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Method for calibrating a cleaning device

Field of the invention

The invention relates to a method for calibrating a cleaning device. The invention
further relates to a cleaning device and also to a construction kit comprising a cleaning
device and also a calibration sensor which are designed to carry out the method
according to the invention. Cleaning devices of said kind can be used, for example, in
the field of dishwashing technology, in particular in the field of commercial
dishwashing technology. However, cleaning devices of this kind can furthermore also
be used in the care home sector or in the field of hospital technology, for example for
cleaning containers for collecting human waste, such as bedpans for example.

However, other fields of use are also feasible in principle.

Prior art

A large number of cleaning devices, also called cleaning apparatuses, which can clean
and/or disinfect washware are known from the prior art. The design of these cleaning
devices depends to a great extent on the various boundary conditions, such as the type
of washware which is to be cleaned, the degrees of soiling, the throughput and similar
conditions for example. By way of example, reference can be made to cleaning devices
which are described, for example, in DE 102004 056 052 A1 or in
DE 10 2007 025 263 Al.

Setting and/or monitoring certain state variables plays a significant role in numerous
cleaning devices. These state variables include, in particular, the state variables
temperature and/or pressure, for example within a cleaning chamber of the cleaning
device. In order to be able to ensure a certain cleaning effect, in particular a hygiene
effect, disinfection effect or germ-killing effect, it is necessary in many cases to ensure

a minimum temperature and/or to ensure that the washware is subjected to the action
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of a minimum number of so-called thermal equivalents. Reference can also be made,

for example, to the abovementioned prior art in this respect.

In many cases, cleaning devices, such as commercial dishwashers and/or cleaning and
disinfection apparatuses for cleaning containers for collecting human waste for
example, contain one or more sensors for the purpose of monitoring state variables,
such as temperature and/or pressure for example. Said cleaning devices can comprise
one or more temperature sensors for example. The invention will be substantially
described below with reference to the temperature as a state variable and to
temperature sensors. However, as an alternative or in addition, the invention can also

be applied in the same way to other state variables, for example the pressure.

The degree of reliability of the measurement values of the state variables, which
measurement values are detected by the sensors, plays an important role particularly
for the purpose of ensuring certain hygiene effects or disinfection effects. In
conventional apparatuses, a high level of trust is generally placed in the measurement
values of the sensors, wherein tolerances of the sensors according to the manufacturer
information may also be taken into account. Calibration of the sensors or the entire
sensor measurement chain, including the corresponding contact resistors, measurement
printed circuit boards, interfaces and lines, in many cases either does not take place or
is generated by means of simple reference measurements which are carried out using a
separate and/or independent measurement system for example. Control or correction or
calibration is performed, for example, after manual evaluation of the reference
measurements by manual intervention in a controller of the cleaning device, for

example by inputting so-called offsets.

However, this fails to take into account various factors which can lead to considerable
corruption of the measurement values in the case of numerous conventional cleaning
devices. For example, as cited above, manufacturer information generally relates to the
sensor in question and not to the entire sensor measurement chain which contains all of
the measurement peripherals including corresponding contact resistors. In addition,
production faults or tolerances can occur even when sensors are carefully selected.

Aging processes of the sensors in question should also be taken into account.
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On the other hand, neglecting to perform calibration can lead to fatal malfunctions
since, for example, it may then no longer be possible for the cleaning device to ensure
a required hygiene effect. Particularly in the field of care utensils, such as so-called
cleaning and disinfection apparatuses for example, this can lead to dangerous
contamination or insufficient sterilization of the washware, this in turn possibly

resulting in dangerous diseases being spread.

US 2013/0008477 A1l describes a method for filling a washing chamber of a
dishwasher. Amongst other things, an analog pressure sensor is used in this case in
order to monitor the filling level. Furthermore, said document describes that the analog
pressure sensor can be calibrated and can be set to match influences, such as the
temperature and the drift over the service life for example, which can be measured

using other sensors. Offset correction is also described.

US 2009/0183753 Al describes a method for ensuring a thermal hygiene effect. In this
case, the temperature profile within a chamber is monitored by means of a temperature

sensor.

DE 44 46 775 B4 describes a method for compensating a thermal offset drift of
sensors. In this case, offset variables for certain temperature sensors given a plurality
of associated temperature values are stored in a data memory and then temperature

correction is carried out during operation.

US 5,477,576 discloses temperature compensation for a turbidity sensor in washing
devices, such as dishwashers for example. Said document is based on the problem of
dishwashers being operated over a relatively large temperature range, for example of
from 24°C to 74°C. Accordingly, a temperature of 49°C is selected as the reference
temperature and, by detecting an actual temperature, the turbidity value of a turbidity
sensor is always specified as a reference turbidity value at the reference temperature of

49°C.
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Conventional calibration processes are generally complicated and susceptible to faults.
In this case, it is generally necessary to distinguish between the processes during
production of the cleaning device and processes during use of the cleaning device, for
example within the scope of maintenance and/or after replacement of a component, for

example a component of a sensor measurement chain.

Many conventional systems are highly complicated since manual starting of an
independent calibration system and manual evaluation of the calibration data are
necessary. Manual intervention in a sensor measurement chain and/or corresponding
manual intervention in a control system of the cleaning device are/is generally also
necessary. Interventions of this kind are time-consuming and also subject to faults in
practice. Furthermore, deliberate manipulation or corruption of the calibration process
is possible, for example to make quality features of the cleaning devices look better. In
addition, many conventional calibration processes require disassembly of the
corresponding sensors in order to then calibrate said sensors separately. However,
removal of the corresponding sensors, in particular within the scope of maintenance
work, is complicated in practice. Servicing work requires the removal of the sensors
and insertion of the sensors into a corresponding calibrator in which defined state
variables are applied to the sensors. However, calibrators of this kind are expensive
and take up a large amount of volume and therefore are carried by servicing personnel

only in exceptional circumstances in practice.

Object of the invention

An object of the present invention is therefore to provide a method for calibrating a
cleaning device, a cleaning device and a construction kit, which method, cleaning
device and construction kit at least largely avoid the disadvantages of known methods,
cleaning devices and construction kits. A particular aim is to allow calibration both
within the scope of production of the cleaning device and also within the scope of
maintenance work, which calibration can be carried out in a simple and quick manner,
is cost-effective and nevertheless reliable and can be carried out with a comparatively

low level of expenditure on equipment.
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Disclosure of the invention

This object is achieved by a method, a cleaning device and a construction kit having
the features of the independent patent claims. Advantageous developments, which can
be realized on their own or in any desired combination, are presented in the dependent
claims.

In the text which follows, the terms “have”, “exhibit”, “comprise” and “include” or
any desired grammatical variations thereof are used in a non-exclusive manner.
Accordingly, said terms can relate both to situations in which, along with features
introduced by said terms, no further features are present or to situations in which one
or more further features are present. For example, the expression “A has B”, “A
exhibits B”, “A comprises B” or “A includes B” can refer both to situations in which,
apart from B, there are no further elements in A (that is to say, to a situation in which
A consists exclusively of B) and to situations in which, in addition to B, there are one
or more further elements in A, for example element C, elements C and D or even
further elements.

Furthermore, the terms “preferably”, “in particular”, “for example” and similar terms
are used in conjunction with optional features in the text which follows, without
restricting alternative embodiments as a result. Therefore, features which are
introduced by these terms are optional features and said features are not intended to
restrict the scope of protection of the claims, and in particular of the independent
claims. Therefore, the invention may, as the skilled person will recognize, also be
carried out using other refinements. Similarly, features which are introduced by “in an
embodiment of the invention” or by “in an exemplary embodiment of the invention”
will be understood to mean optional features, without alternative refinements or the
scope of protection of the independent claims intending to be restricted by said
optional features. Furthermore, all of the possible ways of combining the features
introduced by these introductory expressions with other features, be they optional or

non-optional features, should remain unaffected by said introductory expressions.
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A method for calibrating a cleaning device is proposed in a first aspect of the present
invention. Within the scope of the present invention, calibration is intended to be
understood to be, in general, a process in which at least one measurement value of at
least one state variable is checked and/or is corrected or converted into a corrected
measurement value in such a way that the corrected measurement value corresponds to

an actual value of the state variable, at least within a predefined tolerance.

Within the scope of the present invention, a state variable is intended to be understood
to be, in general, a quantifiable variable of at least one environmental parameter which
can influence the operation of the cleaning device and/or a cleaning result of the
cleaning device in any way. As will be explained in greater detail below, this at least
one state variable may be, in particular, a temperature and/or at least one pressure. By
way of example, the at least one state variable may be a temperature within a cleaning
chamber of the cleaning device and/or a temperature of at least one cleaning fluid of
the cleaning device which is applied to the washware. As an alternative or in addition,
the at least one state variable may also be, for example, at least one pressure, for
example at least one pressure within a cleaning chamber of the cleaning device and/or
a pressure of at least one cleaning fluid. Furthermore, combinations of state variables
can also be calibrated, for example by at least one state variable in the form of at least
one temperature and at least one state variable in the form of at least one pressure

being calibrated in the method at the same time.

Within the scope of the present invention, a cleaning device is intended to be
understood to be, in general, a device which is designed to at least partially free
washware of adhering impurities and/or germs. In particular, the cleaning device can
be designed to apply at least one cleaning fluid, that is to say a cleaning liquid and/or a
gaseous cleaning fluid, to the washware, as explained above. By way of example, this
cleaning fluid can comprise a cleaning liquid, for example an aqueous cleaning liquid,
optionally with the addition of one or more additives, for example at least one additive
selected from the group comprising a detergent concentrate, a final-rinse aid and a
disinfectant. As an alternative or in addition, the cleaning fluid can comprise, for

example, steam. However, other refinements are also feasible in principle.
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As 1is stated in further detail below, the cleaning device can be, for example, a
dishwasher, in particular a commercial dishwasher, for example a batch dishwasher
and/or a conveyor dishwasher. However, as an alternative or in addition, the cleaning
device can also be designed entirely or partially as a cleaning and disinfection
apparatus, for example as a cleaning device which is designed to clean containers for
collecting human waste. In this respect, reference can be made, in general, for example
to the cleaning devices which are described in DE 10 2004 056 052 A1 and/or in
DE 10 2007 025 263 Al. The cleaning device can also be a washer as can be used for
cleaning containers in the field of food production and/or food processing.
Furthermore, the cleaning device may be a disinfection washer, for example a washer
for cleaning and disinfecting respirator masks. However, other refinements are also

feasible in principle.

The cleaning device has at least one sensor for detecting at least one state variable.
Within the scope of the present invention, a sensor is intended to be understood to be,
in general, a device which is designed to detect one or more measurement values of the
state variable, preferably in the form of one or more electronic measurement values.
The measurement values can be in analog and/or digital form. The sensor can
comprise, for example, at least one sensor element which is designed to generate at
least one sensor signal, for example an analog or digital sensor signal, in accordance
with the state variable which is to be detected. However, in addition to the at least one
sensor element, the sensor can comprise one or more further elements. For example,
the sensor can comprise, in particular, one or more supply lines which are connected to
the sensor element and/or other elements of the sensor. Furthermore, at least one
actuation and/or evaluation circuit can be provided for example, it being possible for
said actuation and/or evaluation circuit to be connected to the sensor element and said
actuation and/or evaluation circuit often also being called a measurement printed
circuit board or simply only printed circuit board. Furthermore, the sensor can
comprise further elements, such as at least one analog/digital converter (A/D
converter) and/or at least one signal line and/or data line and/or an interface for
example. The total unit, which is made up of the at least one sensor element and
optionally the at least one further element of the sensor, can together form a sensor

system and/or a measurement chain of the sensor which ultimately can be connected,
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for example, to a controller which is explained in further detail below. The sensor itself
can therefore be a sensor system or can be a constituent part of a sensor system. The
measurement chain and the design of said measurement chain can ultimately determine
how a specific value of the state variables and/or a change in this value affect one or
more sensor signals which are made available to the controller. The sensor can
therefore comprise, in total, at least one sensor element and also at least one further
element, in particular at least one further element selected from the group comprising:
an actuation and/or evaluation circuit (in particular for processing at least one
measurement value or sensor value), an interface, an analog/digital converter (A/D
converter), a wireless and/or wired transmission element, a signal line and/or data line,
a voltage supply, an A/D converter, an indicator element, a data memory and a radio

module. However, other refinements are also possible.

By way of example, the sensor can comprise at least one temperature sensor, in
particular at least one sensor element in the form of, for example, a temperature-
dependent resistor, for example an NTC and/or a PTC. As an alternative or in addition,
the sensor can comprise at least one sensor element in the form of a pressure sensor,
for example in the form of a micromechanical pressure sensor. However, other

refinements are also feasible.

The method comprises the following steps which are preferably, but not necessarily,
carried out in the illustrated order. Furthermore, the method can comprise additional
method steps, not illustrated. Furthermore, the method steps can also be carried out in a
different order. In addition, individual, a plurality of or all of the method steps can be
carried out repeatedly. Furthermore, individual or a plurality of method steps can be

carried out in parallel with respect to time or with an overlap with respect to time.

The method steps are:

a) carrying out a calibration measurement, wherein the at least one state variable

is detected and at least one reference value is determined by means of at least

one calibration sensor independently of the sensor of the cleaning device;



10

15

20

25

30

DK/EP 3051996 T3

-9.

b) establishing an electronic connection between the calibration sensor and a
controller of the cleaning device, and electronically transmitting the reference

value to the controller; and

c) comparing the reference value with at least one measurement value of the
sensor of the cleaning device and adjusting at least one correction function in
accordance with the comparison, wherein future measurement values of the
sensor of the cleaning device are automatically corrected using the correction

function.

In this case, a calibration measurement is intended to be understood to be, in general, a
process in which, as explained, the reference value is determined. Within the meaning
of the above definition, a calibration sensor is intended to be understood to be, in
general, a sensor which is not a constituent part of the cleaning device or which can be
handled and operated independently of other constituent parts of the cleaning device,
and which preferably has a high degree of reliability in general. The calibration sensor
can comprise, as explained above, a calibration sensor element and also optionally at
least one further element, for example in each case one or more elements selected from
the group comprising: an actuation and/or evaluation circuit (in particular for
processing at least one measurement value or sensor value), an interface, an
analog/digital converter (A/D converter), a wireless and/or wired transmission element,
a signal line and/or data line, a voltage supply, an A/D converter, an indicator element,
a data memory and a radio module. However, other refinements are also possible. By
way of example, the calibration sensor can be a sensor which is calibrated
independently of other constituent parts of the cleaning device and which can be
calibrated, for example, at the factory and/or within the scope of the present method,
for example in accordance with a corresponding calibration prespecification. One or
more calibrators may be used for example, said calibrators being designed to set
defined environmental conditions in a calibration environment, for example a defined
calibration temperature and/or a defined calibration pressure in a chamber of the
calibrator. A calibrator can be, for example, a portable apparatus. By way of example,

the calibration sensor can comprise a calibration temperature sensor which has an
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accuracy of at least +/- 1.0°C or better, in particular an accuracy of +/- 0.5°C or better,

in the range of from +10°C to +100°C.

Within the scope of the present invention, independent detection of the at least one
state variable independently of the sensor of the cleaning device is intended to be
understood to be a process in which the same state variable which is also detected by
the sensor of the cleaning device is also detected by the calibration sensor without the
measurement by the calibration sensor being influenced by the sensor of the cleaning
device. The calibration sensor therefore detects the state variable and in the process
forms at least one reference value which characterizes the magnitude of the state
variables. Therefore, a reference value, also called a comparison value, is intended to
be understood to be, in general, a measurement value or a set of measurement values
which is formed by the calibration sensor by detecting the state variables, that is to say
at least one measurement value of the state variables, which measurement value is
detected by the calibration sensor. In this case, a plurality of reference values can also
be detected, for example a series of reference values of the same state variables, for
example a time sequence. As an alternative, a plurality of calibration sensors for
detecting a plurality of types of state variable can also be used, as can a calibration
sensor which is designed to detect a plurality of state variables at the same time and

therefore to determine a plurality of reference values of different state variables.

Establishing an electronic connection in method step b) is intended to be understood to
be, in general, a process which allows electronic transmission of the at least one
reference value to the controller of the cleaning device. By way of example, a wired
and/or a wireless connection can be used for this purpose, wherein a wireless
connection is preferred, in particular a purely wireless connection without additional
wired connection. Once the electronic connection is established, said electronic
connection can be retained for the transmission of further reference values or can be

disconnected after transmission of the reference value.

A controller of the cleaning device is intended to be understood to mean, in general, a
device which is a constituent part of the cleaning device and which is designed to

control and/or to regulate one or more functions of the cleaning device. The controller
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can be of unipartite or multipartite design. In particular, the controller can have at least
one data processing device, for example at least one microcomputer. As will be
explained in further detail below, the controller of the cleaning device can be designed,
for example, to set one or more state variables and/or one or more parameters of the
cleaning device. As an alternative or in addition, the controller can also be designed to
control a program sequence of the cleaning device. By way of example, the controller
can be designed to carry out one or more cleaning programs and/or to set other
parameters of the cleaning process. The controller can be, for example, a central
machine controller of the cleaning device. The controller can be centralized or else
decentralized. Furthermore, the controller can comprise one or more interfaces, for
example for transmitting data and/or commands between an external device, for
example a computer, and the cleaning device, and/or for transmitting information.
Transmission can be unidirectional or else bidirectional. Furthermore, the controller
can comprise one or more user interfaces, for example one or more displays and/or one

or more keypads. However, other refinements are also feasible in principle.

In this case, electronic transmission of the reference value to the controller is intended
to be understood to be, in general, a process in which the reference value is transmitted
from the calibration sensor to the controller without the involvement of human
transmission action, in particular without the involvement of a manual input.
Therefore, the electronic transmission can be performed, for example, exclusively in

the form of wired and/or wireless signals.

Comparison of the reference value with at least one measurement value of the sensor
of the cleaning device in method step c¢) is intended to be understood to be, in general,
a process in which the reference value and the measurement value are checked for
correspondence and/or deviations. If, in this case, reference values and/or measurement
values of different kinds of state variables are used, this comparison in method step c)
includes only comparison of at least one reference value of a state variable with at least
one measurement value of the same state variable. Irrespective of this, it is additionally
possible to optionally perform at least one comparison of at least one reference value
of another state variable with at least one measurement value of the same other state

variable.
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As is explained in greater detail below, the comparison can comprise, for example, the
calculation of a difference, in which the reference value is subtracted from the
measurement value and/or in which the measurement value is subtracted from the
reference value. However, as an alternative or in addition, the comparison can also
comprise, for example, the calculation of a quotient, in which a quotient of the
reference value and of the measurement value and/or a quotient of the measurement

value and of the reference value are/is calculated.

Within the scope of the present invention, a correction function is intended to be
understood to be, in general, an algorithm which is designed to influence a
measurement value which is provided by the sensor of the cleaning device in such a
way that the measurement value corresponds to the actual value of the corresponding
state variable, which is intended to be detected by the sensor, at least within the scope
of a predefined tolerance range (for example one or more tolerance thresholds). In this
case, the correction function can be applied directly to the measurement value or can
also enter within the scope of further processing of the measurement value, for
example when thermal equivalents are calculated from a temperature measurement
value and one or more other variables (for example a duration of a temperature

application operation).

In this case, an adjustment of the correction function is intended to be understood to
be, in general, influencing of the correction function which takes into account the
comparison of the reference value with the measurement value. The correction
function can already exist before this adjustment or can also be generated for the first

time within the scope of the adjustment.

Future measurement values of the sensor of the cleaning device are automatically
corrected using the correction function. As stated above, this correction can be
performed directly by the correction function being applied directly to the
measurement values, or else can be performed for the first time within the scope of
further processing of the measurement values. For example, the measurement values

can enter one or more evaluation functions as variables, wherein the evaluation
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function can be corrected in accordance with the correction function. Other

refinements are also possible in principle.

The method can be carried out in particular at least largely in an automated manner.
The calibration measurement can be carried out, for example, in such a way that it at
least approximately simulates a cleaning program. Furthermore, the calibration
measurement can be carried out in such a way that certain state variables which either
are known or at least can be detected on the basis of the reference value being
determined are set. For example, a real or hypothetical cleaning program can be carried
out within the scope of the calibration measurement, for example by the calibration
sensor being placed in a cleaning chamber of the cleaning device and the cleaning
device being put into operation. By way of example, application of a cleaning fluid
and/or a temperature application operation can be performed within the scope of this

commissioning.

In particular, method steps b) and/or c) can be carried out entirely or partially
automatically, for example without user intervention. However, in particular, method
step b) can also be carried out, for example, in a partially automated manner, for
example by the electronic connection between the calibration sensor and the controller
being established manually, but the electronic transmission of the reference value to
the controller then being performed automatically. Method step ¢) can, in particular, be
carried out fully automatically. A user action, for example by a corresponding
calibration program of the cleaning device being initiated, may be required in order to
initiate method steps b) and/or c). This initiation can be performed, for example,
automatically by establishing the electronic connection between the calibration sensor
and the controller and/or can be performed by a user and/or by maintenance personnel

calling up a corresponding calibration program.

As explained above, the comparison of the reference value with the at least one
measurement value of the sensor and/or the adjustment of the correction function in
method step ¢) can be performed in different ways. Therefore, the correction function
can contain, for example, at least one offset, that is to say a predefined value which is

subtracted from the measurement values and/or is added to the measurement values
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within the scope of the correction of the measurement values using the correction
function. Therefore, for example, in method step c), at least one difference between the
reference value and the measurement value or vice versa can be calculated, wherein
the correction function can contain the difference as an offset, and/or wherein the
difference can be added to the correction function as an offset. The offset can be
automatically subtracted during future measurement values of the sensor of the
cleaning device or can be automatically added to future measurement values of the
sensor of the cleaning device. As an alternative or in addition, during the comparison
of the reference value with the at least one measurement value of the sensor in method
step ¢), at least one quotient between the reference value and the measurement value
can also be calculated, wherein the correction function can contain the quotient or the
inverse of said quotient as a correction factor, and/or wherein the quotient or the
inverse of said quotient can be added to the correction function as a correction factor.
The correction factor can be, in particular automatically, multiplied by future

measurement values of the sensor of the cleaning device.

However, these simple possible correction functions are merely exemplary
embodiments of corresponding correction functions. Relatively complex correction
functions are also possible in general, for example the application of relatively
complex correction algorithms and/or the application of relatively complex correction
curves. By way of example, the correction function can contain at least one
polynomial, wherein the parameters of the polynomial can be determined within the
scope of method step c). Therefore, comparisons given different magnitudes of the
state variables can be carried out for example, for example at different temperatures
and/or at different pressures, and the parameters of the correction function, for
example a polynomial, can be correspondingly adjusted. A correction function which
can be automatically applied to future measurement values of the cleaning device can
then be provided using these adjusted parameters. As an alternative or in addition,
corresponding correction functions which can be selected in accordance with the
comparison can also be stored, for example in a data memory of the controller. Various

options are feasible.
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As stated above, the at least one state variable can contain, in particular, at least one
variable selected from the group comprising: a temperature, in particular a temperature
in a cleaning chamber of the cleaning device and/or a temperature of at least one
cleaning fluid of the cleaning device; a pressure, in particular a pressure in a cleaning
chamber of the cleaning device; a degree of moisture, in particular a degree of
moisture in a cleaning chamber of the cleaning device; a volume flow and/or a mass

flow, in particular in a section of a line system of the cleaning device.

As stated above, the electronic transmission in method step b) can preferably
exclusively involve transmission in electronic form. In particular, method step b) can
be carried out via at least one electronic interface, in particular an interface via which
the calibration sensor can be directly or indirectly reversibly or irreversibly connected
to the controller. In particular, method step b) can be carried out by means of a
wireless connection, in particular a radio connection. As an alternative or in addition,
an interface selected from amongst an infrared interface and a Bluetooth interface can
be used in method step b). Once again as an alternative or in addition, method step b)
can also be carried out using a docking station, wherein the calibration sensor is
connected to the docking station in order to establish the electronic connection,
wherein the reference value is transmitted from the calibration sensor to the docking
station, and wherein the reference value is transmitted to the controller by the docking
station. Therefore, the at least one calibration measurement can be carried out, for
example, first, then the calibration sensor can be connected to the docking station, and
the at least one reference value can be transmitted to the controller by means of the

docking station.

The calibration sensor can have, in particular, at least one data memory and can be
designed to detect a plurality of reference values and to store said plurality of reference
values in the data memory. The data memory can comprise, for example, a volatile

and/or non-volatile data memory.

In general, the calibration sensor can be an autonomous system which can be designed,
for example, to detect the reference value independently of and without a physical

connection to other apparatuses. For example, the calibration sensor can be a
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completely encapsulated calibration sensor which is surrounded by a housing.
Furthermore, the calibration sensor can have a dedicated energy supply, for example
an energy store. The at least one optional data memory can be contained, for example,
in the housing. The data memory can be designed to store a plurality of the reference
values at different time points and/or to store a plurality of different types of reference

values, for example reference values of different state variables.

The data memory can be designed, in particular, to comprise a plurality of the
reference values in the form of a time sequence of the reference values. By way of
example, the calibration sensor can be designed to detect the reference values and
preferably to store said reference values in the data memory at regular or irregular
intervals, for example at a predefined or variable measurement frequency. In addition
to the plurality of reference values, further information can furthermore be stored. For
example, the time points at which the reference values were detected for each of the
plurality of reference values can be stored in the data memory. For example, time

stamps relating to the measurement values can be detected and stored.

The controller can be designed to match the time points at which the measurement
value and the reference value were detected to one another during the comparison. For
example, it is possible to ensure that only measurement values and reference values
which were detected at least approximately at the same time, for example at the same
time and/or within the scope of a predefined time window with a tolerance which does
not exceed a predefined time difference, are compared with one another. For example,
it is possible to ensure that only reference values and measurement values which
correspond at least approximately to the same value of the state variables are compared
with one another, even when there is a change in the state variables. By way of
example, changes in the state variables, for example a change in temperature within a
cleaning chamber and/or within the cleaning fluid, can also be carried out during the
calibration measurement in this way, wherein, for example, calibration measurements
can be carried out at different values of the state variables. Matching the time points of
the measurement values and reference values can ensure that the corresponding values
are compared with one another. Therefore, the controller can be designed, in general,

to register, in addition to the at least one measurement value of the sensor of the
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cleaning device, at least one time point at which the measurement value was detected,
for example by the measurement value or the measurement values also being provided
with a time stamp. The time point at which the at least one measurement value was
detected can then be compared with the time points at which the reference values were
detected. In this case, matching is intended to be understood to be, as explained above,
a process in which it is ensured that the measurement value and the reference value
which is to be compared with this measurement value have been detected at the same

time or at least within the scope of a predefined time window at the same time.

As stated above, the calibration sensor can be designed to transmit the plurality of
reference values to the controller. This transmission of the reference values to the
controller can be performed online, for example by accompanying detection of a
reference value at the same time or in a timely manner, for example within the scope
of a predefined transmission cycle, the reference value also being transmitted to the
controller before the next reference value is detected. However, as an alternative or in
addition, transmission can also be performed within the scope of bundling a plurality
of reference values, for example by a plurality of reference values initially being
collected in the data memory of the calibration sensor and then being transmitted to
the controller in a bundle. Said transmission can be performed, for example, within

the scope of the embodiment of the docking station stated above.

A diagnosis of the cleaning device can be made within the scope of method step c).
Within the scope of the present invention, a diagnosis is intended to be understood to
be, in general, a process in which an ability of the cleaning device to function is
qualified and/or quantified. In particular, in method step c), a warning can be
generated when, during the comparison of the reference value with the measurement
value, a deviation outside a predefined tolerance range is ascertained. This warning
can be generated in electronic form or else in any desired other form. By way of
example, an electronic transmission can be made to a log and/or to another device. As
an alternative or in addition, a warning can also be output to a user, for example to
operating personnel and/or maintenance personnel, for example a warning in one or

more of the following forms: a visual form, for example by means of at least one
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display and/or at least one indicator element; an acoustic warning, for example by
means of a loudspeaker; and a haptic warning, for example in the form of a vibration.

However, other refinements are also feasible.

As an alternative or in addition, in method step c), a freedom-from-fault message can
be output when, during the comparison of the reference value with the measurement
value, a deviation within a predefined freedom-from-fault range is ascertained. This
freedom-from-fault message can be output, for example, once again in electronic form
and/or in another form. By way of example, the freedom-from-fault message can once
again be output to a log and/or to a user, for example in one or more of the forms
presented above. The tolerance range can correspond to the freedom-from-fault range
or else can differ from said freedom-from-fault range. Furthermore, a plurality of
tolerance ranges and/or a plurality of freedom-from-fault ranges can be predefined, so

that classification into a plurality of diagnosis states is also possible for example.

As stated above, the calibration sensor can be, in particular, an encapsulated
calibration sensor which can be operated independently without an external energy
supply. In this case, encapsulation is intended to be understood to be, in general,
embedding of the calibration sensor into an at least partially, preferably completely,
closed housing, for example a metallic housing and/or a plastic housing. In particular,
the calibration sensor can be designed as an autonomous sensor which can detect one
or more reference values autonomously and without, for example, an energy supply

line.

In particular, the calibration sensor can be a so-called data logger. Data loggers of this
kind are generally commercially available for various state variables, for example for
temperature, pressure or moisture or else for combinations of said state variables. In
general, data loggers are autonomous measurement systems which can be operated
autonomously and can receive measurement values and/or reference values without an
external energy supply. In particular, data loggers of this kind can have data memories

in which at least 10, preferably at least 1000, and particularly preferably at least
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10,000, measurement values can be stored. The data logger can have, in particular, an
interface, for example a wireless interface, via which the at least one reference value
can be directly or indirectly transmitted to the controller. In this case, said interface
may be, for example, a radio interface, for example a radio interface with a radio
frequency of 2.4 GHz. The data logger can receive measurement values at a
predefined or adjustable measurement frequency, for example at an interval of several
100 ms, several seconds or even longer time intervals. However, other refinements are

also possible in general.

As stated above, the method can exhibit one or more additional method steps, not
mentioned above. For example, before carrying out method step a), the method can

furthermore comprise the following method step:

d) carrying out a calibration process for calibrating the calibration sensor,
wherein the calibration sensor is calibrated in accordance with a predefined
standard. In this case, one or more predefined and/or known state variables can
be applied to the calibration sensor for example. By way of example, the
calibration sensor can be calibrated by means of a calibrator, wherein the
calibrator is designed to adjust a state variable, which is detected by the
calibration sensor during the calibration process, to at least one predefined
value. The at least one predefined value can be constant or can also be
variable, for example variable over time. Therefore, the at least one predefined
value can undergo, for example, a predefined change over time. By way of
example, temperature curves and/or pressure curves with a predefined profile
can be set in this way. The calibrator may be, for example, a thermal chamber
and/or a heating apparatus which is designed to set predefined and known
temperatures. However, as an alternative or in addition, other standards can
also be used. For example, the calibration sensor can be calibrated by
prespecifying two or more known temperature points, for example by iced
water being applied to the calibration sensor once, for example by said
calibration sensor being dipped into iced water, and furthermore boiling water

being applied to said calibration sensor, for example by said calibration sensor
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being dipped into boiling water. Two measurement points which, as is known,
correspond to 0°C und 100°C can be generated in this way for example. As an
alternative, it is possible for only one of these measurement points to be
determined for example. Deviations in the measurement value of the
calibration sensor from said known values can then be used, for example, to
correct the calibration sensor, so that the calibration sensor actually indicates
0°C when iced water is applied to it and 100°C when boiling water is applied

to it, for example after carrying out the calibration process.

The calibration process of the calibration sensor itself is preferably carried out
independently, in particular independently with respect to time, over the course of the
rest of the method according to the invention, that is to say, for example,
independently of method steps a)-c). The cleaning device can also be physically
independent, so that, for example, the calibration process can be carried out at a
location which is different to the location of the cleaning device. For example, the
maintenance personnel arrive at the cleaning device which is to be tested with a pre-

calibrated calibration sensor.

As an alternative or in addition, the method can comprise one or more further method
steps. For example, after carrying out method step ¢), the method can further comprise

the following method step:

e) terminating the electronic connection between the calibration sensor and the

controller.

For example, the calibration sensor can be disconnected from the cleaning device and,
in particular, from the controller for the purpose of carrying out regular operation of
the cleaning device, for example normal field operation for cleaning washware.
Accordingly, after carrying out method step e), the following method step can further

be carried out:
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f) carrying out at least one cleaning program for cleaning washware by means of
the cleaning device, wherein the cleaning program is controlled by the
controller, taking into account the correction function. In other words, the
cleaning program can be carried out in such a way that the correction function
is taken into account when carrying out the cleaning program, that is to say
that, for example, measurement values of the at least one sensor of the
cleaning device are directly or indirectly corrected by means of the correction

function during the cleaning program.

As stated above, the state variable can comprise, in particular, at least one
temperature. The cleaning device can be designed, in particular, to monitor a thermal
hygiene effect on washware taking into account the temperature during at least one
cleaning program. For example, thermal equivalents can be calculated during the
cleaning program by tracking the application of temperature to the washware and a
current calculation of the application of thermal equivalents can be performed. By
way of example, standards, such as the standard EN ISO 15883 and/or NSF Standard
3 for example, can be used for this purpose. By way of example, the cleaning device
can be designed to register application of thermal equivalents, for example selected
from AO values and/or H.U.E values, to the washware during the cleaning program. In
this respect, reference can be made, for example, to documents DE 10 2004 056 052
Al and or DE 10 2007 025 263 Al mentioned above and the methods mentioned in
said documents. Using the correction function allows the application of thermal
equivalents and the hygiene effect produced as a result to be considerably more
reliable than in the case of conventional methods. In particular, the cleaning device
can be designed to monitor a thermal hygiene effect on washware taking into account
the temperature during a cleaning program, wherein method step c¢) can comprise
adjustment of a correction function for the thermal hygiene effect. For example,
instead of the uncorrected measurement values of the sensor of the cleaning device,
corrected measurement values can be used for calculating and/or detecting the

hygiene effect.
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As stated above, all or some of the one or more abovementioned method steps can be
carried out repeatedly. In particular, method steps a) and b) can also be carried out in
an 1iterative and/or continuous manner. For example, reference values can be

continuously transmitted from the calibration sensor to the controller.

In method step c), the correction function can be stored, in particular, in at least one
data memory of the controller. In this way, the correction function can be available,

for example, in subsequent method steps.

A cleaning device for cleaning washware is proposed in a further aspect of the present
invention. The cleaning device comprises at least one sensor for detecting at least one
state variable. The cleaning device further comprises at least one interface for
establishing an electronic connection to at least one calibration sensor. The controller
is designed to receive at least one reference value, which is detected by the calibration
sensor independently of the sensor of the cleaning device, of the state variables via the
interface. The controller is further designed to carry out a comparison of the reference
value with at least one measurement value of the sensor of the cleaning device and to
adjust at least one correction function in accordance with the comparison and also to
automatically correct future measurement values of the sensor of the cleaning device

using the correction function.

The cleaning device can be designed, in particular, to carry out a method according to
one or more of the refinements presented above. Accordingly, reference can be made

to the above description for possible refinements of the cleaning device.

The cleaning device can have, in particular, at least one cleaning chamber and can be
designed, in particular, to apply at least one cleaning fluid, that is to say a liquid
and/or gaseous detergent, to washware in the cleaning chamber. For example, the
cleaning device can contain one or more nozzles for this purpose. The cleaning

chamber can be a single cleaning chamber or can also comprise a plurality of cleaning
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chambers. In particular, the cleaning chamber can also comprise a cleaning tunnel.
Therefore, the washware can, in general, be stationary in the cleaning chamber or can

be transported through the cleaning chamber.

The controller can be designed, in particular, to carry out at least one cleaning
program. In this case, a cleaning program is intended to be understood to be a
sequence of program steps in which the washware is treated in different ways. For
example, the cleaning program can comprise pre-washing, main washing,
disinfection, drying or a combination of two or more of said method steps. However,

other refinements are also possible in principle.

The controller can be designed, in particular, to detect and/or to set the at least one
state variable during the cleaning program. For example, the controller can be
designed to detect and, for example, to record a temperature within the cleaning
chamber and/or a temperature of the cleaning fluid during the cleaning program. In
this way, it is possible, as stated above, for example, for thermal equivalents which
have been applied to the washware to be detected. However, as an alternative or in
addition, the controller can also be designed to influence one or more state variables
in a targeted manner, for example by the temperature in the cleaning chamber and/or
the temperature of the cleaning fluid being adjusted in a targeted manner. By way of
example, the controller can comprise a regulating means in order to adjust the

temperature and/or another state variable to a setpoint value.

As stated above, the cleaning device can be selected, in principle, from the field of
dishwashing technology, in particular commercial dishwashing technology, or from
the field of cleaning utensils for example. In particular, the cleaning device can be
selected from the group comprising: a dishwasher, in particular a commercial
dishwasher, preferably a batch dishwasher and/or a conveyor dishwasher; and a
cleaning and disinfection apparatus for cleaning containers for collecting human
waste. Reference can be made, for example, to DE 10 2007 025 263 A1, which is

described above and describes both cleaning and disinfection apparatuses and also



10

15

20

25

30

DK/EP 3051996 T3

-4 -

batch and conveyor dishwashers, or to DE 10 2004 056 052 Al for possible
refinements of these cleaning devices. However, other refinements are also possible in

principle.

A construction kit is proposed in a further aspect of the present invention. Within the
scope of the present invention, a construction kit, also called kit, is intended to be
understood to be, in general, a combination of two or more elements which are
independent 1in principle and can be handled independently but, within the scope of
the present invention, can interact in order to fulfill a prespecified purpose of the

construction kit. The construction kit comprises:

e the cleaning device according to one or more of the refinements presented
above, and
e  at least one calibration sensor,
wherein the construction kit is designed to carry out the method according to the

present invention.

The method, the cleaning device and the construction kit according to the present
invention exhibit numerous advantages over conventional methods and devices.
Therefore, the method can be carried out both within the scope of production of the
cleaning device and also, for example, within the scope of maintenance work or
installation work in practical use or field use. Calibration sensors include, for
example, measurement devices, for example sensors which can be inserted into the
cleaning chamber through one or more openings. Furthermore, commercial data
loggers which can be used, for example, after programming and activation, for
example in the cleaning chamber, also called treatment chamber, and which can
record measurement values can be used. These recordings can then be called up by
the data logger and electronically transmitted to the controller. Data loggers can
usually be designed in a fully encapsulated manner and can communicate with a base
station and/or with the controller by radio in a wireless manner. Data loggers can be

designed, for example, as temperature data loggers or else as pressure data loggers.
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Loggers for other physical measurement values, such as the degree of moisture for

example, are feasible and commercially available.

In particular, a large number of complicated manual steps which are susceptible to
faults can be avoided with the proposed method. For example, in particular within the
scope of the present invention, manual intervention in a control system of the cleaning
device can be avoided, so that a high level of expenditure in respect of time and a high
degree of susceptibility to faults can be avoided. The process can be carried out in an

at least largely automated manner.

In particular, an automatic temperature sensor test and/or an automatic temperature
sensor calibration or even, as stated above, automatic thermal equivalent validation,
for example A0 value validation, can be carried out. In this case, independent
measurement systems can be used as the calibration sensor or calibration sensor
system in general. For example, as stated above, data loggers from the controller of
the machine can be used for said calibration purposes. The independent measurement
system, which acts as a calibration sensor, can also comprise sensors for a plurality of
measurement points. For example, a calibration sensor can comprise a plurality of

individual sensors for a plurality of measurement points.

The basis for carrying out the present method can be corresponding controller
hardware and/or controller software of the cleaning device which can be implemented
entirely or partially in the controller or which can also be at least partially integrated
into other constituent parts of the cleaning device. The cleaning device can therefore

be designed in a safety-oriented and inherently safe manner.

As stated above, the at least one reference value can be transmitted to the controller in
various ways. In particular, transmission can be performed by means of radio, for
example a radio protocol such as Bluetooth for example. The transmission protocol

can contain at least one time stamp, for example, in order to avoid inconsistencies.
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Furthermore, the transmission protocol can contain the respectively relevant
measurement data and/or reference values and also possibly one or more control
commands. Further contents of the transmission protocol can be, for example, one or
more items of identification information. Therefore, in general, at least one additional
item of information can be transmitted in addition to the at least one reference value a
in method step b), for example at least one additional item of information selected
from the group comprising: an item of time information, in particular a time stamp; a
control command and an item of identification information. The item of identification
information can identify, for example, the respective calibration sensor, and therefore
a plurality of calibration sensors can also be used for example. The item of
identification information can prevent the transmitted information of different
calibration sensors being mixed up. Furthermore, as an alternative or in addition,
proof of the valid calibration of the independent calibration sensor, which can be
designed as an independent measurement system, and/or of constituent parts of said

calibration sensor can be demonstrated.

As stated above, the controller can be designed to match the time stamps. The
controller can further be designed to initiate one or more of method steps a) and/or b)
in full or in part. For example, the controller can be designed to initiate the calibration
measurement. By way of example, the controller can trigger temperature
measurement in the form of an individual value or a series of a certain quality on the
calibration sensor with a defined apparatus identification number. The controller can
be designed to receive measurement data, in particular one or more reference values,
from the calibration sensor, for example the independent temperature measurement
system, with the same apparatus identification number and, for example, to check for
plausibility on the basis of the time stamp. The controller can further be designed to
perform corresponding evaluations from the measurement data of the at least one
calibration sensor and the at least one sensor which is integrated in the cleaning
device, said evaluations having been described above in general as adjustment of a
correction function. By way of example, a function of the measurement chain, which
is incorporated in the cleaning device, in the form of one or more sensors can be

confirmed, or a malfunction can be identified, in this way. In general, this function
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can be called a diagnosis function. Furthermore, it is possible, as an alternative or in
addition, for a required correction value for the measurement chain to be calculated
and for a parameter for adapting the measurement value of the incorporated
measurement chain to the actual value to be generated/changed, that is to say for the

temperature measurement chain to be calibrated.

The evaluations and derived measures can be stored internally in the controller of the
cleaning device. In general, evaluations, test records and/or status and diagnosis data
can also be transmitted from the controller to suitable terminal devices in a wireless or

wired manner.

Checking the at least one sensor of the cleaning device, for example an incorporated
measurement chain, by means of the at least one calibration sensor, for example by
means of a radio thermal logger, provides a large number of advantages over known
methods. In particular, this checking is possible without using other hardware and/or
software equipment. In particular, this checking can be performed without additional
apparatuses such as a laptop, computer or similar additional devices for example. In
this respect, the outlay on equipment for implementing the method according to the

invention is low.

Furthermore, the calibration measurement can be carried out, in particular, without
using special temperature calibrators, water baths or similar additional expenditure on
equipment. The calibration according to the present method can, in particular, check
the sensors of the cleaning device in their installed state, so that the actual state, that is
to say the actual wiring, circuitry and design, of the measurement chain of these
sensors can also be checked. As a result, a maximum degree of accuracy and safety
can be achieved when checking functioning. In addition, expenditure which is usually
necessary for disassembling the sensors and separately checking the sensors can be

avoided or at least reduced.
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Functional checking of the cleaning device on a test rig after assembly and/or in the
field after any possible repair or maintenance work can be performed only using a
commercially available data logger, for example using a commercially available
thermal logger. Owing to the additional use of the measurement values of the
calibration sensor, for example the data logger, during automatic calibration, virtually
no additional work is required on the part of the user and/or the maintenance

personnel.

Therefore, a cost-effective and reliable method can be realized, with no compromises
in respect of the accuracy of the measurements having to be made when said method
is applied during production of the cleaning device and/or during maintenance on site,
so that the entire sensor measurement chain can be checked and calibrated with a

comparatively low level of expenditure on equipment and handling work.

It is also possible for a plurality of sensors of the cleaning device to be checked and
matched in one calibration process, for example by the at least one calibration sensor
having a plurality of calibration sensors which can be addressed at the same time or
one after the other by the controller of the cleaning device. As an alternative or in
addition, the controller can also comprise calibration software which, for example,
instructs and/or prompts maintenance personnel to move the calibration sensor to
different regions of the cleaning device in succession and/or to place the calibration
sensor at different points. This ensures a high degree of flexibility and the calibration

process can be implemented in a reliable manner with respect to handling in this way.

As stated above, the invention is not restricted to calibrating temperature sensors. As
an alternative or in addition to one or more temperature sensors, one or more other
types of sensor can be calibrated and, in particular, matched, for example one or more

pressure Sensors and/or one or more moisture sensors.

In summary, the following embodiments are particularly preferred within the scope of

the present invention:
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Embodiment 1: Method for calibrating a cleaning device, wherein the cleaning device
has at least one sensor for detecting at least one state variable, wherein the method

comprises the following steps:

a) carrying out a calibration measurement, wherein the at least one state variable
is detected and at least one reference value is determined by means of at least
one calibration sensor independently of the sensor of the cleaning device;

b) establishing an electronic connection between the calibration sensor and a
controller of the cleaning device, and electronically transmitting the reference
value to the controller; and

c) comparing the reference value with at least one measurement value of the
sensor of the cleaning device and adjusting at least one correction function in
accordance with the comparison, wherein future measurement values of the
sensor of the cleaning device are automatically corrected using the correction

function.

Embodiment 2: Method according to the preceding embodiment, wherein method step

b) is carried out automatically.

Embodiment 3: Method according to one of the preceding embodiments, wherein

method step c) is carried out automatically.

Embodiment 4: Method according to one of the preceding embodiments, wherein,
during the comparison of the reference value with the at least one measurement value
of the sensor in method step c), at least one difference between the reference value and
the measurement value is calculated, wherein the correction function contains the
difference as an offset, wherein the offset is automatically subtracted from future
measurement values of the sensor of the cleaning device or is automatically added to

future measurement values of the sensor of the cleaning device.

Embodiment 5: Method according to one of the preceding embodiments, wherein,

during the comparison of the reference value with the at least one measurement value



10

15

20

25

30

DK/EP 3051996 T3

-30 -

of the sensor in method step c), at least one quotient between the reference value and
the measurement value is calculated, wherein the correction function contains the
quotient or the inverse of said quotient as a correction factor, wherein the correction
factor is automatically multiplied by future measurement values of the sensor of the

cleaning device.

Embodiment 6: Method according to one of the preceding embodiments, wherein the
state variable contains at least one variable selected from the group comprising: a
temperature, in particular a temperature in a cleaning chamber of the cleaning device
and/or a temperature of at least one cleaning fluid; a pressure, in particular a pressure
in a cleaning chamber of the cleaning device; a degree of moisture, in particular a
degree of moisture in a cleaning chamber of the cleaning device; a volume flow and/or
a mass flow, in particular a volume flow and/or a mass flow in a section of a line

system of the cleaning device.

Embodiment 7: Method according to one of the preceding embodiments, wherein the
electronic transmission in method step b) exclusively involves transmission in

electronic form.

Embodiment 8: Method according to one of the preceding embodiments, wherein

method step b) is carried out via at least one electronic interface.

Embodiment 9: Method according to one of the preceding embodiments, wherein
method step b) is carried out by means of a wireless connection, in particular a radio

connection.

Embodiment 10: Method according to one of the preceding embodiments, wherein an
interface selected from amongst an infrared interface, a WLAN interface and a

Bluetooth interface is used in method step b).

Embodiment 11: Method according to one of the preceding embodiments, wherein
method step b) is carried out using a docking station, wherein the calibration sensor is

connected to the docking station in order to establish the electronic connection,
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wherein the reference value is transmitted from the calibration sensor to the docking
station, and wherein the reference value is transmitted to the controller by the docking

station.

Embodiment 12: Method according to one of the preceding embodiments, wherein the
calibration sensor has at least one data memory and is designed to detect a plurality of

reference values and to store said plurality of reference values in the data memory.

Embodiment 13: Method according to the preceding embodiment, wherein the

plurality of reference values comprises a time sequence of the reference values.

Embodiment 14: Method according to one of the two preceding embodiments, wherein
the calibration sensor is further designed to store in the data memory the time points at
which the reference values were detected for each of the plurality of reference values.
Embodiment 15: Method according to the preceding embodiment, wherein the
controller is designed to register, in addition to the at least one measurement value of
the sensor of the cleaning device, at least one time point at which the measurement
value was detected and to compare the time point at which the measurement value was

detected with the time points at which the reference values were detected.

Embodiment 16: Method according to one of the four preceding embodiments,
wherein the calibration sensor is designed to transmit the plurality of reference values

to the controller.

Embodiment 17: Method according to one of the preceding embodiments, wherein, in
method step ¢), a warning is generated when, during the comparison of the reference
value with the measurement value, a deviation outside a predefined tolerance range is

ascertained.

Embodiment 18: Method according to one of the preceding embodiments, wherein, in
method step c), a freedom-from-fault message is output when, during the comparison
of the reference value with the measurement value, a deviation within a predefined

freedom-from-fault range is ascertained.
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Embodiment 19: Method according to one of the preceding embodiments, wherein the
calibration sensor is an encapsulated calibration sensor which can be operated

independently without an external energy supply.

Embodiment 20: Method according to one of the preceding embodiments, wherein the

calibration sensor is a data logger.

Embodiment 21: Method according to one of the preceding embodiments, wherein,
before carrying out method step a), the method furthermore comprises the following

method step:

d) carrying out a calibration process for calibrating the calibration sensor, wherein

the calibration sensor is calibrated in accordance with a predefined standard.

Embodiment 22: Method according to the preceding embodiment, wherein a calibrator
is used in order to carry out the calibration process in method step d), wherein the
calibrator is designed to set a state variable, which is detected by the calibration sensor

during the calibration process, to a defined value.

Embodiment 23: Method according to one of the preceding embodiments, wherein,
after carrying out method step c¢), the method furthermore comprises the following

method step:

e) terminating the electronic connection between the calibration sensor and the

controller.

Embodiment 24: Method according to the preceding embodiment, wherein, after
carrying out method step ), the method furthermore comprises the following method

step:
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f) carrying out at least one cleaning program for cleaning washware by means of
the cleaning device, wherein the cleaning program is controlled by the controller,

taking into account the correction function.

Embodiment 25: Method according to one of the preceding embodiments, wherein the
state variable comprises at least one temperature, wherein the cleaning device is
designed to monitor a thermal hygiene effect on washware taking into account the
temperature during a cleaning program, wherein method step c¢) comprises adjustment

of a correction function for the thermal hygiene effect.

Embodiment 26: Method according to one of the preceding embodiments, wherein

method steps a) and b) are carried out in an iterative and continuous manner.

Embodiment 27: Method according to one of the preceding embodiments, wherein, in

method step c¢), the correction function is stored in a data memory of the controller.

Embodiment 28: Cleaning device for cleaning washware, comprising at least one
sensor for detecting at least one state variable, further comprising at least one
controller, wherein the controller has at least one interface for establishing an
electronic connection to at least one calibration sensor, wherein the controller is
designed to receive at least one reference value, which is detected by the calibration
sensor independently of the sensor of the cleaning device, of the state variables via the
interface, wherein the controller is further designed to carry out a comparison of the
reference value with at least one measurement value of the sensor of the cleaning
device and to adjust at least one correction function in accordance with the comparison
and also to automatically correct future measurement values of the sensor of the

cleaning device using the correction function.

Embodiment 29: Cleaning device according to the preceding embodiment, wherein the
cleaning device has at least one cleaning chamber and is designed to apply at least one

cleaning fluid to washware in the cleaning chamber.
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Embodiment 30: Cleaning device according to either of the preceding embodiments
which relates to a cleaning device, wherein the controller is designed to carry out at

least one cleaning program.

Embodiment 31: Cleaning device according to the preceding embodiment, wherein the
controller is designed to detect and/or to set the state variable during the cleaning

program.

Embodiment 32: Cleaning device according to one of the preceding embodiments
which relates to a cleaning device, wherein the cleaning device is selected from the
group comprising: a dishwasher, a container washer, a disinfection washer and a

cleaning and disinfection apparatus for cleaning containers for collecting human waste.

Embodiment 33: Construction kit comprising:

- the cleaning device as claimed in one of the preceding embodiments which
relates to a cleaning device, and

- at least one calibration sensor,

wherein the construction kit is designed to carry out the method according to one of the

preceding embodiments which relates to a method.

Brief description of the figures

Further details and features of the invention can be found in the following description
of preferred exemplary embodiments, in particular in conjunction with the dependent
claims. In this case, the respective features may be implemented on their own or in
combination with one another in groups of two or more. The invention is not limited to
the exemplary embodiments. The exemplary embodiments are shown schematically in
the figures. Identical reference numerals in the individual figures denote elements
which are the same or have the same function or correspond to one another in terms of

their functions.

Specifically:
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figure 1: shows a construction kit and a cleaning device according to the
present invention; and

figure 2: shows a calibration unit of a controller of a cleaning device.

Description of the exemplary embodiments

Figure 1 shows an exemplary embodiment of a construction kit 110 according to
the invention which comprises a cleaning device 112 and at least one calibration
sensor 113. In the text which follows, the invention is described by way of
example using the example of a cleaning device 112 in the form of a dishwasher
or a cleaning and disinfection apparatus having a cleaning chamber 114 in which
a cleaning fluid 124 can be applied to washware, not illustrated in any detail, by
means of a nozzle system 116, a supply line 118 and a pump 120 from a tank 122
during operation. The cleaning fluid is heated by a heating device 126, for
example a flow heater and/or a boiler. It should be noted that numerous other
embodiments of the cleaning device 112 are feasible. For example, embodiments
in which steam is used as cleaning fluid 124 at least in one method step are
feasible, and therefore a steam generator can be provided for example.
Furthermore, cleaning devices 112 in which, in contrast to the illustrated batch
cleaning device 112, also called a single-chamber batch cleaning device 112, a
plurality of chambers can be provided, for example in the form of conveyor
dishwashers in which the washware passes through a plurality of chambers, are

feasible.

The cleaning device 112 has a controller 128 which is only symbolically shown
in figure 1. This controller 128 can comprise, for example, a central computer
unit 130 and/or a data memory 132. The controller is designed to control and/or
to regulate the operation of the cleaning device 112. To this end, the controller

128 can control and/or regulate, for example, operation of the pump 120 and/or
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of the heating device 126. Furthermore, the controller 128, for example the
central computer unit 130, can be designed, for example, to control one or more
cleaning programs. The central computer unit 130 can comprise, for example, a
data processing device, in particular at least one microcomputer, in which, for
example, parameters for the program sequence of the at least one cleaning

program can be stored.

In order to be able to correctly control the cleaning device 112, the controller 128
accesses information in one or more sensors 134 (denoted by S in figure 1). The
at least one sensor 134 may be, for example, at least one temperature sensor.
However, as stated above, other examples are also possible. The sensor 134 can
detect, for example, a temperature in the interior of the cleaning chamber 114.
The controller 128 and, in particular, the central computer unit 130 can be
designed, for example, to track a temperature profile in the interior of the
cleaning chamber 114 and, for example in accordance with one or more of the
methods described in DE 10 2004 056 052 A1 and/or DE 10 2007 025 263 A1,
to calculate thermal equivalents which are applied to the washware during
cleaning. This can be performed, for example, in accordance with corresponding

standards, as stated above.

Furthermore, the cleaning device 112 preferably has a calibration unit 136 in this
or in other exemplary embodiments. This calibration unit 136 can be, for
example, a constituent part of the central computer unit 130 or else can form a
separate unit, wherein a centralized or else decentralized design of the calibration
unit 136 is possible. The calibration unit 136 can also be designed entirely or
partially in the form of one or more program modules which can be a constituent
part of a program-related device of the controller 128. The calibration unit 136 is
connected to an interface 138 which is a constituent part of the controller 128
and by means of which the controller 128 can communicate with the at least one
calibration sensor 113 (denoted by KS in figure 1). The at least one calibration
sensor is designed to detect the same state variable which is also detected by the

sensor 134. By way of example, both the sensor 134 and the calibration sensor
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113 can be designed to detect a temperature. If a plurality of sensors 134 are
provided, said sensors can detect the same state variables or else different state
variables. In this case, calibration sensors 113 can be provided for one or more of
these state variables in each case. By way of example, figure 1 shows an example
in which both the sensor 134 and the calibration sensor 113 detect a temperature

in the interior of the cleaning chamber 114 as a state variable.

However, the at least one sensor 134 generally does not only comprise the actual
sensor element 140 but furthermore generally also has a series of further
elements in the form of supply lines, measurement printed circuit boards,
amplifiers, converters or similar elements, and therefore a measurement chain is
run through before finally the controller 128 and there, in particular, the central
computer unit 130 are provided with a measurement value (denoted by M in

figure 1).

The calibration sensor 113 is designed to communicate with the controller 128
via the interface 138. The calibration sensor 113 can, for example, have a
dedicated interface for this purpose. In particular, said interface may be a radio
interface and particularly preferably a Bluetooth interface. A radio connection
142 is symbolically shown in figure 1. However, other connections are also
possible in principle. At least one reference value V, which is generated by the
calibration sensor 113, is transmitted to the controller 128 and there, in
particular, to the central computer unit 130 by means of the radio connection

142.

Figure 1 shows a state during a calibration measurement in which the calibration
sensor 130 actually carries out a calibration measurement and detects the at least
one state variable independently of the sensor of the cleaning device. In this and
in other exemplary embodiments, this detection is preferably performed at least
approximately at the same time, for example within a predefined time window,

so that the measurement value M and the reference value V are detected at least
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approximately at the same time within the scope of a calibration measurement.
After the calibration measurement is carried out, the calibration sensor 130 can
be removed from the cleaning device 112 again and can be used, for example, to
calibrate other cleaning devices. Therefore, figure 1 does not show normal
operation of the cleaning device 112 but rather a state which is preferably

assumed exclusively during a calibration operation.

Figure 2 schematically shows the calibration unit 136 which processes the
measurement value M of the sensor S and the reference value V of the
calibration sensor KS by these values being compared and by a correction
function being determined. By way of example, a difference between the values
M and V can be calculated in a simple manner, as shown in figure 2, wherein an
offset O is generated by way of example, it then being possible to store said
offset, for example, in the data memory 132 again. During normal operation of
the cleaning device 112, for example while a cleaning program is being carried
out, this offset O can then be subtracted, for example, from measurement values
of the sensor S or added to said measurement values. However, other correction
functions are also possible in principle. For example, as stated above, the thermal

equivalents can be corrected.

Furthermore, the calibration unit 136 can also fulfill diagnosis functions. For
example, during the comparison, the determined offset O in one or more
comparison units 150 can be compared with one or more threshold values
(symbolically denoted by SW in figure 2). According to this comparison, a
diagnosis result D can be created, for example in the form of a warning and/or in

the form of a freedom-from-fault message.

The radio connection 142 shown in figure 1 merely constitutes an exemplary
embodiment of a possible electronic connection 144 between the calibration
sensor 113 and the controller 128. As stated above, other refinements can also be

used.
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The calibration sensor 113 can be designed, in particular, as a data logger 146
and can comprise, for example, a dedicated data memory 148. Reference values
and possibly additional information, such as time stamps for example, can be
stored in this data memory 148. Said additional information can also be
transmitted to the controller 128 by means of the electronic connection 144.
Furthermore, at least one identification number of the data logger 146 can be
transmitted by means of the electronic connection 144. By way of example,
reference can be made to the sensors and data loggers manufactured by ebro
Electronic GmbH, Ingolstadt, Germany, for possible data loggers. A temperature
data logger with a radio connection, for example an EBI 10-T100 type data
logger, can be used for example. However, as an alternative or in addition, a

large number of other calibration sensors 113 can also be used.
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List of reference symbols

110 Construction kit
112 Cleaning device
113 Calibration sensor
114 Cleaning chamber
116 Nozzle system
118 Supply line

120 Pump

122 Tank

124 Cleaning fluid
126 Heating device
128 Controller

130 Central computer unit
132 Data memory

134 Sensor

136 Calibration unit
138 Interface

140 Sensor element
142 Radio connection
144 Electronic connection
146 Data logger

148 Data memory

150 Comparison unit
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FREMGANGSMADE TIL KALIBRERING AF EN RENG@RINGSANORDNING

PATENTKRAV

1. Fremgangsmdde til kalibrering af en renggringsanordning (112), hvilken
renggringsanordning (112) er forsynet med i det mindste en sensor (134) til
registrering af i det mindste en tilstandsvariabel, kendetegnet ved, at

fremgangsméaden omfatter folgende trin:

a) gennemfagrelse af en kalibreringsmdling, hvor den i det mindste ene
tilstandsvariabel registreres ved hjeelp af i det mindste en kalibreringssensor
(113) uafhaengigt af sensoren (134) i renggringsanordningen (112), og der

tilvejebringes i det mindste en referenceveerdi;

b) etablering af en elektronisk forbindelse mellem kalibreringssensoren (113) og
en styring (128) i renggringsanordningen (112) og elektronisk overfgrsel af

referencevaerdien til styringen (128); og

) sammenligning af referencevaerdien med i det mindste en méleveerdi fra
sensoren (134) i renggringsanordningen (112) og tilpasning af i det mindste en
korrektionsfunktion i overensstemmelse med sammenligningen, og hvor
fremtidige maéleveerdier fra sensoren (134) i renggringsanordningen (112)

automatisk korrigeres med korrektionsfunktionen.

2. Fremgangsmdde ifalge det foregdende krav, ved hvilken der ved sammenligningen af
referenceveerdien med den i det mindste ene méleveerdi fra sensoren (134) i
fremgangsmddetrin c) dannes i det mindste en difference mellem referenceveerdien og
maleveerdien, hvor korrektionsfunktionen indeholder differencen som offset, og hvor
offsettet automatisk treckkes fra fremtidige madleveerdier fra sensoren (134) i
renggringsanordningen (112) eller laegges til fremtidige malevaerdier fra sensoren (134)

i renggringsanordningen (112).

3. Fremgangsmade ifalge et af de foregdende krav, ved hvilken der ved sammenligningen
af referencevaerdien med den i det mindste ene madleveerdi fra sensoren (134) i
fremgangsmddetrin c) dannes i det mindste en kvotient mellem referenceveerdien og

méleveerdien, hvor korrektionsfunktionen indeholder kvotienten eller dennes reciprokke
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veerdi som korrektionsfaktor, og hvor korrektionsfaktoren automatisk multipliceres med

fremtidige mélevaerdier fra sensoren (134) i renggringsanordningen (112).

Fremgangsmdde ifalge et af de foregdende krav, ved hvilken tilstandsvariablen
indeholder i det mindste en variabel, der er udvalgt fra gruppen bestdende af: en

temperatur; et tryk; en fugtighed; en volumenstrgm og/eller en massestrgm.

Fremgangsmdde ifolge et af de foregdende krav, ved hvilken fremgangsmadetrin b)

gennemfgres via en tradlgs forbindelse.

Fremgangsmade ifalge et af de foregdende krav, ved hvilken kalibreringssensoren (113)
er forsynet med i det mindste et datalager (148) og er indrettet til at registrere et flertal

af referenceveerdierne og gemme dem i datalageret (148).

Fremgangsmade ifalge det foregdende krav, ved hvilken flertallet af referencevaerdierne

omfatter en tidsmaessig sekvens af referenceveerdierne.

Fremgangsmadde ifglge et af de to foregdende krav, ved hvilken kalibreringssensoren
(113) desuden er indrettet til i hvert enkelt tilfeelde at gemme tidspunkterne for
registreringen af referenceveerdierne for flertallet af referenceveerdierne i datalageret
(148).

Fremgangsmadde ifglge det foregdende krav, ved hvilken styringen (128) er indrettet til
foruden den i det mindste ene mdleveerdi fra sensoren (134) i renggringsanordningen
(112) at registrere i det mindste et tidspunkt for registreringen af mdleveerdien og
afstemme tidspunktet for registreringen af madleveerdien med tidspunkterne for

registreringen af referenceveaerdierne.

Fremgangsmade ifglge et af de foregdende krav, ved hvilken der i fremgangsmadetrin
c) genereres en advarsel, ndr der ved sammenligningen af referenceveerdien med

madleveerdien konstateres en afvigelse uden for et pd forhdnd fastlagt toleranceomrdde.

Fremgangsmade ifglge et af de foregdende krav, ved hvilken der i fremgangsmadetrin
c) udsendes en fejlfrihedsmeddelelse, ndr der ved sammenligningen af
referenceveerdien med madlevaerdien konstateres en afvigelse inden for et pd forhdnd
fastlagt fejlfrihedsomréde.
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Fremgangsmade ifalge et af de foregdende krav, ved hvilken kalibreringssensoren (113)
er en indkapslet kalibreringssensor (113), der kan drives selvstaendigt uden ekstern

energiforsyning.

Fremgangsmade ifalge et af de foregdende krav, ved hvilken tilstandsvariablen omfatter
i det mindste en temperatur, idet renggringsanordningen (112) er indrettet til under
hensyntagen til temperaturen under et renggringsprogram at overvdge en termisk
hygiejnevirkning pd genstandene, der renggres, hvor fremgangsmadetrin ¢) omfatter en

tilpasning af en korrektionsfunktion for den termiske hygiejnevirkning.

Renggringsanordning (112) til renggring af et genstande, og som omfatter i det mindste
en sensor (134) til registrering af i det mindste en tilstandvariabel og desuden omfatter
i det mindste en styring (128), kendetegnet ved, at styringen (128) indeholder i det
mindste en greenseflade (138) til etablering af en elektronisk forbindelse til i det
mindste en kalibreringssensor (113), at styringen (128) er indrettet til via graensefladen
(138) at modtage i det mindste en referenceveerdi for tilstandsvariablen, der er
registreret af kalibreringssensoren (113) uafhaengigt af sensoren (134) i
renggringsanordningen (112), at styringen (128) desuden er indrettet til at foretage en
sammenligning af referenceveerdien med i det mindste en mdleveerdi fra sensoren
(134) i renggringsanordningen (112) og tilpasse i det mindste en korrektionsfunktion i
overensstemmelse med sammenligningen og automatisk korrigere fremtidige
mdleveerdier fra sensoren (134) i renggringsanordningen  (112) med

korrektionsfunktionen.

Byggeseet (110), der omfatter:

- renggringsanordningen (112) ifglge det foregdende krav og

- i det mindste en kalibreringssensor (113),

hvor byggesaettet (110) er indrettet til at gennemfare fremgangsmdden ifalge et af de

foregdende fremgangsméadekrav.
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