fact only affects the measuring values. One possible example

thereof is the difference of contamination on measuring sensors vs.

contaminants in the water. This is further discussed below.

As a further example, the present invention may also handle a

permanent offset, e.g. between a sensor arranged on the inflow of water and

a sensor in a water collecting unit arranged in the floor drain. Such an offset

may e.g. occur if there is fouling or contaminants on the sensor in the

collecting unit. As the system in such a case may detect the offset when

comparing the values of the sensors over time, this can also be handled by

the method so that the limit value is set when this is taken into account.

The present invention also provides an increased ability to regulate the

system based on different needs and desires. This is not only possible by



regulating on a direct water quality parameter, but also taking other

parameters in consideration. For instance, if the supply of fresh water is very

low, then it may be of interest to be able regulate the system in a high

recirculation mode so that very little of the water is separated off, that is if

such water is not purified in a subsequent unit and then returned back to the

hybrid device. Then the hybrid device may have a comparatively increased

filter effect, such as by comprising larger or more filters. On the other hand,

when total cost of the system is the key factor, then the system may be

regulated after parameters affecting this, such as filter consumption, and for

instance cost of purification of the water, e.g. related to both level of

contamination as well as temperature in the water.

Brief description of the drawings

Fig. 1 shows a simplified flow chart for a hybrid device in which the

regulation method according to one or more embodiments of the present

invention may be conducted.

Fig. 2 shows a program flow of a possible regulation method loop

according to one embodiment of the present invention.

Fig. 3 shows a graph of a regulation of a hybrid device according to the

present invention.

Specific embodiments of the invention

Some specific embodiments of the present invention are disclosed

below.

According to one specific embodiment of the present invention, the

limit value is set by statistical processing. According to another specific

embodiment of the present invention the limit value of the water quality

parameter is decided by calculating moving average. Calculating a moving

average may be of interest in both of the above mentioned cases, i.e. when

the limit value is decided in the same measuring point as for the

instantaneous value and also in the case when this is made in another

measuring point.

The direction of calculating a moving average or another form of mean

value allows the system to adjust for natural changes in the water inflow. The

memory setting the limits for the time period should at least cover the normal



usage. One example is longer than 5 minutes as 6-7 minutes may be seen as

a normal use of a hybrid device in the form of a shower.

Furthermore, for the statistical processing many different mathematical

methods of interest may be used. Therefore, the limit value may be set by

different mathematical operations. Examples of possible operations to use are

k-means clustering and/or moving average (e.g. low-pass filter) k-means

clustering may be used to remove or filter off measuring values or groups

which correspond to evidently contaminated water. As an example, when

viewing fig. 3 the measuring values within the peak which exhibits high values

and as such evidently contaminated value could be filtered off in the actual

regulation method. As such, the limit value may be restricted in a further

difficult way to ensure a higher reliability of clean water being used in the

system. Moving average may also be used with the same intention, and in

this case this is directed to filter off short variations. This feature provides a

possibility of adjusting the system based on different types of conditions and

certain desired results.

According to yet another specific embodiment of the present invention,

the regulation also comprises prediction, and where separating or recycling of

the water also is based on a predicted future value of the water quality

parameter. By incorporating prediction in the regulation method, the system

may also regulate on future plausible water quality. This is another possible

feature in the "smart system" concept according to the present invention. To

be able to predict a future value may eliminate or minimize other possible

system problems to solve, such as time needed from sensor measurement to

actual action within the system and delay in valves closing / opening when the

system is going from recirculation to separation or vice versa.

It may further be said that a prediction mode according to the present

invention may be directed to operating on calculation of the derivatives of the

measured value of the water quality parameter. One possible example is to

perform the prediction based on the actual measured value.

The measuring value for measuring an instantaneous value of the

water quality parameter may be obtained in different positions within the

hybrid device. According to one specific embodiment of the present invention,



the measuring point for obtaining an instantaneous value of the water quality

parameter is performed in or after a water collecting unit. A water collecting

unit is positioned after an open part of the hybrid device. As seen in fig. 1 this

open part is the actual shower in which water is sprayed over the user and

then collected in a so called collecting unit. Moreover, in fig. 1 there is also

shown a sensor located directly below the shower, which in this case is the

sensor located in the water collecting unit.

The collecting unit may comprise a semi-open water supply line, but

may be of many other types and shapes. The measuring point is suitable

positioned within the collecting unit or in close proximity thereto. It should,

however be noted that the measuring point in fact may be positioned after the

collecting unit also, e.g. in the tank, before or after the pump or somewhere

before the filter(s) as shown in fig. 1. As the measurement is directed to clean

vs. contaminated water in the hybrid device, this point is not suitable after the

filter or in the actual shower nozzle. It should however be noted that these

positions may well comprise other sensors for measurement. As an example,

one or more sensors, such as one electrical conductivity (EC) sensor, may be

arranged after the filter. Such an EC sensor may measure the water quality

parameter after the filter and the regulation method according to the present

invention may be performed also by use of input from this EC sensor, e.g. to

dynamically set the limit value(s).

Another example is a sensor for measuring the pressure after the

filter(s) to obtain a value of a possible pressure drop over the filter(s) and as

such indicate the level of consumption of the filter. Moreover, if the filter is

defect this may also be noticed this way.

As understood from above, the present invention is directed to

determining what should be regarded as contaminated water. To be able to

do so clean water has to be defined, which is made by setting the limit value

or limit values of the water quality parameter according to the present

invention. Therefore, according to one specific embodiment of the present

invention, deciding the limit value of the water quality parameter is performed

by measuring the water quality parameter in a position and at a time when

clean water is present. To be able to operate the system according to above,



the system must "know" where clean water is to be measured. One possible

example is to measure the water in the inflow or in the reservoir tank when it

is certain that the tank only holds clean water. The latter may be evident when

the tank just has been filled up with clean water after have being emptied.

Also the measuring point for deciding the limit vale may be located in

different positions. As said above, this measuring point may well be one and

the same as for measuring the instantaneous value. However, also other

positions are possible. According to one specific embodiment, the measure

ment of the water quality parameter for deciding the limit value is performed in

an inflow of water to the hybrid device. In another case the measurement of

the water quality parameter for deciding the limit value is performed in a

reservoir tank holding inflow water and/or recirculated water. Another

alternative is a central sensor in a common inflow water for multiple hybrid

devices in a system. In these cases there are several different options such

as having one sensor locally on either the hot or cold water inflow, or one

sensor in the reservoir tank holding inflow water and/or recirculated water.

As hinted above, the method according to the present invention may

also involve additional regulation features. According to one specific

embodiment, there is provided an additional input from a sensor so that the

reliability is even further increased.

Furthermore, the regulation method may further be adjusted based on

some parameters. One such is temperature. As cold contaminated water has

a low energy content in comparison to hot contaminated water, it may also be

of interest that the regulation also take the temperature of the water into

account for the regulation. As such, the limit value may be dependent on the

temperature of the water. Furthermore, also the water flow may be a

parameter for which the method may be adjusted. In this case it is more a

question of finding the best timing in when going from recirculation mode to

separation mode and vice versa. As such, the regulation method according to

the present invention may also involve means of delay when operation is

going from recirculation mode to separation mode or vice versa. Delay may

be incorporated based on inter alia the length of a semi-open water supply

line, which at its end has an opening for flowing water to separation when the



water is not clean enough, so that the timing to go from recirculation mode to

separation mode or vice versa is optimized to the flow.

Moreover, e.g. the measured difference in pressures over the filter(s)

may also be used for the regulation. As such the durability of the filters may

be increased and filter fractures may be prevented.

The water quality parameter may be one or several parameters.

Examples are density, surface tension, conductivity, osmotic pressure,

detergency or turbidity. Conductivity is a preferred parameter to use as this

may be measured by conductivity sensors, such as electrical conductivity

(EC) sensor(s), which are an effective alternative both in terms of system

solution and cost.

Detailed description of the drawings

Fig. 1 shows a simplified flow chart for a hybrid device in which the

regulation method according to one or more embodiments of the present

invention may be conducted. In this case the hybrid device is a shower. Water

is flowed into the system via cold and a hot line. The water is fed into a

reservoir tank. Already on the inflow lines or in the tank there may be a

sensor positioned. This sensor may be the sensor for deciding the limit value

when a separate sensor is used for that. From the reservoir tank the water

may be pumped through a purification unit, typically comprising one or

several filters, such as e.g. one pre-filter and one nanofilter. The purified

water is used in the shower and flows into a collecting unit in the floor drain.

Such a water collecting unit may typically comprise a semi-open water supply

line which at its end has openings linked to separation or recirculation. In the

semi-open water supply line there is provided one or more sensors (see fig. 1

below the shower). In the sensor or sensors in this point of the hybrid device

the instantaneous value is measured, but also the limit value may be decided

by use of e.g. moving average.

If the water is clean enough then the water is recirculated to the

reservoir tank, otherwise the water is separated off and possibly further

processed by purification or treatment or simply discarded to a drain.



A sensor may e.g. also be arranged in other locations of the hybrid

device, such as indicated after the filter(s). This may be arranged to provide

for even further dynamic regulation.

As mentioned above, the water quality parameter may be conductivity

and the sensors electrical conductivity (EC) sensor(s) comprising electrode

pairs. As the EC sensor(s) may be linked to a reference changing over time

the possible problem of fouling may be limited or eliminated. As such it is

according to the present invention possible to run measurements of the

conductivity even with layers of fat and other depositions on the sensor

electrodes. Therefore, the present invention provides a "smart system" in

which it is possible to differentiate dirt on electrodes from dirt/contaminants in

the water.

It relation to use of the conductivity and the EC sensors it may further

be said that these may be directed to measurement of resistance and where

the conductivity then is obtained by conversion of the measured value(s) of

resistance. The hybrid device may further comprise a micro processor to

which the EC senor(s) are connected. Furthermore, it should also be said that

the conductivity may also be used to measure other parameters besides

water quality, such as level and flow.

In relation to the regulation method according to the present invention it

should be noted that this method may be utilized on several related flows in

one and the same hybrid device, such as a shower. As an example, the water

from the bottom floor of a hybrid shower may e.g. be collected in multiple

different collecting points having individual measuring points.

In fig. 2 there is shown one regulation loop according to one

embodiment of the present invention. As may be noted from the blocks, there

are several different possibilities according to the present invention, such as

deciding the limit value in the same measuring point as for the instantaneous

value or in another measuring point and e.g. using different forms of statistical

processing. Furthermore, the step of deciding the limit value may also

comprise taken into account other additional measuring parameters, such as

temperature, pressure drop and/or flow, to adjust the regulation method.



In fig. 3 there is shown a graph of one regulation according to the

method of the present invention, which in this case is performed in a hybrid

shower device according to the present invention. As notable, the dotted line

represents the limit value of the water quality over the period when the

regulation is performed. The black line represents the actual water quality

measurement in that point where this is measured during the same period of

time.

First the system is dry and that is the reason why the actual

measurement value is so comparatively low. Then water is pumped into the

system and then the measured value, which is conductivity in this case,

increases to another level. During the period of time different disturbances

where incorporated, such as e.g. shampooing performed by the user

showering. When this is performed the measurement of the water quality

increases and creates a peak before going back again when the shampooing

has been stopped by the user. As should be understood, a higher value

implies a lower level of water quality, i.e. a less clean water or at least a water

less suitable to recirculate in the system.

Furthermore, it may also be seen that the limit value changes over time

based on the actual measurement value. Although this change of the limit

value is quite small, which is desirable, it still is effected by the actual

measurement value of the water quality over time. As such, the limit value is

not given as a set fixed value in the system, but is actually dependent on the

water used in the system and also the actual usage of the system, such as by

shampooing by the user or the like.



Claims

1. A method for regulation of a hybrid device allowing purification and either

recycling or separation of water, said method comprising:

- measuring a water quality parameter in water in the hybrid device in a

measuring point;

- deciding the limit value of the water quality parameter based on

measurement of the water quality parameter, said limit value being a

reference for a limit value for clean water; and

- if the water quality parameter in the measuring point is outside of the limit

value of the water quality parameter then separating off the water, and

otherwise recycling the water in the hybrid device.

2 . The method according to claim 1, wherein the measurement of the water

quality parameter for deciding the limit value is performed in a measuring

point in which an instantaneous value of the water quality parameter is

measured.

3 . The method according to claim 1, wherein the measurement of the water

quality parameter for deciding the limit value is performed in another

measuring point than a measuring point in which an instantaneous value of

the water quality parameter is measured.

4 . The method according to any of claims 1-3, wherein the limit value is set by

statistical processing.

5 . The method according to any of claims 1-4, wherein measuring values or

groups which correspond to evidently contaminated water are filtered off all

other measuring values or groups.

6 . The method according to any of claims 1-5, wherein the limit value of the

water quality parameter is decided by calculating moving average.



7 . The method according to any of claims 1-6, wherein the regulation also

comprises prediction, and wherein separating or recycling of the water also is

based on a predicted future value of the water quality parameter.

8 . The method according to any of the preceding claims, wherein the

measuring point for obtaining an instantaneous value of the water quality

parameter is performed in or after a water collecting unit.

9 . The method according to any of claims 3-8, wherein deciding the limit value

of the water quality parameter is performed by measuring the water quality

parameter in a position and at a time when clean water is present.

10 . The method according to any of claims 3-9, wherein the measurement of

the water quality parameter for deciding the limit value is performed in an

inflow of water to the hybrid device.

11. The method according to any of claims 3-9, wherein the measurement of

the water quality parameter for deciding the limit value is performed in a

reservoir tank holding inflow water and/or recirculated water.

12 . The method according to any of the preceding claims, wherein the

regulation in the method is adjusted based on water temperature, pressure

drop over filter(s) and/or water flow.

13 . The method according to any of the preceding claims, wherein the

regulation in the method involves means of delay when operation is going

from recirculation mode to separation mode or vice versa.

14 . The method according to any of the preceding claims, wherein the water

quality parameter is density, surface tension, conductivity, osmotic pressure,

detergency or turbidity.



15 . The method according to claim 14, wherein the water quality parameter is

conductivity.

16 . The method according to claim 15, wherein the water quality parameter

conductivity which is measured in electrical conductivity (EC) sensor(s).
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