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(54) Detection of detergent

(57)  Adish-washing machine (400) comprising a de-
tergent detector (100) is disclosed. The detergent detec-
tor (100) comprises a turbidity sensor and a processor
communicatively coupled to the turbidity sensor. The tur-
bidity sensor may include a light source for emitting light,
and a light-sensitive element for receiving light emitted
from the light source. The light source and the light-sen-
sitive element are advantageously positioned relative to
each other so that, when the light source is in operation,
light emitted from the light source propagates through a

Turb *

fluid contained in the dish-washing machine on its way
to the light sensitive element. The light-sensitive element
is configured to measure the radiant intensity of light re-
ceived at the light-sensitive element. The processor is
configured to compare the radiant intensity of the light
emitted from the light source with the radiant intensity of
the light received at the light-sensitive element and,
based on this information, to determine a turbidity value.
Furthermore, the processor is configured to interpret the
turbidity value as an indication of the presence of deter-
gent in the fluid.
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Description
TECHNICAL FIELD

[0001] The present invention generally relates to a
dish-washing machine for washing dishware and, more
particularly, to a detergent detector for detection of the
presence of detergent in a fluid, or liquid medium, con-
tained in the dish-washing machine.

BACKGROUND

[0002] Adish-washing machineis anapparatus for au-
tomatically washing dishware such as plates, glasses,
cuttery and other utensils used in, e.g., cooking or serv-
ing. In order to perform washing of the dishware, a de-
tergent can be introduced into a detergent container
(a.k.a detergent receptable) or the like and water can be
supplied. The detergent may be of different types, such
as powder, gel or tablets. Sometimes users forget to add
the detergent before starting the washing cycle for wash-
ing the dishware. Generally, this leads to the dishware
still being soiled or unclean after the washing cycle has
finished. This may lead to wasteful water and energy con-
sumption, as the washing will have to be repeatedin order
to clean the dishware. In turn, this may lead to frustrated
users. As users may have forgotten whether they added
detergent or not before starting the washing cycle, this
user frustration is sometimes even worse. Furthermore,
if users have forgotten whether they added detergent or
notthey may draw the erroneous conclusion that the dish-
washing machine is malfunctioning even if the unclean
dishware is the result of the lack of detergent.

SUMMARY

[0003] It is with respect to the above considerations
and others that the present invention has been made.
The presentinvention seeks to mitigate, alleviate or elim-
inate one or more of the above-mentioned deficiences
and disadvantages singly or in combination. In particular,
it would be desirable to achieve an improved device
and/or method for avoiding or at least reducing user frus-
tration. It would also be desirable to achieve an improved
device and/or method for avoiding possible service calls
to operators in situations where the bad cleaning result
is the result of the lack of detergent, in contrast to a sit-
uation where the dish-washing machine really malfunc-
tions.

[0004] To better address one or more of these con-
cerns, a detergent detector, a method and a computer-
program product having the features defined in the inde-
pendent claims are provided. Embodiments of the
present invention are defined in the dependent claims.
[0005] In accordance with a first aspect of the inven-
tion, there is provided a detergent detector for detection
of the presence of detergent in a fluid contained in a dish-
washing machine, wherein the detergent detector com-
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prises: a turbidity sensor configured to measure the tur-
bidity of a fluid during a predetermined time period sub-
sequent to an expected release of detergentinto the fluid,
the turbidity being indicative of the presence of detergent
in the fluid; and a processor communicatively connected
to the turbidity sensor, the processor being configured to
determine a turbidity value based on the measured tur-
bidity and to interpret the turbidity value as an indication
of the presence of detergent.

[0006] It should be appreciated that the above-men-
tioned expected release of detergent may include multi-
ple expected releases of detergent.

[0007] The presentinventionis based onthe inventors’
realization that the point of detergent release is known
for any given washing cycle in dish-washing machines
and, furthermore, that the turbidity of the fluid contained
in the dish-washing machine is a reliable indication of the
presence of detergent, at least for a relatively short time
period (e.g. 120-300 seconds) subequent to the deter-
gent release. Within this relatively short time period, very
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 undissolved solid detergent particles.
On the other hand, if detergent is missing, there will be
no or very little turbidity during this relatively short time
period. Hence, by monitoring the measured turbidity of
the fluid during this period, it is possible to establish or
detect whether detergent has been added or not.
[0008] Inoneembodiment, the predetermined time pe-
riod is less than or equal to 300 seconds, such as less
than or equal to 120 seconds. It is within this time period
that the turbidity gives the best, or most reliable, indica-
tion of the presence of detergent. After this period, the
turbidity of the fluid is increasingly influenced by other
particles in the fluid, such as soil from dishware, and
hence the indication of the presence of detergent be-
comes less reliable the longer the time period is.
[0009] In one embodiment, the turbidity sensor is con-
figured to measure the turbidity of the fluid continuously.
This way, turbidity variations can be monitored over the
predetermined time period. After the detergent release,
the turbidity will vary over the predetermined time. In ad-
dition, the inventors have found that variations in the tur-
bidity over this predetermined time period are distinctive-
ly different for different detergent types. Thus, by contin-
uously monitoring the turbidity (which is indicative of the
presence of detergent) over the predetermined time pe-
riod and comparing it with known characteristics of dif-
ferent detergent types in advance, it may be possible to
interpret which detergent type is used.

[0010] Inone embodiment, the processoris configured
to communicate a signal indicative of the presence of
detergent to a controller forming part of a dish-washing
machine, the controller being communicativeley con-
nected to the processor and configured to control a wash-
ing program of the dish-washing machine in dependence
of the indication of the presence of detergent.



3 EP 2 206 457 A1 4

[0011] In one embodiment, the turbidity sensor com-
prises a light source for emitting light, the light having a
radiant intensity; and a light-sensitive element for receiv-
ing light emitted from the light source, the light source
and the light-sensitive element being positioned relative
to each other sothat, when the light source is in operation,
light emitted from the light source propagates through
the fluid on its way to the light sensitive element, wherein
the light-sensitive element is configured to measure the
radiant intensity of light received at the light-sensitive el-
ement. Furthermore, in this embodiment the processor
may be configured to compare the radiant intensity of the
light emitted from the light source with the radiant inten-
sity of the light received at the light-sensitive element and
to determine, based on this comparison, the turbidity val-
ue.

[0012] Inone embodiment, the processoris configured
to communicate a signal indicative of the presence of
detergent to a user interface, the user interface being
communicativeley connected to the processor and con-
figured to indicate the presence of detergent to a user.
The user interface may include a display screen. Thus,
the user can be informed whether detergent is present
in the dish-washing fluid or not.

[0013] Inoneembodiment, the processoris configured
to communicate a signal indicative of the presence of
detergent to a transmitter, the transmitter being commu-
nicativeley connected to the processor and configured
to transmit the signal indicative of the presence of deter-
gent to a receiver. The receiver may be external to the
dish-washing machine, in which the detergent detector
is employed.

[0014] In accordance with a second aspect of the in-
vention, there is provided a dish-washing machine com-
prising a detergent detector according to the above-men-
tioned first aspect of the invention.

[0015] In accordance with a third aspect, there is pro-
vided a method for detecting the presence of detergent
in a fluid contained in a dish-washing machine, wherein
the method comprises: measuring the turbidity of a fluid
during a predetermined time period subsequent to an
expected release of detergent into the fluid, the turbidity
being indicative of the presence of detergent in the fluid;
determining a turbidity value based on the measured tur-
bidity of the fluid; and interpreting the turbidity value as
an indication of the presence of detergent.

[0016] It should be appreciated that the above-men-
tioned expected release of detergent may include multi-
ple expected releases of detergent.

[0017] Inone embodiment,the predetermined time pe-
riod is less than or equal to 300 seconds, such as less
than or equal to 120 seconds.

[0018] Inoneembodiment, the step of measuring com-
prises continuously measuring the turbidity of the fluid,
so that turbidity variations can thereby be monitored over
the predetermined time period.

[0019] Inoneembodiment, the method comprises con-
trolling a washing program of the dish-washing machine
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in dependence of the indication of the presence of deter-
gent.

[0020] In one embodiment, the method comprises:
emitting light, having a radiant intensity, at a light source;
receiving light from the light source, at a location to which
the light propagates through the fluid, and measuring the
radiant intensity of the received light; and comparing the
radiant intensity of the light emitted from the light source
with the radiant intensity of the light received at the light-
sensitive element for determing the turbidity value.
[0021] In one embodiment, the method comprises
communicating a signal indicative of the presence of de-
tergent to a user interface for indicating the presence of
detergent to a user.

[0022] In one embodiment, the method comprises
communicating a signal indicative of the presence of de-
tergent to a transmitter for transmitting the signal to a
receiver.

[0023] Inaccordance with a fourth aspect of the inven-
tion, there is provided a computer-program product com-
prising software instructions which, when executed in an
apparatus having computer capabilities, perform the
method according to the third aspect of the invention.
[0024] In one embodiment, the computer-program
product comprises computer program code means, com-
prising:

- code means for causing a turbidity sensor to meas-
ure the turbidity of a fluid during a predetermined
time period subsequent to an expected release of
detergent into the fluid, the turbidity being indicative
of the presence of detergent in the fluid,

- code means for causing a processor to determine a
turbidity value based on the measured turbidity of
the fluid, and

- code means for causing the processor to interpret
the turbidity value as an indication of the presence
of detergent.

[0025] Inone embodiment, the predetermined time pe-
riod is less or equal to 300 seconds, preferably less or
equal to 120 seconds.

[0026] The computer-program product may further
comprise:

- code means for causing the turbidity sensor to con-
tinuously measure the turbidity of the fluid.

[0027] The computer-program product may further
comprise:

- code means for causing a light source to emit light,
the light having a radiant intensity;

- code means for causing a light-sensitive element to
receive light from the light source, at a location to
which the light propagates through the fluid, and for
causing the light-sensitive element to measure the
radiant intensity of the received light, and
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- code means for causing the processor to compare
the radiant intensity of the light emitted from the light
source with the radiant intensity of the light received
at the light-sensitive element for determing the tur-
bidity value.

[0028] Generally, the second, third and fourth aspects
may exhibit the same advantages and features as the
first aspect.

[0029] These and other aspects of the invention will
be apparent from and elucidated with reference to the
illustrative embodiments described hereinafter.

[0030] Generally, all terms used herein are to be inter-
preted according to their ordinary meaning in the techni-
cal field, unless explicitly defined otherwise herein. All
references to "a/an/the [element, device, component,
means, step, etc.]" are to be interpreted openly as refer-
ring to at least one instance of the element, device, com-
ponent, means, step, etc., unless explicitly stated other-
wise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Embodiments of the present invention will now
be described in more detail, reference being made to the
enclosed drawings, in which:

FIG. 1 is a block diagram of a detergent detector in
accordance with an embodiment of the invention;
FIG. 2 is a graphical representation of the depend-
ence of transmittance on turbidity for an exemplary
case;

FIG. 3 is a graphical representation of the relation-
ship between detergence presence and turbidity dur-
ing a certain time period.

FIG. 4 shows a dish-washing machine comprising
the detergent detector of FIG 1; and

FIG. 5 is a flow chart of a method of measuring the
turbidity of a fluid according to an embodiment of the
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which certain embodiments of the inven-
tion are shown. This invention may, however, be embod-
ied 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. Furthermore, like numbers refer to like ele-
ments throughout.

[0033] FIG. 1 illustratively shows a detergent detector
100 in accordance with an exemplary embodiment of the
invention. The detergent detector 100 according to this
exemplary embodiment, which is here represented in
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block-diagram form, comprises a turbidity sensor 120 for
measuring the turbidity of a fluid 110. Furthermore, in the
disclosed embodiment the detergent detector 100 com-
prises a data processing unit or processor 130 commu-
nicatively coupled to the turbidity sensor 120. It should
be appreciated that the detergent detector 100 may fur-
ther include or be coupled to a power supply section, a
clock and similar auxiliary components. However, these
components have been intentionally omitted from the
drawings, since they are not considered necessary for
explaining the principles of the present invention. Fur-
thermore, the addition of such components is considered
to belong to the common general knowledge of persons
skilled in the art.

[0034] In the disclosed embodiment, the turbidity sen-
sor 120 comprises a light-emitting portion 210 and a light-
receiving portion 220. The light-emitting 210 and light-
receiving 220 portions are so positioned that light emitted
by the former, 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 and afocusing lens 212. The light source
211 may be subject to certain requirements regarding
dimensions, reliability and power consumption, and can
advantageously be realised as a solid-state light source
such as a light-emitting diode (LED). The focusing lens
212 may serve as a relatively simple means for collecting
the light beams emitted by the light source 211 into a
parallel or substantially parallel beam. Different focusing
means could be envisaged, such as a collimator or an
assembly of several lenses. The light emitted by the light
source 211, ataradiantintensity /;, may propagate along
an optical path 111, a portion of which intersects the fluid
110, and is eventually received by the light-receiving por-
tion 220. Along the optical path 241, optical attenuation
(which, as will be described hereinafter may, e.g., be the
result of detergent which is dissolved therein) may take
place along with scattering in various directions. Due to
attenuation and scattering, the light beam exits the fluid
110 with intensity /, which may be comparatively lower
than the radiant intensity /, of the emitted light.

[0035] Still with reference to the exemplary embodi-
ment disclosed in FIG. 1, the light-receiving portion 220
comprises a light-sensitive element 221, which may suit-
ably be a phototransistor for receiving light in a wave-
length range that is compatible with the light source 211.
The light-sensistive element 221 may be one from a
group comprising a phototransistor, a photodiode and a
photoresistor. Phototransistors and photodiodes are
both capable of emitting a voltage responsive to the ra-
diant intensity of light impinging on a light-sensitive sur-
face. The resistance of a photoresistor may vary in de-
pendence of the intensity of light hitting a light-sensitive
surface of the photoresistor. Hence, these components
are suitable for measuring the radiant intensity of re-
ceived light. To prevent re-scattered light from exciting
the light-sensitive element 221, this latter may advanta-
geously be preceded by a collimator 222 or a similar de-
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vice, which is capable of cutting out light not impinging
substantially on the optical axis 111. A signal that en-
codes the radiant intensity of the received light / can then
be provided to the processor 230.

[0036] Still with reference to Fig. 1, the detergent de-
tector comprises the processor 130. The processor 130
is configured to receive the two signals indicative of the
radiant intensities of the emitted and received light. That
is lyand /, respectively. In this embodiment, the processor
130 comprises a computing means 231. The computing
means 231 is configured to receive the two signals indic-
ative of the radiant intensities of the emitted and received
light and provide, on the basis of these, a signal indicative
of the turbidity of the fluid 110 to an output gateway 232.
The computing means 231 is configured to compute, or
calculate, the transmittance T of the fluid 110 by com-
paring the radiant intensity (radiated power per unit solid
angle) Iy of the emitted light and the radiant intensity / of
the received light using the following equation: T = I/,
The computing means 231 is configured to output a tur-
bidity value on the basis of the calculated transmittance.
Generally, as used herein the term turbidity refers to the
concentration of light-scattering or light-absorbing parti-
cles suspended in the fluid 110. If turbidity increases in
the fluid 110 then, for a given wavelength, the transmit-
tance generally decreases in dependence of, e.g.: the
wavelength, the diameter distribution of the suspended
particles, the refractive index of the suspended particles,
and the surface properties of the suspended particles.
Thus, the transmittance is indicative of the turbidity of the
fluid 110 via an empirical transmittance-turbidity curve,
such as the illustrative curve shown in FIG 2. FIG. 2
shows an exemplary curve of transmittance T (in per
cent) as a function of turbidity Turb (in arbitrary units) in
a range of interest.

[0037] Dissolved matter such as detergent in the form
of e.g. gels, powder or tablets generally attenuate light
travelling in the fluid 110. As described previously, the
point of expected detergent release (or rather, the open-
ing of the detergent receptable) is known for any given
washing cycle in dish-washing machines. Likewise as
described previously, the inventors have realized that
during a relatively short time period after the expected
detergent release (such as 120-300 seconds), very little
or no soil is suspended into the dish-washing water. Con-
sequently, the initial increase in turbidity of the dish-
washing water is only, or at least for the major part, due
to the detergent being incompletely dissolved in the fluid.
Onthe other hand, if detergent were missing, the turbidity
would be zero or very low during this relatively short time
period. Hence, by determining the turbidity of the fluid
110 during this period, it is possible to establish or detect
whether detergent has been added or not.

[0038] To this end, the processor 130 may comprise
a comparator or interpreting means 233 for interpreting
the turbidity value as an indication of the presence of
detergent. A signal indicative of the turbidity is provided
to the interpreting means 233 from the gateway 232. If
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the turbidity is determined to be less than a certain thresh-
old value, the interpreting means 233 will indicate that
no detergent is in the process of being dissolved in the
fluid 110. On the other hand, if there is a significant in-
crease in turbidity, then the turbidity value is determined
to be above the certain threshold value and the interpret-
ing means 233 will, accordingly, indicate that detergent
is being dissolved in the fluid 110.

[0039] The interpreting means 233 may be communi-
catively connected to a user interface 301, e.g. a display
screen, forming part of the dish-washing machine (see
FIG. 4). Thus, the user can be informed whether deter-
gent is present in the dish-washing fluid or not through
the user interface. Additionally, or alternatively, the inter-
preting means 233 may be communicatively connected
to a regulating means 302 forming part of the dish-wash-
ing machine. Additionally, or alternatively, interpreting
means 233 may be communicatively connected to a
transmitter 303 for transmitting a signal indicative of the
detergent presence to a receiver, which may be external
to the dish-washing machine.

[0040] FIG 3 is a graphical representation of the tur-
bidity (i.e. indicative of detergent presence) in the dish-
washing water during a predetermined time period of 120
seconds after detergent release into the fluid 110. In the
graph illustrated in FIG. 3, the turbidity (in arbitrary units)
is represented by the vertical axis. In the disclosed graph,
the turbidity is represented by a measured voltage, which
is indicative of the radiant intensity of light impinging on
a light-sensitive surface of the light-sensitive element
221. However, it should be appreciated that the turbidity
could bein any arbitrary units. The time (in seconds) after
detergent release is represented by the horizontal axis.
The point"0" indicates the release of detergent. The point
of detergent release is the point of time when the deter-
gent receptable is activated, i.e. opened, for introducing
the detergent into the dish-washing machine. As de-
cribed previously, the point of detergent release is known
in advance, i.e. known a priori, for any given washing
cycle in dish-washing machines.

[0041] The inventors have realized that different de-
tergents exhibit distinctively different behavior as regards
the measured turbidity in the dish-washing water, at least
for a relatively short time period such as 120 seconds
after the detergentrelease. The various curves represent
the turbidity increase (i.e., voltage drop in the illustrated
example) in fluid 110 due to detergent dissolution during
the relatively short time period after the detergent release
for three different detergent types. Curve A represents
the case where detergent is missing. In this case, the
voltage will not change significantly, since there will be
no apparent turbidity increase. Curve B illustrates a case
where a detergent without polymers is used. Such deter-
gent may, e.g., be powder or a tablet without polymers.
As can be seen, the turbidity increases (voltage drops)
gradually after the detergent has beenrealeased. Recent
development has shown the possibility of producing de-
tergenttablets, where different compositions such as pol-



9 EP 2 206 457 A1 10

ymers are added to the tablets in order to dissolve the
tablets at a faster rate. Curve C illustrates such a case
where the detergent includes polymers, e.g. a tablet with
polymers. When additional substances such as polymers
are present in the tablet, the polymers will break down
the tablet into a foam base solution when it gets into con-
tact with the water. The inventors’ have found that the
foam causes a relatively rapid increase in turbidity (thus,
a rapid voltage drop) as shown by Curve C.

[0042] In one embodiment, the turbidity sensor 120 is
therefore advantageously configured to measure the tur-
bidity value of the fluid 110 continuously, so that varia-
tions in the turbidity can thereby be monitored over the
predetermined time period of, e.g., the 120 seconds il-
lustrated in FIG. 3. By monitoring the variations over the
predetermined time period, it is possible to compare the
variations of a present turbidity increase with known char-
acteristics of different detergent types (i.e., Curve A,
Curve B or Curve C) to determine, or establish, which
detergent type that is used based on whether the present
turbidity increase follows Curve A, Curve B or Curve C.
[0043] To further illustrate use of a detergent detector
100 according to various embodiments of the invention,
FIG. 4 is a schematic view of an exemplary dish-washing
machine 400, or dishwasher, having a dishware com-
partment 410, in which spray arms 412, 414 are ar-
ranged. Washing fluid, such as water, can be supplied
via an inlet 416, at which a valve 418 is provided, and
can be discharged via the outlet 422 by means of a drain
pump 420. A system 428 for deliming can be provided in
the dish-washing machine 400. During operation, wash-
ing fluid is pressurised by the circulation pump 424 and
is fed to the spray arms 412, 414 via a heater 426. After
falling through the dishware compartment 410, the wash-
ing fluid reaches a sump 430 via a filter 432. In this em-
bodiment, the detergent detector 100 is located in the
sump 430.The light-emitting portion (not shown) and the
light-receiving portion (not shown) are provided at such
locations relative to each other that any light emitted by
the turbidity sensor passes through the washing fluid. By
its construction, notably by the placement of inlets and
outlets, the sump 430 is generally fluid-filled up to a cer-
tain level during operation of the dish-washing machine
400. By placing both the light-emitting portion and the
light-receiving portion of the turbidity sensor 110 below
this level, a suitable optical path between these can be
achieved. It may be advantageous to place the turbidity
sensor 120 downstream of the filter 432, because coarse
particles are then removed and cannot disadvantageous-
ly perturb the measurement. It may further be advanta-
geous to place the turbidity sensor 110 in a region of the
sump 430 in which the current velocity during operation
of the dish-washing machine 400 is relatively high, be-
cause this reduces the rate of deposition on light-emitting
and light-receiving surfaces (not shown) of the turbidity
sensor. It also ensures that the composition - and con-
sequently the turbidity - of that fluid 110 which is in contact
with the sensor 120 (on which the measurements are
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based) is approximately identical to the composition of
that fluid 110 which is in contact with the dishware. Al-
ternatively, the turbidity sensor 110 can be placed around
a portion of the hydraulic path between the sump 430
and any of the spray arms 412, 414.

[0044] FIG. 5 illustrates a certain embodiment of a
method 500 for detecting the presence of detergentin a
fluid contained in a dish-washing machine. In the dis-
cosed embodiment, the method comprises an initial step
510 of emitting light from a light source, the light having
an intensity /y. In a second step 512, light emitted by the
light source is received at a location to which the emitted
light propagates through the fluid, and its radiant intensity
is measured. Subsequently, in step 514, the intensity /
of the received light can be divided by the intensity /, of
the emitted light to yield the transmittance, as per the
equation T = //ly. In a step 516, a measured turbidity
corresponding to the transmittance can be calculated
and, hence, a turbidity value can be determined. Thus,
in steps 510-516, a turbidity value of a fluid can be de-
termined. This is performed during a predetermined time
period subsequently to a release of detergent into the
fluid. This predetermined time period is relatively short
(e.g. 120-300 seconds as described previously) and, ac-
cordingly, the turbidity is a sufficiently reliable indication
of the presence of detergent in the fluid. In a final step
518, the determined turbidity value is interpreted as an
indication of the presence of detergent.

[0045] Inoneembodiment, the measurementcompris-
es continuously measuring the turbidity of the fluid, so
that turbidity variations can thereby be monitored over
the predetermined time period.

[0046] Still further, in one embodiment the method
comprises the additional step 520 of controlling a wash-
ing program of the dish-washing machine in dependence
of the indication of the presence of detergent.

[0047] Also, the method may additionally comprise a
step 522 for communicating a signal indicative of the
presence of detergent to a user interface for thereby in-
dicating the presence of detergent to a user.

[0048] The disclosed method 500 may be performed
by software instructions included in a computer program
product, which, as used herein, may be a computer-read-
able medium having software instructions stored there-
on. By way of example, computer readable mediums may
comprise computer storage media and communication
media. As is well known to a person skilled in the art,
computer storage media includes volatile and non-vola-
tile, removable and non-removable media implemented
in any method or technology for storage of information
such as computer readable instructions, data structures,
program modules or other data. Computer storage media
includes, but is not limited to, RAM, ROM, EEPROM,
flash memory or other memory technology, CD-ROM,
digital versatile disks (DVD) or other optical disk storage,
magnetic cassettes, magnetic tape, magnetic disk stor-
age or other magnetic storage devices, or any other me-
dium which can be used to store the desired information
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and which can be accessed by a computer. Further, it is
known to the skilled person that communication media
typically embodies computer readable instructions, data
structures, program modules or other data in a modulated
data signal such as a carrier wave or other transport
mechanism and includes any information delivery media.
[0049] While the invention has beenillustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiment. It is under-
stood that some components that are included in the dis-
closed embodiments are optional. For example, the fo-
cusing and collimating means may sometimes be super-
fluous; this is the case, at least, in embodiments having
naturally collimated light-sources, such as certain types
of lasers. Furthermore, the turbidity sensor 120 may be
of a type having a radiant intensity which is variable and
the processor 130 may include or be connected to a con-
trol unit, which is configured to adjust, by selecting one
intensity level out of a plurality of predetermined intensity
levels, the radiant intensity of the light emitted by the light
source 211 in dependence of the measured radiant in-
tensity of light received at the light-sensitive element 221.
Such a turbidity sensor is described in more detail in
pending European patent application no. 08019303.0.

[0050] Still further, the inventors have realized that it
may be advantageous to detect detergent presence dur-
ing pre-wash washing cycles as well. Many of today’s
dish-washing machines have dishwashing programs in-
cluding both a main washing phase/cycle and, addition-
ally, a so-called pre-wash phase/cycle. Generally, the
pre-wash takes place just before the main washing. Dur-
ing pre-wash, water is generally sprayed at the dishware
contained in the dish-washing machine and soil removal
is only, or at least mostly, caused by the mechanical ac-
tion taking place in the dish-washing machine as the wa-
ter jets hit the dishware. Normally, the water is not heated
during pre-wash and detergent is not dispensed in the
water either. Although it is recommended not to use de-
tergentduring pre-wash, ithas turned out that some users
do add detergent directly into the dish-washing machine
container containing the dishware. The use of detergent
generally requires heated water in order for the detergent
enzymes to be active and, thus, to react on the soil. How-
ever, as mentioned above the water is generally not heat-
ed during pre-wash. Accordingly, the addition of deter-
gent during this pre-wash phase is normally a waste.
Even though this does not damage the washing or clean-
ing performance, itleads to wasteful detergent use, which
in turn can be environment unfriendly. However, the in-
ventors have found that the turbidity of the fluid contained
in the dish-washing machine is a reliable indication of the
presence of detergent also during pre-wash, at least for
a relatively short time period (e.g. less than or equal to
120seconds) subsequent to the operation start of the
dish-washing machine. Within this relatively short time
period, very little or no soil is dissolved in the cold or non-
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heated dish-washing water. Consequently, an initial in-
crease in turbidity of the dish-washing water is, for the
major part, due to the presence of undissolved solid de-
tergent particles (if detergent is added). On the other
hand, if detergent is missing, there will be no or very little
turbidity during this relatively short time period. Hence,
by monitoring the turbidity of the fluid during the relatively
short time period directly after the operation start of the
dish-washing machine, itis possible to establish or detect
whether detergent has been added or not. If it has been
detected that detergent has been added during pre-
wash, the controller of the dish-washing machine can be
configured to control the washing program of the dish-
washing machine such that the pre-wash converts to a
main-wash time period. Consequently, wasteful usage
of detergent during pre-wash can be avoided or at least
reduced and, accordingly, an environment friendly deter-
gent detector can be provided.

[0051] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
The mere fact that certain measures are recited in mu-
tually different dependent claims does not indicate that
a combination of these measured cannot be used to ad-
vantage. Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. A detergent detector (100) for detection of the pres-
ence of detergent in a fluid (110) contained in a dish-
washing machine, characterized in that the deter-
gent detector (100) comprises:

a turbidity sensor (120) configured to measure
the turbidity of a fluid (110) during a predeter-
mined time period subsequent to an expected
release of detergent into the fluid (110), the tur-
bidity being indicative of the presence of deter-
gent in the fluid; and

a processor (130) communicatively connected
to the turbidity sensor (120), the processor (130)
being configured to determine a turbidity value
based on the measured turbidity and to interpret
the turbidity value as an indication of the pres-
ence of detergent.

2. The detergent detector (100) according to claim 1,
wherein the predetermined time period is less than
or equal to 300 seconds, such as less than or equal
to 120 seconds.

3. The detergent detector (100) according to of claim
1 or 2, wherein:

the turbidity sensor (120) is configured to meas-
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ure the turbidity of the fluid continuously, so that
turbidity variations can thereby be monitored
over the predetermined time period.

The detergent detector (100) according to any one
of claims 1-3, wherein the processor (130) is config-
ured to communicate a signal indicative of the pres-
ence of detergent to a controller forming part of a
dish-washing machine, the controller being commu-
nicativeley connected to the processor and config-
ured to control a washing program of the dish-wash-
ing machine in dependence of the indication of the
presence of detergent.

The detergent detector (100) according to any of the
claims 1-4, wherein:

the turbidity sensor (120) comprises

a light source (211) for emitting light, the light
having a radiant intensity, and

a light-sensitive element (221) for receiving light
emitted from the light source (211), the light
source (211) and the light-sensitive element
(221) being positioned relative to each other so
that, when the light source (211) is in operation,
light emitted from the light source (211) propa-
gates through the fluid on its way to the light
sensitive element (221), wherein the light-sen-
sitive element (221) is configured to measure
the radiant intensity of light received at the light-
sensitive element (221);

and wherein:

the processor (130) is configured to com-
pare the radiant intensity of the light emitted
from the light source (211) with the radiant
intensity of the light received at the light-
sensitive element (221) and to determine,
based on this comparison, the turbidity val-
ue.

The detergent detector according to any one of the
claims 1-5, wherein the processor (130) is config-
ured to communicate a signal indicative of the pres-
ence of detergent to a user interface (301), the user
interface (301) being communicativeley connected
to the processor (130) and configured to indicate the
presence of detergent to a user.

A dish-washing machine (400) comprising a deter-
gent detector (100) according to any of the claims
1-6.

A method for detecting the presence of detergent in
a fluid contained in a dish-washing machine, char-

acterized by:

measuring (510-516) the turbidity of a fluid dur-
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10.

1.

12

13.

14.

ing a predetermined time period subsequent to
an expected release of detergent into the fluid,
the turbidity being indicative of the presence of
detergent in the fluid,

determining (516) a turbidity value based on the
measured turbidity of the fluid, and

interpreting (518) the turbidity value as an indi-
cation of the presence of detergent.

The method according to claim 8,wherein the pre-
determined time period is less than or equal to 300
seconds, such as less than or equal to 120 seconds.

The method according to claim 8 or 9, wherein:

the step of measuring (510-516) comprises con-
tinuously measuring the turbidity of the fluid, so
that turbidity variations can thereby be moni-
tored over the predetermined time period.

The method according to any one of claims 8-10,
comprising:

controlling (520) a washing program of the dish-
washing machine in dependence of the indica-
tion of the presence of detergent.

The method according to any of the claims 8-11,
comprising:

emitting light (510), having a radiant intensity,
at a light source;

receiving (512) light from the light source, at a
location to which the light propagates through
the fluid, and measuring the radiant intensity of
the received light, and

comparing (514-516) the radiant intensity of the
light emitted from the light source with the radi-
antintensity of the light received at the light-sen-
sitive element for determining the turbidity value.

The method according to any one of the claims 8-12,
comprising:

communicating (522) a signal indicative of the
presence of detergent to a user interface for in-
dicating the presence of detergent to a user.

A computer-program product comprising software
instructions which, when executed in an apparatus
having computing capabilities, perform the method
according to any one of claims 8-13.
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