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Fig. 1

tecting detergent present in process water in a household appliance for wash-
ing and rinsing goods. To this end, turbidity of the process water is measured
(S101), which measured turbidity signal indicates the presence of detergent
in the process water. Subsequently noise level of the measured turbidity sig-
nal is determined (S102), which noise level indicates type of detergent
present in the process water. Field tests have shown that detection of the par-
ticular type of detergent used in a household appliance for washing and rins -
ing goods, i.e. whether distinction can be made between liquid/gel or
tablet/powder detergent disposed in water for washing the goods, is difficult
by means of analyzing the measured level of turbidity, which typically is
measured by a turbidity sensor. Advantageously, by measuring the turbidity
of the water and subsequently analysing the measured turbidity signal to de-
termine noise levels in the measured turbidity signal output from the turbid-
ity sensor, it is possible to distinguish between liquid/gel detergent on the
one hand and tablet/powder detergent on the other.
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TURBIDITY SENSOR DETECTING DETERGENT

TECHNICAL FIELD

The invention relates to a method of, and device for, detecting detergent present in

process water in a household appliance for washing and rinsing goods.

BACKGROUND

Dishwashers and washing machines are household appliances for automatically washing
articles such as for instance plates, glasses or cutlery in case of a dishwasher, and sheets,
clothes or other garments in case of a washing machine. In order to perform washing of
the articles contained in the household appliance, a detergent is introduced into a
detergent container or receptacle before washing commences and water is supplied to
the appliance. The detergent may be of ditferent types, such as powder, liquid, gel or
tablets. In various applications, it may be desirable to distinguish between different types

of detergent used in the household appliance.

EP 2 206 457 discloses use of a turbidity sensor to detect the presence and the type of
detergent added to a wash cycle in a dishwasher at least for a short time subsequent to
detergent release to avoid starting a washing cycle without detergent. By means of
monitoring turbidity, it can be determined whether no detergent is used, detergent with

polymers is used or detergent without polymers is used.

SUMMARY

An object of the present invention is thus to provide an improved method and device
tor detecting detergent used in a household appliance such as a dishwasher or a washing

machine.

This object is attained according to a first aspect of the present invention by a method
of detecting detergent present in process water in a household appliance for washing
and rinsing goods. The method comprises the steps of measuring turbidity of the
process water, the measured turbidity signal indicating the presence of detergent in the
process water, and determining noise level of the measured turbidity signal, which noise

level indicates type of detergent present in the process water.
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This object is attained according to a second aspect of the present invention by a device
tor detecting detergent present in process water in a household appliance for washing
and rinsing goods. The device comprises a turbidity sensor arranged to measure
turbidity of the process water, the measured turbidity signal indicating the presence of
detergent in the process water. The device further comprises a processor
communicatively connected to the turbidity sensor, which processor is arranged to
determine noise level of the measured turbidity signal, which noise level indicates type

of detergent present in the process water.

Field tests have shown that detection of the particular type of detergent used in a
household appliance for washing and rinsing goods, i.e. whether distinction can be made
between liquid/gel or tablet/powder detergent disposed in water for washing the goods,
is difficult by means of analyzing the measured level of turbidity, which typically is
measured by a turbidity sensor. Advantageously, to this end, by measuring the turbidity
of the water and subsequently analysing the measured turbidity to determine noise levels
in the measured turbidity signal output from the turbidity sensor, it has shown to be
possible to distinguish between liquid/gel detergent on the one hand and tablet/powder

detergent on the other.

In the following, the household appliance in the context of which the present invention

is discussed is exemplified in the form of a dishwasher.

In an embodiment of the present invention, the turbidity of the process water is
measured during a predetermined time period subsequent to an expected release of
detergent into the process water. Advantageously, point of detergent release is known
tor any given washing cycle in dishwashing machines and, furthermore, that the
turbidity of the process water contained in the dishwasher is a reliable indication of the
presence of detergent at least for a certain time period subsequent to the detergent
release. Within this predetermined time period, little or no soil is dissolved in the dish-
washing water. Consequently, the initial increase in turbidity of the dish-washing water is
only, or at least for the major part, due to the presence of released detergent particles. It
detergent should be missing, there will be little or no turbidity during this relatively short

time period.
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In a turther embodiment of the present invention, determination of noise level of the
measured turbidity signal comprises determining momentary turbidity value and average
turbidity value of the process water over a specitfied time period. The noise level is thus
calculated as a difference value between the momentary turbidity value and average

turbidity value over the specified time period.

In yet a further embodiment, the calculated noise level is compared to one or more
threshold values to determine the type of detergent present in the process water; a

particular type of detergent corresponds to a particular noise threshold value.

In still another embodiment, the amount of detergent in the process water is further
measured. Then, it is determined whether quality of the process water is adequate on the
basis of the measured amount of detergent in the process water and the type of
detergent used. If the quality of the process water is determined to be adequate, at least
a part of the process water is stored for re-use in a following program cycle in the

dishwasher.

This embodiment is particulatly advantageous in that it further solves the problem of
how to reduce water consumption by means of process water re-use in a dishwasher.
However, there are some typical problems associated with the storage of water
containing at least some organic residues such as bad smell, tank fouling and hydraulic
components clogging, bacteria proliferation and hygienic issues. In other proposed
solutions these problems have been addressed with more or less advanced purification
and/or disinfection treatments, e.g. filtration, UV or ozone treatments, for the reduction
or prevention of the fouling problems. An acceptable or good quality of the process

water can be attained if the bacteria growth over time is low.

To save water, it would be preferred to store process water in the dishwasher from one
cycle to the next. However, to safely store (say for a maximum of 48 hours) more or less
soiled process water in a dishwater tank, the water needs to be treated in order to
prevent bacterial growth. It can be concluded that detergent in the water slows down
the bacterial growth. Investigations show that detergents that are safe to use are powder
and tablet detergent, while liquid/gel detergent is not safe to use, because thete is no
bleach in liquid/gel detergent which prohibits the bactetial growth in the process water.

Thus, in order to apply re-use of process water in a dishwasher (or washing machine) it
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is important to able to distinguish between liquid/gel detergent on the one hand and
tablet/powder detergent on the other, as advantageously is facilitated by the present

invention.

By the expression “process water” as used herein, is meant a liquid containing mainly
water that is used in and circulates in a water consuming household appliance for
washing and rinsing goods. The process water is water that may contain detergent
and/or rinse aid in a varying amount. The process water may also contain soil, such as
tood debris or other types of solid particles, as well as dissolved liquids or compounds.
Process water used in a main wash cycle is sometimes referred to as the wash liquid.
Process water used in a rinse cycle is sometimes referred to as cold rinse or hot rinse

depending on the temperature in the rinse cycle.

By the expression “quality of the process water” as used herein, is meant an indication
of to what degree bacteria growth may take place in the process water. The probability
of bacteria growth in the process water depends on several different parameters. The
quality of the process water may be determined by measuring and/or determining one
or more of such parameters that influence the quality of the process water, such as the
type of detergent used, the amount of detergent dosed, the amount of residual

detergent, the presence of rinse aid and the amount of soil, etc.

It is noted that the invention relates to all possible combinations of features recited in
the claims. Further features of, and advantages with, the present invention will become
apparent when studying the appended claims and the following description. Those
skilled in the art realize that different features of the present invention can be combined

to create embodiments other than those described in the following.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described, by way of example, with reference to the accompanying

drawings, in which:

Figure 1 illustrates a detergent detector in accordance with an exemplary embodiment of

the present invention;

Figure 2a shows experimental tests of tablet detergent dissolved in clean water;
Figure 2b shows experimental tests of powder detergent dissolved in clean water;
Figure 2c shows experimental tests of liquid detergent dissolved in clean water;

Figure 3a shows a flowchart illustrating a method of detecting detergent present in
process water in a household appliance according to an embodiment of the present

invention;

Figure 3b shows a flowchart illustrating a method of detecting detergent present in
process water in a household appliance according to another embodiment of the present

invention;

Figure 4 illustrates a dishwasher implementing the detergent detector of the present

invention for the purpose of reusing process water; and

Figure 5 shows a flowchart illustrating a method of detecting detergent present in
process water in a household appliance for the purpose of reusing process water

according to an embodiment of the present invention.

DETAILED DESCRIPTION

The invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which certain embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided by way of example so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. In the following, a

turbidity sensor is described as the element for detecting type of detergent in process
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water of a dishwasher according to embodiments of the present invention. However, it

should be noted that a conductivity sensor could be used for the same purpose.

Figure 1 illustrates a detergent detector 100 in accordance with an exemplary
embodiment of the present invention, which advantageously can be used for detecting
detergent according to embodiments of the present invention. The detergent detector
100 according to this exemplary embodiment, which is represented in the form of a
block diagram, comprises a turbidity sensor 120 for measuring the turbidity of a fluid
110 typically flowing in a transparent tube. The fluid will in the following be referred to
as process water. Furthermore, in the disclosed embodiment the detergent detector 100
comprises a data processing unit or processor 130 communicatively coupled to the
turbidity sensor 120. In the disclosed embodiment, the turbidity sensor 120 comprises a
light-emitting portion 210 and a light-receiving portion 220. The light-emitting portion
210 and the light-receiving portion 220 are positioned such that light emitted by the
tormer at least for the most part can propagate through the fluid 110 to reach the latter.
In the disclosed embodiment, the light-emitting portion 210 comprises a light source
211, such as a light emitting diode (LED) and a focusing lens 212. The focusing lens 212
may serve as a relatively simple means for collecting the light beams emitted by the light
source 211. The light emitted by the light source 211 at a radiant intensity I, propagates
along an optical path 111, a portion of which intersects the process water 110, and is
eventually received by the light-receiving portion 220. Along the optical path 111,
optical attenuation and scattering may occur, which may be a result of detergent
dissolved in the process water 110. Thus, the light beam exits the process water 110
with intensity I, which typically is comparatively lower than the radiant intensity I, of the

emitted light.

To detect the emitted light, the light-receiving portion 220 comprises a light-sensitive
element 221such as a phototransistor, a photodiode or a photoresistor. To prevent re-
scattered light from exciting the light-sensitive element 221, it may be preceded by a
collimator 222 or a similar device. A signal that encodes the radiant intensity of the
received light I can then be provided to the processor 130. As can be seen in Figure 1,
the processor 130 receives the two signals indicative of the radiant intensities of the
emitted and received light; I and I,,, respectively, and provides, on the basis of these two

signals, a signal indicative of the turbidity of the process water 110. In practice,
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transmittance of the process water 110 is calculated by comparing the radiant intensity
(radiated power per unit solid angle) I, of the emitted light and the radiant intensity I of
the received light using the by calculating I/1, . The turbidity generally refers to
concentration of light-scattering or light-absorbing particles suspended in the process
water 110. If turbidity increases in the process water 110 then, for a given wavelength,
the transmittance generally decreases in dependence of, e.g.: the diameter distribution of
the suspended particles, the refractive index of the suspended particles, and the surtface
properties of the suspended particles. Thus, the transmittance is indicative of the
turbidity of the process water 110 via an empirical transmittance-turbidity curve. Thus, a

momentary turbidity value can be output from the processor 130.

Now, in embodiments of the present invention, the processor is configured to analyse
noise level of the measured turbidity signal and on the basis of the analysed noise level

determine which type of detergent is dissolved in the process water.

Reference is made to Figure 2a, which shows experimental tests of tablet detergent of a
plurality of different brands or doses dissolved in clean water over time. First, a pre-
wash with no detergent is performed. After approximately 800 seconds, main wash
commences. Detergent is released after roughly another 100 seconds. Turbidity is
shown on the left-hand vertical axis, while temperature of the process water is shown
on the right-hand vertical axis. Further, Figure 2b shows powder detergent of a plurality
of different brands or doses dissolved in clean water over time. Finally, Figure 2¢ shows
liquid detergent of a plurality of different brands dissolved in clean water over time. As
can be concluded from these experimental tests, regardless of which type of detergent
being used, be it liquid, powder or tablets, the turbidity appears to take on a value in the
range of 3.5-4.5V (calibrated to give 4.5 V in clean water in this particular test). It is thus

difficult from the turbidity value itself to determine which type of detergent is used.

However, it can be seen in Figures 2a and b that the noise level of the turbidity signal is
higher than that illustrated in Figure 2c. In an embodiment of the present invention, the

noise level of the turbidity signal is calculated as:
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i=t+L
1 2
Noise level = T Z U (8) — Uturb @I,
3 T
i=t—>

2

where Upyypis a running average of the turbidity signal calculated as:

_ 1 .
Uturp (t) = ? Z Uturp (l),

tor an appropriately selected time period T.

Thus, by having the processor 130 calculate the noise level of the respective turbidity
signal illustrated in Figures 2a-c in accordance with embodiments of the present
invention and optionally compare the noise level to one or more noise threshold values,
it can be determined on the one hand whether tablets or powder is used (resulting in a
higher noise value) or on the other hand whether liquid detergent is used (resulting in a
lower noise value). This information may be transferred to other components in the

household appliance for further action to be taken.

Figure 3a shows a flowchart illustrating a method of detecting detergent present in
process water in a household appliance such as a dishwasher according to an
embodiment of the present invention. In a first step S101, the turbidity sensor 120
measures turbidity of the process water. In practice, timing of various measurements is
controlled by the processor 130 which is communicatively connected to the turbidity
sensor 120, and thus has the capacity to control emission of the light source 211. The
measured turbidity indicates the presence of detergent in the process water. Thereafter,
in step S102, the processor 130 determines noise level of the measured turbidity signal.
The determined noise level advantageously indicates type of detergent present in the

process water, as has been illustrated in Figures 2a-c.

Figure 3b shows a flowchart illustrating a method of detecting detergent present in
process water in a household appliance such as a dishwasher according to a further
embodiment of the present invention. After the processor 130 determines noise level of

the measured turbidity signal in step S102, the processor 130 performs the further step
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S103 of comparing the noise level to at least one noise threshold value to determine the
type of detergent present in the process water, wherein a particular type of detergent

corresponds to a particular noise threshold value.

In a turther embodiment of the present invention, the detergent detector 100 of Figure
1 determines, from the measured turbidity signal and/or the noise level of the measured

turbidity signal, the amount of detergent dissolved in the process water.

Thus, a detergent detector 100 according to the present invention is advantageously
implemented in a household appliance such as e.g. a dishwasher or a washing machine.
In practice, the processor is arranged to execute a computer program 117 downloaded
to a suitable storage medium 116 associated with the microprocessor, such as a RAM, a
Flash memory or a hard disk. The processor 130 is arranged to at least partly carry out
the method according to embodiments of the present invention when the appropriate
computer program 117 comprising computer-executable components is downloaded to
the memory 116 and executed by the processor 130. The storage medium 116 may be a
computer program product comprising the computer program 117. Alternatively, the
computer program 117 may be transferred to the storage medium 116 by means of a
suitable computer program product, such as a memory stick. As a further alternative,
the computer program 117 may be downloaded to the storage medium 116 over a
network in case the appliance is arranged with such facilities. The processor 130 may
alternatively be embodied in the form of an application specific integrated circuit
(ASIC), a field-programmable gate array (FPGA), a complex programmable logic device
(CPLD), etc. It should be noted that the detergent detector 100 of the present invention
may employ a processor already available in the household appliance for carrying out

the present invention.

In a further embodiment the present invention, water saving in a water consuming
household appliance is achieved. This embodiment is based on the insight that a
decision whether to save process water in a household appliance tank or not has to be
taken based on the determined quality of that process water. This determination is done
by comparing at least one turbidity sensor output value related to the type and amount
of detergent dosed with a predetermined threshold value that is related to the quality of

the process water, as has been described in the above. If the quality aspects on the
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process water are complied with, the process water to be stored is pumped to the tank.
The quality aspects are mirrored by the predetermined threshold value that the
measured values have to comply with. In this way, a method of handling process water
trom a rinse cycle in a household appliance performing washing and rinsing of goods is
provided. By selectively storing at least a part of the process water with a determined
quality from a rinse cycle, cold or hot, the risk of bad smell and bacteria proliferation is
minimized for a defined period of time. Subsequently, the process water stored in the
tank is reused in a following program cycle. An advantage with the method is that it
would result in significant water saving of per performed wash program with a reduced
risk to experience bad smell from the household appliance caused by bacteria

proliferation in the tank.

This embodiment is illustrated in Figure 4 showing a household appliance 300, i.e. a
dishwasher. The dishwasher comprises a wash tub 301 for receiving goods to be washed
therein. The dishwasher is provided with a tank 302 for storing at least a part of the
rinse water from a cold rinse cycle and/or a hot rinse cycle. A detergent detector 100 as
has been described in detail hereinabove is provided in the dishwasher to carry out
measurements and/or detections on the process water in the appliance in order to
detect the type of detergent being used. The detergent detector 100 may further measure
the amount of detergent in the process water circulating in the household appliance 300.
In an embodiment of the invention, the detergent dosed by the consumer is measured.
This measurement is generally performed as soon as the main wash cycle has started,
since it is at that point the detergent is released from the detergent container and then
dissolves in the process water. The detergent detector 100 is positioned in the sump or
in the piping just before or after the pump distributing the process water out to the

wash arms in the wash tub.

The measuring or sensing may take place at certain occasions during a wash program or
be a continuous process such that the turbidity and the noise level of the turbidity signal
of the process water are constantly monitored. A determination takes place wherein the
noise level of the measured turbidity signal and the amount of detergent dissolved in the
process water stipulates whether the quality of the process water is adequate for reuse.
For instance, the noise level of the turbidity signal indicates whether powder/tablets or

liquid/gel detergents have been dissolved in the process water. If it is concluded that the
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type of detergent dissolved is powder or tablets, the measured amount of detergent is
considered for determining whether the process water quality is adequate; if the
measured amount exceeds an acceptance threshold value, the quality is regarded as
adequate. Process water is then pumped by a pump 303 to the tank 302 for reuse in a
tollowing program cycle. Should the process water not be considered adequate, it is

discarded through an outlet drain 304.

Figure 5 shows a flowchart illustrating a method of detecting detergent present in
process water in a household appliance, such as a dishwasher, for the purpose of reusing
process water according to an embodiment of the present invention. After the
processor 130 determines noise level of the measured turbidity signal in step S102, and
optionally after having performing the further step S103 of comparing the noise level to
at least one noise threshold value to determine the type of detergent present in the
process water, the microprocessor 130 further determines the amount of detergent in
the process watet in step S104 by analysing the turbidity and/or the noise level.
Thereafter, in step S105, the processor 130 determines whether quality of the process
water is adequate on the basis of the amount of detergent in the process water and the
type of detergent present. If that is the case, at least a part of the process water is stored

in step S106 for re-use in a following program cycle.

Even though the invention has been described with reference to specific exemplifying
embodiments thereof, many different alterations, modifications and the like will become
apparent for those skilled in the art. The described embodiments are therefore not

intended to limit the scope of the invention, as defined by the appended claims.
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CLAIMS

1. A method of detecting detergent present in process water in a household
appliance for washing and rinsing goods, the method comprising the steps of:
measuring (S101) turbidity of the process water, the measured turbidity signal
indicating the presence of detergent in the process water; and
determining (§102) noise level of the measured turbidity signal, which noise level

indicates type of detergent present in the process water.

2. The method of claim 1, wherein the turbidity of the process water is measured
during a predetermined time period subsequent to an expected release of detergent into

the process water.

3. The method of any one of the preceding claims, wherein the step of determining
(8102) noise level of the measured turbidity signal comprises:

determining, over a specified time period, momentary turbidity value and average
turbidity value of the process water, wherein the noise level is calculated as a ditference
value between the momentary turbidity value and average turbidity value over the

specified time period.

4. The method of any one of the preceding claims, further comprising the step of:
comparing (S103) the noise level to at least one noise threshold value to
determine the type of detergent present in the process water, wherein a particular type

of detergent corresponds to a particular noise threshold value.

5. The method of any one of the preceding claims, further comprising the step of:

determining (§104) the amount of detergent in the process water.

6.  The method of claim 5, further comprising the steps of:

determining (S105) whether quality of the process water is adequate on the basis
of the amount of detergent in the process water and the type of detergent present, and if
503

storing (S100) at least a part of the process water for re-use in a following

program cycle.



10

15

20

25

WO 2013/144381 PCT/EP2013/057861

13

7. A device (100) for detecting detergent present in process water in a household
appliance for washing and rinsing goods, the device comprising:
a turbidity sensor (120) arranged to measure turbidity of the process water, the
measured turbidity signal indicating the presence of detergent in the process water; and
a processor (130) communicatively connected to the turbidity sensor, which
processor is arranged to determine noise level of the measured turbidity signal, which

noise level indicates type of detergent present in the process water.

8. The device (100) of claim 7, wherein the turbidity of the process water is
measured during a predetermined time period subsequent to an expected release of

detergent into the process water.

9. The device (100) of claims 7 or 8, said processor (130) further being arranged to:
determine, over a specified time period, momentary turbidity value and average
turbidity value of the process water; and
calculate the noise level as a difference value between the momentary turbidity

value and average turbidity value over the specified time period.

10.  The device (100) of any one of claims 7-9, said processor (130) further being
arranged to:

compare the noise level to at least one noise threshold value to determine the type
of detergent present in the process water, wherein a particular type of detergent

corresponds to a particular noise threshold value.

11. The device (100) of any one of claims 7-10, said processor (130) turther being
arranged to:

determine the amount of detergent in the process water.

12. The device (100) of claim 11, said processor (130) turther being arranged to:
determine whether quality of the process water is adequate on the basis of the

amount of detergent in the process water and the type of detergent present, and if so;
effect storage of at least a part of the process water for re-use in a following

program cycle.
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13. A dishwasher (300) comprising a device (100) for detecting detergent according to

any of the claims 8-12.

14. A computer program (117) comprising computer-executable components for
causing a device (100) to perform at least parts of steps recited in any one of claims 1-7
when the computer-executable components are run on a processing unit (130) included

in the device.

15. A computer program product (116) comprising a computer readable medium, the
computer readable medium having the computer program (117) according to claim 14

embodied therein.
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