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DESCRIPTION

[0001] The present invention relates to a method and a device for producing a beverage from
a capsule, for example by extracting at least one beverage ingredient contained in the capsule.
The method and device of the present invention apply a step of prewetting of the at least one
beverage ingredient in the capsule, before the beverage ingredient is extracted and the
beverage is dispensed.

[0002] Prewetting is generally known from the state of the art. For example, the state of the art
proposes supplying a capsule containing a beverage ingredient with a predefined quantity of
water, so that the beverage ingredient is soaked with the water. After pausing for a few
seconds (by interrupting the water supply into the capsule) for prewetting, the water supply into
the capsule is resumed, in order to extract a beverage from the beverage ingredient and to
dispense the beverage from the capsule. Prewetting has the advantage that the extraction
quality of the beverage ingredient, which may for example be roast or ground coffee, is
improved. In particular, aromatic compounds of the beverage ingredient are better captured by
the water before being dispensed as the beverage.

[0003] EP 0 250 810 A1 discloses a capsule, which is provided with a delivery membrane
having a line of weakening that breaks, when the pressure in the capsule reaches a certain
threshold value. In a prewetting phase, water is introduced into the capsule at a certain
pressure value, in order to make coffee contained inside the capsule swell but to keep the
delivery membrane unharmed. The water slowly distributes in the coffee bed, and the water
supply is shortly stopped as long as the delivery membrane is still closed. The prewetting
phase is maintained for a couple of seconds, until the coffee in the capsule is uniformly wetted
and the aromatic compounds of the coffee are well captured by the water. Thereafter, air is
injected into the capsule, in order to tear the delivery membrane along its line of weakness,
and to dispense the extracted beverage from the capsule.

[0004] EP 2 001 343 B1 discloses a capsule, which is provided with water for prewetting at a
pressure of at least 3 bar during a period of 1 s to 60 s. Thereafter, an outlet of the capsule is
opened, and the extracted beverage is dispensed. The pressure required for the prewetting
phase is detected by a pressure detector.

[0005] A problem with detecting the pressure as described above is that a measurement signal
output from the pressure detector is not precise enough. In particular, when the pressure
condition to be reached is detected by the pressure detector, the delivery membrane of the
capsule is generally already perforated. Additionally, when there is too much water in the
capsule, the coffee bed may be compacted and as a consequence the pressure in the capsule
may increase too much, and make the further coffee extraction difficult. In the worst case, the
pump supplying the water into the capsule blocks.

[0006] The state of the art further describes a method, in which the pressure is maintained by
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feeding a preset volume of water into an extraction chamber or a capsule by operating a water
pump for a preset period of time. However, also for this method the pressure detection is not
precise enough. This is particularly due to the fact that the volume of water depends on the
volume of coffee contained in the capsule.

[0007] In view of the state of the art and the above mentioned problems, there is need for a
method and device, which allow determining more precisely and more clearly the time point, at
which the capsule is correctly filled with water for prewetting.

[0008] Therefore, the present invention intends to provide an improved method and device for
producing a beverage from a capsule. In particular, the present invention has the object to
improve a prewetting step, in particular by measuring more precisely a time point for
interrupting a volume of water fed into the capsule for prewetting. The present invention
thereby aims for a simple and efficient measurement technique.

[0009] The object of the present invention is solved by the subject-matter of the independent
claims. The core idea of the present invention is to use a flow meter for measuring a flow of
water into the capsule, and to obtain a plurality of parameters by analyzing the flow meter
signal. The parameters are indicative of the optimal time point of interrupting the flow of water
into the capsule to obtain the ideal volume of water for prewetting, and are generally obtained
by mathematical operations applied to the flow meter signal. Further advantageous
implementations of the solution of the present invention are presented in the dependent
claims.

[0010] In particular, the present invention is directed to a method for producing a beverage
from a capsule containing at least one beverage ingredient, the method comprising feeding a
first volume of water into the capsule for prewetting the at least one beverage ingredient,
interrupting the flow of water into the capsule for a predetermined waiting time, feeding a
second volume of water into the capsule for extracting the at least one beverage ingredient,
and dispensing the produced beverage, wherein the time point of interrupting the flow of water
into the capsule is determined by evaluating a measurement signal output by a flow meter,
wherein the time point of interrupting the flow of water into the capsule is determined at least
based on a gradient of a flow rate gradient evaluated from the measurement signal of the flow
meter.

[0011] The method based on the evaluation of the flow meter measurement signal allows for a
precise determination of the time point of interrupting the flow of water into the capsule. In
particular, the method can be applied to measure precisely said time point for different capsule
types. The ideal first volume of water, which is the water volume used for prewetting, can thus
be fed into the capsule. Thus, the prewetting phase can be carried out properly, for example,
without already breaking an opening face of the capsule and dispensing the beverage. In
particular, the prewetting time can be set more precisely. As a result the production of the
beverage can be improved from a technical point of view. For example, the flow time and the
yield may be increased. Furthermore, the precise prewetting time also improves the taste of
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the produced beverage, since aromatic compounds in the at least one beverage ingredient can
be well captured by the water, and can be transferred to the produced beverage most
efficiently. In particular, the beverage can thus be produced with more complex tastes, with
more body and with stronger aromatics. The present invention applies particularly well for
coffee beverages produced from coffee ingredients, like roast or ground coffee, contained in
the capsule.

[0012] Advantageously, an outlet face of the capsule is opened by feeding the second volume
of water into the capsule.

[0013] By opening the outlet face of the capsule with the second volume of water, dedicated
opening means in a beverage production machine may be omitted. Furthermore, the pressure
can be kept high during the whole dispensing time of the beverage, which increases the taste
of the produced beverage.

[0014] However, it is also possible - and for certain beverages to be produced also beneficial
for determining the optimal filling with water for prewetting - that the flow of water is interrupted
after the capsule has been opened. In this case, preferably a delay time is added to the time
point determined by evaluating the measurement signal of the flow meter. The delay time is
preferably a few hundreds of milliseconds, most preferably 300 to 500 ms.

[0015] Advantageously, the second volume of water is fed into the capsule at a pressure of
between 3 and 20 bar, preferably 5 and 17 bar.

[0016] With these preferred pressure values, the optimum yield and the best taste of the
produced beverage are achieved.

[0017] Advantageously, the time point of interrupting the flow of water into the capsule is
determined based on a flow rate evaluated from the measurement signal of the flow meter.

[0018] The flow rate is preferably the absolute instantaneous value of the flow rate derived
directly from the measurement signal of the flow meter. The flow rate can be simply calculated
by the volume of water flowing into the capsule within a predetermined amount of time. Flow
meters typically deliver a signal, which changes polarity for each fixed volume of water passing
through the flow meter. The time between the polarity changes is preferably measured to
determine a precise flow rate in a simple manner.

[0019] Advantageously, the flow rate evaluated from the measurement signal of the flow meter
is compared with a first threshold value, and the flow of water into the capsule is interrupted
after the evaluated flow rate reaches the first threshold value.

[0020] When the flow rate reaches or drops below the first threshold value, which may for
example be 5.5 ml/s, the measurement signal output by the flow meter reflects well the slowing
down of the flow rate, as the capsule fills with water. Thus, the flow rate is indicative of the time
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point, at which the capsule is properly filled with a suited first volume of water for the prewetting
phase. The flow rate threshold is used as a necessary condition before the flow of water is
interrupted. Using the flow rate as the only necessary condition is in principle possible, but not
the preferred solution, because it compromises on the preciseness of the measurement.
Preferably, the flow rate is thus used as a precondition that must be fulfiled when a further
condition is met. Details of such a further condition are described below.

[0021] The time point of interrupting the flow of water into the capsule is determined based at
least on a gradient of a flow rate gradient evaluated from the measurement signal of the flow
meter. According to the invention, the time point of interrupting the flow of water into the
capsule is determined based on the evaluated flow rate and a gradient of a flow rate gradient
evaluated from the measurement signal of the flow meter.

[0022] Taking additionally into account the gradient of the flow rate gradient according to the
above combination of parameters improves the accuracy of the determination of the time point
of interrupting the flow of water into the capsule, and thus the accuracy of the optimal first
volume of water.

[0023] Advantageously, the gradient of the flow rate gradient is compared with a second
threshold value, preferably a negative value, and the flow of water into the capsule is
interrupted, when the flow rate reaches the first threshold value and the gradient of the flow
rate gradient reaches the second threshold value.

[0024] The flow rate threshold is thus placed as precondition that must be fulfiled when the
gradient of the flow rate gradient threshold is reached. The determination of the above
conditions, i.e. the precondition that the flow reaches and/or drops below the first threshold
value and the main condition that the gradient of the flow rate gradient reaches or drops below
the negative threshold value, provides a particularly precise indication for the time point, at
which the capsule is filled with the right amount of water for prewetting.

[0025] Advantageously, the gradient of the flow rate gradient is analyzed for a local maximum
and is compared with a third threshold value, preferably a positive value, and the flow of water
into the capsule is interrupted, when the flow rate reaches the first threshold value and the
gradient of the flow rate gradient is at a local maximum and has reached the third threshold
value.

[0026] When the local maximum of the gradient of the flow gradient is detected, and when at
the same instant the gradient of the flow rate gradient reaches, or is higher than, a third
threshold value, the optimal amount of water for prewetting fills the capsule. Thus, the time
point for interrupting the water flow, in order to start the prewetting time, can be precisely
determined.

[0027] Advantageously, the second threshold value and the third threshold value, respectively,
are selected such that the first volume of water fills about 85% to 90% of the total volume of the
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capsule at the time point of interrupting the flow of water into the capsule.

[0028] Preferably, a certain margin is selected for the second and third threshold value,
respectively, in order to ensure the proper filling of the capsule with water. Thereby, the
prewetting of the beverage ingredient can be improved.

[0029] Advantageously, the flow rate is evaluated from the measurement signal of the flow rate
meter after a predetermined delay time from the start of the feeding of the first volume of
water.

[0030] Shortly after the start of feeding of water into the capsule, for example by activating a
pump, the evaluated flow rate values may not be representative (e.g. because the flow meter
is moving too fast) . As a consequence the flow rate gradient and the gradient of the flow rate
gradient may exhibit huge variations, especially if a solenoid pump is used. Therefore, the
predetermined delay time is useful to discard potentially imprecise values of the flow rate.
Consequently, the determination of the time point for interrupting the flow of water into the
capsule may be carried out more precisely.

[0031] Advantageously, the predetermined waiting time is selectable by a user and/or is
between about 1 and 3 s.

[0032] Preferably, the prewetting time can be flexibly set by a user of a machine performing
the method of the present invention. Alternatively, the prewetting time may be chosen
automatically. 1 s determines a short prewetting phase, and 3 s determines a long prewetting
phase. The user may continuously choose in between the short and the long prewetting phase
according to a desired taste of the produced beverage. Alternatively, a machine performing the
method of the present invention may determine the best prewetting time based on a
determination of the capsule type.

[0033] Advantageously, the measurement signal of the flow meter is evaluated by a moving
window averaging method calculated on a predetermined number of samples and with a
predetermined filter time.

[0034] For example, the number of samples may be N = 4, and the filter time may be t1 = 10
ms for each control loop of the process. Thus, a total filter time constant may be 4*t1 = 40 ms.
The width of the moving window ATW may, for example, be set as four times the total filter time
constant, i.e. ATW =160 ms.

[0035] Advantageously, the time point of interrupting the flow of water into the capsule
determined by evaluating the measurement signal of the flow meter is verified based on a
measurement signal of a pressure sensor.

[0036] By additionally using the pressure sensor, the preciseness of the determination derived
from the flow meter signal can be verified. Preferably, the pressure sensor is only used for
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experimental control, in order to determine the correctness of all signals and the calculation
model. The verification, for example, allows a conclusion as to whether the flow meter
functions correctly or is in need to be replaced or repaired. It is also possible that the
measurement signal of the flow meter and the measurement signal of the pressure sensor are
evaluated together. For example, the respective results may be added and/or averaged.

[0037] The present invention is further directed to a device for producing a beverage from a
capsule containing at least one beverage ingredient, wherein the device is configured to carry
out the method according to the above described implementations.

[0038] The device preferably has means, which are configured to carry out the individual
method steps of the present invention described above. In particular, such means can include
a pump, a water reservoir, a flow meter, a pressure sensor, a control unit, a capsule holder,
dispensing means, opening means or the like.

[0039] In particular, the present invention is directed to a device for producing a beverage from
a capsule containing at least one beverage ingredient, the device comprising a pump for
feeding water from a water reservoir into the capsule, a flow meter for measuring the flow of
water into the capsule and for outputting a measurement signal to a control unit, the control
unit being configured to control the pump to feed a first volume of water into the capsule for
prewetting the at least one beverage ingredient, interrupt the flow of water into the capsule for
a predetermined waiting time, and control the pump to feed a second volume of water into the
capsule for extracting the at least one beverage ingredient. The device further comprises
optionally opening means for opening an outlet face of the capsule, and comprises dispensing
means for dispensing the produced beverage from the capsule, wherein the control unit is
configured to determine the time point of interrupting the flow of water into the capsule by
evaluating a measurement signal of the flow meter.

[0040] With the device of the present invention, the same advantages as described above for
the method of the present invention are achieved. The device of the present invention may be
further configured to carry out all method steps described above. Therefore, additional means
may be added to the device, or the control unit may be provided with additional configurations
and functions.

[0041] The present invention is described in the following in more detail with reference to the
attached drawings.

Fig. 1 is a schematic diagram of a device according to the present invention.

Fig. 2 illustrates how a measurement signal of a flow meter is evaluated according to a method
of the present invention.

Fig. 3 shows a specific example of how a measurement signal of a flow meter is evaluated
according to the method of the present invention.
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Fig. 4 shows parameters obtained from a measurement signal of a flow meter according to the
present invention, and illustrates how prewetting is carried out accordingly.

Fig. 5 shows parameters obtained from a measurement signal of a flow meter according to the
present invention, and illustrates how prewetting is carried out accordingly.

[0042] Fig. 1 shows a block diagram of a device 8 according to an embodiment of the present
invention for producing a beverage from a capsule 1. The capsule 1 contains at least one
beverage ingredient 2 and may be a sealed capsule 1. The capsule 1 may be a rigid or semi-
rigid capsule, a pod, a pouch, a cartridge or an extraction chamber of a beverage production
machine. The at least one beverage ingredient 2 may be coffee, ground coffee, coffee powder,
tea powder, tea leaves, milk powder, taste imparting ingredients, a mixture thereof or similar
ingredients suitable for extracting, brewing and/or dissolving to produce a beverage.

[0043] For producing a beverage from the capsule 1, a liquid, preferably water, needs to be
fed into the capsule 1. Therefore, the device 8 is preferably provided with a pump 6 for
pumping water from a water reservoir 7, like a container or tank, into the capsule 1.
Alternatively, the liquid may also comprise or be milk, tea, chocolate, syrup or the like. The
pump 6 is preferably a solenoid piston pump, but can be any kind of pressure pump. Before
entering the capsule 1, the water can further be pumped through a heating device, for example
a boiler or an in-line heater, in order to prepare a hot beverage from the capsule 1.

[0044] The device 8 is further equipped with a flow meter 3, is installed and configured to
measure the flow of water fed, for example by the pump 6, into the capsule 1. A corresponding
measurement signal 10 is output by the flow meter 3. The measurement signal 10 is preferably
output to a control unit 5 of the device 8, which is preferably enabled to operate the pump 6.
Typically, the measurement signal 10 of the flow meter 3 is a signal, which changes its polarity
for each fixed volume of water passing through the flow meter 3 and entering the capsule 1.

[0045] Optionally, the device 8 further includes a pressure sensor 4 installed and configured to
measure the pressure of the water fed into the capsule 1 and/or the water pressure inside of
the capsule 1. The pressure sensor 4 outputs a measurement signal 20 to the control unit 5.

[0046] The control unit 5 is configured to operate the pump 6 based on an analysis or
evaluation of the measurement signal 10, and preferably the measurement signal 20. In
particular, the control unit 5 is configured to evaluate the measurement signal 10 for indicative
parameters, in order to determine precisely an ideal time point for interrupting the flow of water
into the capsule 1, i.e. for interrupting the flow of water after a first volume of water has been
fed into the capsule 1, which is optimal for prewetting the at least one beverage ingredient 2 in
the capsule 1. When the control unit 5 determines based on its analysis of the measurement
signal 10 that the optimal time point of interrupting the flow of water is reached for having the
ideal first volume of water for prewetting, the control unit 5 is configured to interrupt the flow of
water into the capsule 1 for a predetermined waiting time. Therefore, the control unit 5 may
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stop or pause the pump 6, or may close a valve downstream of the pump 6. Preferably, the
predetermined waiting time is between 1 s and 3 s. The predetermined waiting time
corresponds to the prewetting time of the at least one beverage ingredient 2 in the capsule 1.
After the predetermined waiting time, the control unit 5 is configured to control the pump 6 to
resume the water flow, and to start feeding a second volume of water into the capsule 1. The
second volume of water is preferably chosen based on the capsule type, i.e. the kind of
beverage to be produced. The second volume of water extracts or dissolves the at least one
beverage ingredient 2, preferably completely, and may further cause an outlet face 1a of the
capsule 1 to open due to the rising water pressure within the capsule. For example, the outlet
face 1a of the capsule 1 may deform and break at a predetermined breaking line. Alternatively,
the outlet face 1a can be pushed by the water pressure against rupturing or perforation means
for tearing the face 1a. The rupturing or perforation means may be included inside the capsule
1 or may be installed in a beverage production machine. The rupturing or perforation means
are operated by the rise of pressure, which is caused by the feeding of the second volume of
water into the capsule 1. Alternatively, the beverage device 8 may also include other opening
means for opening the outlet face 1a of the capsule 1 independent from the water pressure.
For example, perforation means may be moved against the outlet face 1a. The opening means
may also be a valve in the capsule such as a slit or a ketchup valve. WWhen the outlet face 1a of
the capsule 1 is opened, the beverage produced inside the capsule 1, for example by
extraction, is dispensed, preferably through dispensing means of the beverage device 8.

[0047] Fig. 2 shows a typical measurement signal 10 as output from the flow meter 3. Each
time a certain volume AV passes through the flow meter 3, the signal 10 produces a rising
edge, and e.g. changes its polarity. At each rising edge the flow rate 11 (abbreviated as F) may
be determined in units of, for example, ml/s. In particular, the flow rate 11 can be simply
calculated from the volume difference AV and the time difference At between two rising edges,

namely by
F = AV/AT [ml/s].

[0048] Preferably, the flow rate 11 is determined only after a certain delay from the start of the
measurement signal 10, for example after a fixed delay of e.g. 1.5 s or a delay of one or more
rising edges.

[0049] Furthermore, at each rising edge a flow rate gradient 12 may be determined. The flow
rate gradient 12 is the change of the flow rate 11, i.e. how fast the flow rate 11 changes in a
predetermined period of time At. The flow rate gradient 12 is preferably determined in units of

ml/s2. The flow rate gradient 12 (abbreviated as FG) is in particular calculated as the derivative

of the flow rate 11 by
FG = AF/AT = AV/AT? [ml/s?].

[0050] In particular, for an observation window of ATW
FG = AF/AT? = (I'(t) - F(t-ATW)) / ATW.
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[0051] Further, the speed of the variation of the flow rate 11 (i.e. how the fast flow rate 11 is
changing) can be derived as the so-called gradient 13 of the flow rate gradient 12. Typically,

said gradient 13 of the flow rate gradient 12 is obtained in units of ml/s3. The gradient 13 of the
flow rate gradient 12 is also measured at the rising edge. The gradient 13 of the flow rate
gradient 12 (abbreviated by GFG) is computed in a similar way as the flow rate gradient 12

itself, namely by
GFG = AFG/AT? = (FG(t) - FG(t-ATW)) / ATW.

[0052] Some other mathematical analysis may be performed to evaluate the measurement
signal 10 of the flow meter 3. For example, local maxima of the flow rate gradient 12 or of the
gradient 13 of the flow rate gradient 12 can be determined.

[0053] The determination of the relevant parameters described above can be updated at each
control loop of the process, for example, each t1 = 10 ms. The measurement of the flow is
preferably filtered with a method called "moving window averaging" calculated on a plurality of
samples N, for example N = 4. Thus, the filter time constant is N*t1, for example, 4*10 ms = 40
ms. The moving window ATW is preferably selected as M*t1, for example for M = 4 as ATW =
4*40 ms = 160 ms. However, if implemented by a microcontroller, the method using a division
into constant ATW may be replaced by other operations, like additions and subtractions, in
order to reduce the power consumption.

[0054] Fig. 3 shows a specific example of evaluating the measurement signal 10 of the flow
meter 3. In the example for each volume of 519 pul of water passed through the flow meter 3,
the measurement signal 10 produces a rising edge. The time At between the rising edges can
be evaluated, for example, by the control unit 5 of the device 8. By evaluating the time
difference At from one rising edge to the other, the flow rate 11 can be calculated as described
above. For example as shown in fig. 3, when the time difference At is 45 ms, the flow rate 11 is
11.53 ml/s. If the time difference Atis 35 ms, the flow rate 11 is 14.83 ml/s.

[0055] From the flow rates 11 evaluated at two consecutive rising edges of the measurement
signal 10, the flow rate gradient 12 can be calculated as described above. For example as
shown in fig. 3, for a change of the flow rate 11 from 11.53 ml/s to 14.83 ml/s within At = 35 ms,

the flow rate gradient 12 is 94.28 ml/s2.

[0056] Likewise, the gradient 13 of the flow rate gradient 12 can be derived at two consecutive
rising edges, namely by the change of the flow rate gradient 12. For example as shown in fig.

3, if the flow rate gradient 12 changes from 94.28 ml/s? to -89 ml/s? within At = 50 ms, the
gradient 13 of the flow rate gradient 12 is -3665.6 ml/s>.

[0057] Based on the above-mentioned determined values from the measurement signal 10,
the following conditions a), b) and/or c) may then determined, for example by the control unit 5.
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1.a) As first condition may be determined, whether the absolute flow rate 11 value
evaluated from the measurement signal 10 reaches (i.e. drops to or below) a first
threshold value 14, which may for example be 5.5 ml/s. The first threshold value 14
reflects the slowing down of the flow rate 11, as the capsule 1 fills with water. This first
condition is preferably a precondition, which must be fulfiled for determining the best
instant to stop the feeding of the first volume of water into the capsule 1 preferably
based on further conditions.

2. b) As second condition may be determined, whether the gradient 13 of the flow rate
gradient 13 reaches (i.e. drops to or below) a negative second threshold value 15, for

example a value of -3000 ml/s3. If the gradient 13 of the flow rate gradient 12 reaches
this second threshold value 15, i.e. if the second condition is fulfilled, and additionally the
flow rate 11 has reached the first threshold value 14, i.e. the first (pre)condition is
fulfilled, the best instant to stop the feeding of the first volume of water into the capsule 1
may be determined.

3. ¢) As a third condition may be determined, whether the gradient 13 of the flow rate
gradient 12 exhibits a local maximum 17, and whether at the same instant the gradient
13 of the flow rate gradient 12 has reached (i.e. is at or above) a third threshold value

16, which is for example set as +3000 ml/s3. If the third condition is fulfilled, and if
additionally the flow rate 11 has reached the first threshold value 14, i.e. if also the first
(pre) condition is fulfilled, the best instant to stop the feeding of the first volume of water
into the capsule 1 may be determined.

[0058] The conditions b) and c) of the gradient 13 of the flow rate gradient 12 (i.e. the second
derivative of the flow rate 11) are not arbitrarily monitored conditions, but are monitored
because the following two typical phenomena have been noticed after many experiments.

[0059] Initially - when feeding a first volume of water into a capsule 1 - it has been noticed that
the flow rate 11 is more or less flat or diminishes slowly.

[0060] As first phenomenon has further been noticed that at some point the flow rate 11
decreases abruptly, while at the same time the pressure in the capsule 1 increases abruptly.
Apparently, at first the at least one beverage ingredient 2 2in the capsule 1 absorbs the
introduced water regularly, but then comes abruptly to a saturation causing the pressure to
increase. The saturation occurs just before the necessary pressure for opening the capsule 1,
for instance by breaking an opening face 1a of the capsule 1, is reached. The first
phenomenon is detected by monitoring the second condition b).

[0061] As second phenomenon has further been noticed that shortly before the above-
mentioned saturation occurs, the flow rate 11 suddenly rises again, before it decreases
abruptly. Apparently, at this instant the at least one beverage ingredient absorbs water under
pressure causing the flow rate 11 to increase. The second phenomenon is detected by
monitoring the third condition c).
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[0062] In case of some capsules 1, the monitoring of the third condition c) fails to detect the
second phenomenon, for example, because the local maximum occurs below the third
threshold value 16. However, even in such case the first phenomenon is detected by
monitoring the second condition b), particularly the first phenomenon occurs about 200-300 ms
after the missed second phenomenon.

[0063] The flow rate gradient 12 (i.e. the first derivative of the flow rate 11) is not used for
triggering the interruption of the water flow, because its variability is too high, and thus too
many false conditions occur before a desired true condition is met.

[0064] In general, as best instant for interrupting the flow of water into the capsule 1 is
preferably determined the time point when the conditions a) and b) are met (only if condition b)
is satisfied after condition a)), or when the conditions a) and c) are met (only if condition c) is
satisfied after condition a). In other words, the water flow is preferably interrupted when the
first one of the two conditions b) and c) is met. Monitoring both conditions b) and c) makes the
determination of the time point more precise and more robust (for example, the missed second
phenomenon may be compensated by still detecting the first phenomenon). Monitoring also
the condition a) as a precondition avoids the detection of accidental variations of the gradient
13 of the flow rate gradient 12. However, it is also possible to ignore condition a), and to
determine the time point of interrupting the flow of water into the capsule 1 when any one of
the conditions b) and c) comes first.

[0065] After the best instant to stop the feeding of the first volume of water into the capsule 1 is
determined, a predetermined waiting time is waited. The waiting time corresponds to the
prewetting time, and its duration is preferably 1 s to 3 s. The duration can, however, be
changed by the user or can be selected based on the desired taste for the produced beverage.
The prewetting time with the optimal first volume of water improves the extraction quality, and
particularly the transfer of aroma compounds from the at least one beverage ingredient. Then,
the feeding of water is restarted, i.e. a second volume of water is started to be fed into the
capsule 1, in order to extract or dissolve the at least one beverage ingredient 2, to open the
capsule 1, and to dispense the beverage.

[0066] Figs. 4 and 5 show the above-mentioned parameters evaluated from the measurement
signal 10 of the flow meter 3. In particular, the flow rate 11 (grey dashed line) and the gradient
13 (grey dotted line) of the flow rate gradient 12 are shown. Also a measurement signal 20
(grey solid line) from a pressure sensor 4 is shown, which may be used for verification of the
other signals and the evaluation model. Furthermore, the figs. 4 and 5 show, at which instant
the water flow into the capsule 1 is interrupted. In both figs. 4 and 5 the second condition b)
(solid black line) and the third condition c) (black dashed line) as described above are
illustrated and compared.

[0067] For the capsule used exemplarily in fig. 4 (a Nespresso Dulsao capsule), the feeding of
water into the capsule 1 is interrupted according to the precondition a) and the third condition
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¢) indicating the occurrence of the second phenomenon, i.e. is interrupted when the flow rate
11 has reached (has dropped to or below) the first threshold value 14, and the gradient 13 of
the flow rate gradient 12 has reached (has risen to or above) the third threshold value 16 and
then exhibits a local maximum 17. In case of the capsule shown in fig. 4, the detection of the
second phenomenon is successful, and triggers the interruption of the water flow. The second
condition b) indicating the occurrence of the first phenomenon is fulfiled after the third
condition c). With interrupting the water flow, the prewetting time starts.

[0068] For the capsule used exemplarily in fig. 5 (a Nespresso Livanto capsule), the
precondition a) and the second condition b) indicating the occurrence of the first phenomenon
is used, in order to determine when to interrupt the water flow into the capsule 1. In particular,
the flow of water is interrupted when the flow rate 11 has reached (has dropped to or below)
the first threshold value 14, and the gradient 13 of the flow rate gradient 12 reaches (drops to
or below) the negative second threshold value 15. In case of the capsule shown in fig. 5, the
detection of the second phenomenon has failed before the occurrence of the first
phenomenon, because the local maximum did not reach the third threshold value 16. The third
condition c) indicating the occurrence of the second phenomenon may still be fulfilled after the
second condition b) has been met.

[0069] The method of the present invention is of particular advantage if different capsule types
are to be used with the same beverage production device 8. With the method of the present
invention, the best instant for interrupting the flow of water, and thus the ideal volume of water
for prewetting, may be determined precisely for each capsule type.

[0070] In summary, the present invention provides a method for determining precisely the
volume of water to be used for prewetting at least one beverage ingredient 2 in a capsule 1,
and particularly the best time point for interrupting the supply of the water into the capsule 1.
Thereby the flow time and the yield of the produced beverage can be increased, and the taste
of the produced beverage can significantly be improved. The method of the present invention
is very precise, and nevertheless provides a very simple implementation, which may be used
by a beverage production device 8.
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Patentkrav

1. Fremgangsmade til fremstilling af en drik fra en kapsel (1) indeholdende
mindst én drikbestanddel (2), hvilken fremgangsmade omfatter at

tilfgre et forste vandvolumen ind i kapslen (1) til forveedning af den mindst ene
drikbestanddel (2),

afbryde vandstrammen ind i kapslen (1) i en forudbestemt ventetid,

tilfgre et andet vandvolumen ind i kapslen (1) til ekstrahering af den mindst ene
drikbestanddel (2), og

udlevere den fremstillede drik,

kendetegnet ved at tidspunktet for afbrydning af vandstremmen ind i kapslen
(1) bestemmes ved evaluering af et malesignal (10) udgivet af en
gennemstrgmningsmaler (3) og

hvor tidspunktet for afbrydning af vandstrgmmen ind i kapslen (1) bestemmes
mindst baseret pa en gradient (13) af en stremningshastighedsgradient (12)
evalueret fra malesignalet (10) af gennemstrgmningsmaleren (3).

2. Fremgangsmade til fremstilling af en drik ifglge krav 1, hvor
en udlgbsside (1a) af kapslen (1) 8bnes ved at tilfgre det andet vandvolumen ind i

kapslen (1).

3. Fremgangsmade til fremstilling af en drik ifglge krav 1 eller 2, hvor
det andet vandvolumen tilfgres ind i kapslen (1) ved et tryk pa mellem 3 og 20

bar, fortrinsvis 5 og 17 bar.

4. Fremgangsmade til fremstilling af en drik ifglge et af kravene 1 til 3, hvor
tidspunktet for afbrydning af vandstrgmmen ind i kapslen (1) bestemmes mindst
baseret pa en strgmningshastighed (11) evalueret fra malesignalet (10) af

gennemstrgmningsmaleren (3).

5. Fremgangsmade til fremstilling af en drik ifglge krav 4, hvor
strgmningshastigheden (11) evalueret fra malesignalet (10) af
gennemstrgmningsmaleren (3) sammenlignes med en fgrste taerskelvaerdi (14),

og
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2

vandstroammen ind i kapslen (1) afbrydes efter den evaluerede
strgmningshastighed (11) nar den fgrste taerskelvaerdi (14).

6. Fremgangsmade til fremstilling af en drik ifglge krav 1, hvor

gradienten (13) af stramningshastighedsgradienten (12) sammenlignes med en
anden taerskelvaerdi (15), og

vandstremmen ind i kapslen (1) afbrydes, nar stremningshastigheden (11) nar
den fgrste taerskelveerdi (14) og gradienten (13) af
strgmningshastighedsgradienten (12) nar den anden taerskelvaerdi (15).

7. Fremgangsmade til fremstilling af en drik ifglge krav 1, hvor

gradienten (13) af streamningshastighedsgradienten (12) analyseres for et lokalt
maksimum og sammenlignes med en tredje taerskelvaerdi (16), og
vandstrgmmen ind i kapslen (1) afbrydes, nar stremningshastigheden (11) nar
den fgrste taerskelveerdi (14) og gradienten (13) af
strgmningshastighedsgradienten (12) er ved et lokalt maksimum og har naet den
tredje taerskelvaerdi (16).

8. Fremgangsmade til fremstilling af en drik ifglge et hvilket som helst af kravene
6 eller 7, hvor respektivt

den anden taerskelvaerdi (15) og den tredje taerskelvaerdi (16), vaelges saledes at
det fgrste vandvolumen fylder ca. 85% til 90% af det totale volumen af kapslen
(1) ved tidspunktet for afbrydning af vandstrgmmen ind i kapslen (1).

9. Fremgangsmade til fremstilling af en drik ifglge et hvilket som helst af kravene
1 til 8, hvor

strgmningshastigheden (11) evalueres fra malesignalet (10) af
gennemstrgmningsmaleren (3) efter en forudbestemt forsinkelsestid fra starten af
tilfgrslen af det fgrste vand volumen.

10. Fremgangsmade til fremstilling af en drik ifslge et hvilket som helst af
kravene 1 til 9, hvor

den forudbestemte ventetid er valgbar af en bruger og/eller er mellem ca.
1o0g 3s.
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11. Fremgangsmade til fremstilling af en drik ifslge et hvilket som helst af
kravene 1 til 10, hvor

malesignalet (10) af gennemstrgmningsmaleren (3) evalueres af en bevaegende-
vindues-gennemsnitsfremgangsmade beregnet pa et forudbestemt antal praver og
med en forudbestemt filtreringstid.

12. Fremgangsmade til fremstilling af en drik ifslge et hvilket som helst af
kravene 1 til 11, hvor

tidspunktet for afbrydning af vandstremmen ind i kapslen (1) bestemt ved
evaluering af malesignalet (10) af gennemstrgmningsmaleren (3) verificeres

baseret pa et malesignal (20) af en tryksensor (4).

13. Indretning (8) til fremstilling af en drik fra en kapsel (1) indeholdende mindst
én drikbestanddel (2), hvilken indretning (8) omfatter

en pumpe (6) til tilfgrsel af vand fra et vandreservoir (7) ind i kapslen (1),

en gennemstrgmningsmaler (3) til maling af vandstremmen ind i kapslen (1) og til
at udgive et malesignal (10) til en styreenhed (5),

styreenheden (5) er konfigureret til at

- styre pumpen (6) til tilfgrsel af et fgrste vandvolumen ind i kapslen (1) til

forvaedning af den mindst ene drikbestanddel (2),

- afbrydning af vandstremmen ind i kapslen (1) i en forudbestemt ventetid,

og

- styre pumpen (6) til tilfgrsel af et andet vandvolumen ind i kapslen (1) til

ekstrahering af den mindst ene drikbestanddel (2),

eventuelt abningsorgan til abning af en udlgbsside (1a) af kapslen (1), og
udleveringsorgan til at udlevere den fremstillede drik fra kapslen (1),

hvor styreenheden (5) er konfigureret til at bestemme tidspunktet for afbrydning
af vandstrgmmen ind i kapslen (1) ved evaluering af et malesignal (10) af

gennemstrgmningsmaleren (3) og,
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hvor tidspunktet for afbrydning af vandstrammen ind i kapslen (1) bestemmes
mindst baseret pa en gradient (13) af en stremningshastighedsgradient (12)
evalueret fra malesignalet (10) af gennemstrgmningsmaleren (3).
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