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(57)  The present disclosure relates to a computer-
implemented method for determining whether toinitiate a
defrosting process of a cooling device usable in an in-
dustrial environment, the method comprising: determin-
ing that the defrosting process is to be initiated, compris-
ing one or more of the following steps: determining thata
predetermined minimum duration of time that the cooling
device is actively cooling is reached; determining that a
cooling intensity is larger than or equal to a predeter-
mined cooling intensity value; and/or determining that a
predetermined maximum duration of time the cooling
device is actively cooling is reached; if it has been de-
termined that the defrosting process is to be initiated:
initiating the defrosting process of the cooling device. The
present disclosure further relates to a corresponding
computer program, control unit, cooling device and sys-
tem.
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Description
Technical field

[0001] The present invention relates to a computer-
implemented method for determining whether toinitiate a
defrosting process of a cooling device as well as to a
corresponding computer program, control unit, device
and system.

Technical background

[0002] Cooling devices, specifically air coolers, oper-
ate based on evaporative cooling which is a process that
uses the evaporation of a refrigerant to cool the air of
cooling rooms and cold stores that are oftentimes used in
industrial environments, e.g., in the realm of food and
beverage industry or pharma industry. For a refrigerant,
such as water or ammonia to change from a liquid to a
gaseous state, energy is required. This energy is drawn
from the surrounding air of the cooling device decreasing
the temperature of the surrounding air in the process.
Cooling devices, generally applied in the food and bev-
erage industry or pharmaindustry often require keeping a
room or cold storage at subzero degrees temperatures.
In this case water vapor in the air to be cooled may lead to
ice formation at the evaporator of the cooling unit.
[0003] Ice buildup compromises the device’s ability to
effectively cool the air and thus might lead to higher
operating temperatures in a zone with a target tempera-
ture to be maintained. In order to be able to maintain a
desired target temperature, however, more cooling is
required due to the ice buildup, which leads to increased
energy consumption of the cooling device. In addition,
exceeding operating weight due to strong ice formation
may cause a dangerously heavy load which may have
negative consequences. Due to the increased weight of
the cooling device caused by the ice, its anchoring to a
wall may become too weak, for example, causing the
cooling device to fall off the wall.

[0004] Thus, cooling devices must typically be de-
frosted from time to time to maintain cooling efficiency
and to avoid safety hazards from the excessive weight of
the ice buildup. Similar to other thermodynamic pro-
cesses, defrosting processes are limited in efficiency
such that only a fraction of energy used during the de-
frosting process actually contributes to melting the ice
formation. This leads to anincreased power consumption
of the cooling device. There is a direct correlation be-
tween the number of defrost operations and energy
consumption of the cooling device. Thus, it is essential
to optimize the number of defrost operations to avoid
unnecessary defrosting of the cooling device by at the
same time ensuring that operation of the cooling device is
not negatively affected by ice buildup.

[0005] In conventional methods for controlling the ex-
ecution of defrosting processes, defrosting processes
are performed according to a fixed predefined defrosting
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schedule. This means that a cooling device, like an air
cooler, performs its defrosting processes at one or more
predefined points in time. Such a defrosting schedule
may be adapted to defrosting processes conducted by
other air coolers that cool the same cooling room, plant,
or cold storage. The defrosting schedules of two or more
cooling devices operating in the same environment may
be configured such that their defrosting processes do not
overlap, i.e., the defrosting processes of the two or more
cooling devices are conducted at different points in time.
This ensures consistent cooling of the environment,
which is a priority especially in industrial environments
where it may be critical if the room temperature fluctuate
too much. However, determining the setup of a fixed
defrosting schedule (i.e., which cooling device should
initiate a defrosting operation at which time) requires
expert evaluation and observations during the first
months of the environment’s operation. While determin-
ing the setup of a fixed defrosting schedule for two or
more air coolers is reliable and widely applied, it is ex-
tremely time consuming. In addition, the fixed schedule
may lead to conducting defrosting processes that are not
required as the cooling devices are not yet subject to
strong ice buildup.

[0006] A further disadvantage of fixed defrosting sche-
dules is the requirement for readjustment of the sched-
uled defrosting cycles. For instance, after a change of a
production profile or a change in the ambient conditions
(i.e., changes in temperature between warm and cold
seasons) readjustment of the defrosting schedule is
needed. In addition, daily changes that are present in
modern production plants and warehouse facilities are
not taken into account through seasonal readjustments.
[0007] In view of these disadvantages, the presently
known fixed scheduling of defrost operations may not
always lead to the desired results. There is thus a need to
improve the presently used fixed defrosting schedules
such that the number of unnecessary defrosting pro-
cesses is reduced by at the same time essentially main-
taining a desired target temperature of a room that is
cooled by more than one cooling device.

[0008] Against this background, an object of the pre-
sent invention is to address one or more or all of the
above-mentioned disadvantages.

Summary of the invention

[0009] The above-mentioned objects and other ob-
jects, which become apparent from the following descrip-
tion, are solved by the subject-matter of the independent
claims. Preferred embodiments are subject of the depen-
dent claims.

[0010] A 1stembodiment of the invention is directed to
a computer-implemented method for determining
whether to initiate a defrosting process of a cooling
device usable in an industrial environment, the method
comprising: determining that the defrosting process is to
be initiated, comprising one or more of the following
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steps: determining that a predetermined minimum dura-
tion of time that the cooling device is actively cooling is
reached; determining that a cooling intensity is larger
than or equal to a predetermined cooling intensity value;
and/or determining that a predetermined maximum dura-
tion of time the cooling device is actively cooling is
reached; if it has been determined that the defrosting
process is to be initiated: initiating the defrosting process
of the cooling device.

[0011] By determining thata minimum duration of time
that the cooling device is actively cooling is reached, it is
ensured that the defrosting process is only initiated after
enough time has passed so that ice formation could have
taken place. In contrast, in a fixed defrosting schedule,
the defrosting process is initiated at a predetermined
point in time. For instance, assume that a cooling device
is schedule to defrost once a day at 12 pm. However,
since the last defrosting took place, it was not required for
the cooling unit to cool at all. In a fixed scheduled defrost-
ing, the cooling unit would still start a defrosting process
regardless of whether ice has actually accumulated or
not. In contrast, requiring a minimum duration of time that
the cooling device has actively cooled ensures that a
defrosting process is only initiated if ice could theoreti-
cally have been accumulated or build up. Thus, initiating
a cooling process only after a minimum duration of ac-
tively cooling has been reached may lead to reduced
consumption of electrical power by the cooling device, as
an unnecessary cooling process may be avoided. A
further advantage is the flexibility of the defrosting sche-
dule, in contrast to the conventional fixed schedule de-
frosting.

[0012] Similarly, initiating a defrosting process if a
maximum duration of time that the cooling device is
actively cooling is reached, may ensure that the cooling
device is not operating for too long without being de-
frosted. The advantage of carrying out a defrosting pro-
cess after a certain maximum duration is that a defrosting
process is always carried out at some point, regardless of
whether a lot or a little cooling has taken place. In this
manner, hardware failures of the cooling device such as
internal leakage from a valve or the like may be pre-
vented. Having a maximum duration of time as a require-
ment for initiating a defrosting process can be derived
from the fact that even when the general heat load
covered by a single cooling device can be very small,
a slow formation of ice can still occur. Consequently,
taking into account a maximum duration of time that
the cooling device is actively cooling may be considered
as a safety measure that prevents hardware failure and
could improve commissioning of the cooling device.
Moreover, considering a maximum duration of active
cooling could lead to lower maintenance requirements.
[0013] By determining that a cooling intensity is larger
than or equal to a predetermined cooling intensity value,
the intensity of the cooling activity is taken into account.
The intensity of the cooling activity is correlated to the
amount of ice that is formed as the ice buildup may lower
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the heat transfer between an evaporator of the cooling
unit and the surrounding air to be cooled. For instance, a
cooling device that is actively cooling but at a very low
intensity (e.g., expected temperature -15 °C and current
temperature - 14,5 °C), the ice formation is not as pro-
minent as in the case where the cooling unit is actively
cooling at a high intensity (e.g., expected temperature
-15 °C and current temperature -13 °C). This could pre-
venta cooling device toinitiate a defrosting process when
the defrosting process is actually not yet required. Ac-
cordingly, an advantage of considering the cooling in-
tensity of the cooling device is reduced power consump-
tion which arises from avoiding unnecessary defrosting.
Moreover, the lifetime of the cooling device may be im-
proved due to a reduced overall number of defrosting
cycles.

[0014] A further advantage of the present invention
relating to a method for determining whether to initiate
a defrosting process of a cooling device as described
above may be that it does not require retrofitting the
cooling device. While alternative approaches would re-
quire the installation of sophisticated sensing technology,
the current invention leverages already existing compo-
nents of the cooling device. Using already existing com-
ponents further facilitates maintenance and commission-
ing of the cooling device since it does not require the
acquisition of additional skills for performing such tasks.
[0015] According to a 2"d embodiment, the step of
determining that the defrosting process is to be initiated
further comprises: determining that a predefined defrost
time is reached.

[0016] Determining that a predefined defrost time is
reached ensures that defrosting only takes place at pre-
defined times. This may prevent defrosting from being
carried out at undesirable times and thus may provide a
certain control of the defrosting processes. This is parti-
cularly relevant in industrial set-ups with several cooling
devices where constant cooling is required, e.g., in cold
storages or cooling rooms of warehouse facilities of the
food and beverage industry or the pharma industry that
needs to be kept at a certain temperature at all times and
is powered by several cooling devices. Food and phar-
maceutical processing systems are tailored to transport,
store and process food and pharmaceutical products
such as medicine, focusing on ensuring safety, improving
shelf life, and meeting quality standards essential for
consumer satisfaction and public health. Determining
predefined defrosting times enables a warehouse facility
manager to program the defrosting times of the cooling
devices in such a manner that they are staggered and to
avoid the scenario in which all cooling devices are under-
going a defrosting process at the same time. In summary,
this may provide the security of knowing at what time the
cooling unit could theoretically undergoes a defrosting
process. This in turn may provide enhanced manage-
ment of an environment comprising one or more cooling
devices.

[0017] According to a 3" embodiment, determining
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that the cooling intensity is larger than or equal to the
predetermined cooling intensity value further comprises:
obtaining an integral temperature value; comparing the
integral temperature value against the predetermined
cooling intensity value.

[0018] Obtaining an integral temperature value and
comparing that value against the predetermined cooling
intensity value provides a reliable manner in which to
quantify whether the predetermined intensity of the cool-
ing operation has been reached. The intensity of the
cooling operation could be derived from various factors.
However, temperature may have the advantage of being
accurate and reliable factor for the determination of the
cooling intensity. This is because temperature can easily
be obtained through, for examples temperature sensors.
Moreover, temperature measurements may provide the
amount of accuracy that is required for the precise de-
termination of the cooling intensity. Another advantage of
using temperature as a metric may be that the obtaining
of temperature readings is a default for cooling devices
emphasizing the compatibility of the present invention
with the existing technology and no need for retrofitting
the cooling device.

[0019] According to a 4th embodiment, obtaining the
integral temperature value further comprises: receiving a
first and second temperature value from a temperature
sensor arranged in the vicinity of the cooling device;
calculating a first difference between the received first
temperature value and a target cooling temperature;
calculating a second difference between a second tem-
perature value and the target cooling temperature; and
accumulating the calculated first and second difference.
[0020] Arranging the temperature sensor in the vicinity
of the cooling device may provide the advantage of
obtaining an accurate local temperature measurement,
i.e., the temperature close to the cooling device is taken
into account. This may be beneficial as the temperature
close to the cooling devices may best reflect the workload
of the cooling device. Calculating the difference between
the first received temperature value and a target cooling
temperature value and performing the same operation for
the second received temperature value may have the
advantage of presenting a reliable unit for comparison. In
other words, the difference between a measured tem-
perature value and the target temperature value may
provide an accurate indicator for cooling intensity of
the cooling device. Having several temperature mea-
surements and accumulating the calculated differences
may provide a suitable metric for measuring the intensity
of the cooling operation of the cooling device.

[0021] According to a 5" embodiment, the first and
second temperature value are obtained at different points
in time.

[0022] Obtaining the first and second temperature va-
lue at different point in time clarifies that the integral value
is not just observed at a single moment in time but rather
over a time span. This may provide the advantage of
obtaining a more accurate result with regards to the
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cooling intensity of the cooling device. While taking tem-
perature measurements a single point in time may only
provide a snapshot into a cooling scenario, taking tem-
perature measurements at multiple points in time pro-
vides a more holistic view on the cooling scenario. For
instance, the doorto a coolingroom may be closed attime
point A and opened at time point B. Only considering
temperature measurements for point A or only consider-
ing temperature measurements for point B would distort
the quantification of the actual cooling scenario. In con-
trast, taking into account temperature measurements at
point A where the door is closed and at point B where the
door is opened (i.e., multiple points in time) may provide
the advantage of delivering a more accurate description
of the cooling scenario.

[0023] According to a 6" embodiment, the predeter-
mined cooling intensity value is within a range of 1,5
Kelvin Hours and 0,5 Kelvin Hours, and is preferably
1,0 Kelvin Hours.

[0024] Kelvin Hours are a physical unit for quantifying
cooling intensity. Thus, indicating the measured cooling
intensity in Kelvin Hours may provide compatibility with
other methods or systems that use the respective unit.
Moreover, Kelvin Hours may ease the understanding of
the cooling intensity by personnel. In addition, the men-
tioned ranges (i.e., between 1,5 Kelvin Hours and 0,5
Kelvin Hours and preferably 1 Kelvin Hours) may provide
the advantage of delivering suitable results for evaluating
cooling intensity for industrial applications.

[0025] According to a 7t embodiment, the tempera-
ture sensor is preferably arranged at a distance to the
cooling device of about 0 to 2 meters, more preferably of
about 0,5 and 1,5 meters, and most preferred of about 1
meter of the cooling device.

[0026] As previously mentioned, arranging the tem-
perature sensor in the vicinity of the cooling device
may provide the advantage of delivering accurate tem-
perature readings. A distance of about 1 meter may
provide most accuracy since it is not arranged too far
into the room but also not arranged too close to the
cooling device. A distance of about 0,5 to 1,5 meters
may also provide similar advantages. Finally, a distance
of about 0 to 2 meters may also provide similar advan-
tages. If the temperature sensor were arranged further
into the cooling area, the measured temperature value
may not record the effect of the cooling device accurately.
However, arange between 0 and 2 meters provides some
flexibility in positioning the temperature sensor as itis not
always possible to place the sensor close to the cooling
device due to the structure of the area or room to be
cooled. For instance, in a cooling area with several cool-
ing devices it might be unclear which cooling device is
responsible for the measured temperature. On the other
hand, placing the temperature sensor too close to the
cooling unit may not accurately reflect the temperature of
the cooling area but rather that of the cooling device itself.
Consequently, the ranges as suggested above (i.e.0to 2,
1,510 0,5 and preferably 1 meter) may provide a suitable
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distance for avoiding the above mentioned scenarios.
[0027] According to an 8th embodiment, the method
further comprises: measuring the predetermined mini-
mum duration of time from a last defrost operation.
[0028] Measuring the predetermined minimum dura-
tion of time from the last defrost operation ensures that
there was no ice present when the measurement for the
minimum duration of time was started. Since the mini-
mum duration of time should reflect the minimum amount
of time a cooling device has to be actively cooling before
ice is able to form, it is crucial to ensure that this time is
measured from a point in time where there is no ice
present on the cooling device. Accordingly, measuring
the predetermined minimum duration of time from a last
defrost operation may provide the advantage of accu-
rately measuring the minimal time required for ice to form
on the cooling device.

[0029] According to a 9th embodiment, the method
further comprises: measuring the predetermined max-
imum duration of time from a last defrost operation.
[0030] Similar to the minimum duration of time that the
cooling device is actively cooling, the maximum duration
of time that the cooling device is actively cooling is also
measured from the last defrost operation. This again may
provide the advantage of ensuring that there is no ice on
the cooling device when the maximum time duration
measurement starts. This may provide the advantage
of measuring the maximum time duration more accu-
rately.

[0031] According to a 10t embodiment, the method
further comprises: resetting the time that the cooling
device is actively cooling when the defrosting process
is initiated, completed or executed.

[0032] Resetting the time that the cooling device is
actively cooling when the defrosting process is initiated,
completed or executed ensures that the measurements
regarding the minimum duration and the maximum dura-
tion are performed accurately. Both measurements take
into account the time that the cooling device is actively
cooling from the last defrost operation. Thus, resetting
the time that the cooling device is actively cooling at a
specific point in time may provide the advantage of
enabling accurate measurements of the previously men-
tioned time durations.

[0033] According to a 11" embodiment, the cooling
device is an air cooler.

[0034] The above-described embodiments are parti-
cularly well-suited for air coolers as these kind of cooling
devices a typically subject to strong ice formation and
thus typically require a large number of defrosting pro-
cesses to ensure correct and reliable operation.

[0035] A 12thembodimentofthe inventionis directed to
a computer program comprising instructions which, when
executed by a computer, causing the computer to carry
out the method of any one of the embodiments 1 to 11.
[0036] A 13thembodimentofthe inventionis directed to
a control unit for controlling a defrosting process of a
cooling device, the control unit comprising means for
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performing the method of any one of the embodiments
1to 11.

[0037] A14thembodimentoftheinventionis directedto
a cooling device comprising the control unit of embodi-
ment 13.

[0038] A 15thembodimentoftheinventionisdirectedto
a system comprising a plurality of cooling devices, the
system comprising: a first and a second cooling device of
the plurality of cooling devices, each comprising a control
unit, wherein the control unit comprises means for per-
forming the method of embodiments 1 and 2 and any one
of the embodiments 3-11; wherein the predefined defrost
time for each of the first and second cooling device is set
in a non-overlapping manner.

[0039] The predefined defrost time for each of the first
and the second cooling device, preferably air coolers,
being settoin a non-overlapping manner may ensure that
both cooling devices do notinitiate the defrosting process
at the same time. Since cooling devices do not cool
during a defrost process, this may provide an advantage
in situations in which constant cooling must be ensured
such as cooling of food and beverages or medical sup-
plies. For instance, if a storage facility needs to be cooled
to a certain temperature (e.g., because of the medical
supplies that are stored in the facility) and the cooling
devices in that facility begin their separate defrosting
processes at the same time or in overlapping manners,
it may occur that the actual temperature rises over the
desired target temperature. Non-overlapping predefined
defrost times, as described in the present invention may
prevent such situation from occurring.

Brief description of the figures

[0040] Various aspects of the present invention are
described in more detail in the following by reference
to the accompanying figures without the present inven-
tion being limited to the embodiments of these figures.
Fig. 1  illustrates an exemplary cooling scenario ac-
cording to an embodiment of the present in-
vention;

Fig. 2 illustrates a scheduled defrosting timeline of a
first and a second cooling device according to
an embodiment of the present invention;

Fig. 3 illustrates a flow chart representing the deci-
sion process of whether to initiate a defrosting
process according to an embodiment of the
present invention;

Fig. 4 illustrates a cooling device according to an em-
bodiment of the present invention;

Fig. 5 illustrates a computer system according to an
embodiment of the present invention.
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Detailed description of preferred embodiments

[0041] In the following, the invention is described with
reference to the accompanying figures in more detail.
However, the present invention can also be used in other
embodiments not explicitly disclosed hereafter. As de-
tailed below, the embodiments are compatible with each
other, and individual features of one embodiment may
also be applied to another embodiment.

[0042] Throughout the figures and description, the
same reference numerals refer to the same elements,
unless stated otherwise. The figures may not be drawn to
scale, and the relative size, proportions, and depiction of
elements in the figures may be exaggerated for the
purpose of clarity, illustration, and convenience. The
figures do not limit the scope of the claims but merely
support the understanding of the invention.

[0043] Fig. 1 shows an exemplary cooling scenario
100. The aim is to keep the temperature in the room
105 at a target temperature 110. This might for instance
be the case in storage facility for medication or food that
needs to be stored at a specific target temperature 110.
Several cooling devices 120, 130, 140, 150, 160, 170 are
installed in the cooling room 105 to achieve the goal of
keeping the temperature at the specific target tempera-
ture 110. Such a set-up might be common in an industrial
setting where the size of the room 105 that is required to
be kept at the target temperature 110 is too large to be
cooled by a single cooling device. As previously men-
tioned, while the cooling devices are actively cooling,
frost is accumulating, and thus regular defrosting opera-
tions are required to maintain efficiency of the cooling
devices.

[0044] In the scenario 100 of Fig. 1, a performance-
based criterion may be used to assess whether a defrost-
ing process should be initiated. In this case, perfor-
mance-based criteria my refer to the intensity that the
cooling device is actively cooling. This intensity can be
measured by comparing the target temperature 110 with
an actual temperature thatis measure in the vicinity of the
cooling device. Fig. 1 shows the temperature sensors
121, 131, 141, 151, 161, 171 that are located in the
vicinity of the cooling devices.

[0045] In this example, cooling device A 140 is located
in close proximity to the door 101 of the cold storage
facility. This means that the temperature that is measured
by the temperature sensor 141 of cooling device A 140
shows a higher temperature due to the influx of warm air
whenever the door 101 is opened. The temperature
measurements from the temperature sensor 141 of cool-
ing device A 140 might for example be -20,5°C measured
attime X and -20°C measured at time X + 1. On the other
hand, cooling device B 150 is located on the other side of
the cold storage facility where the opening and closing of
the door 101 does not significantly influence the mea-
sured temperature. Accordingly, the temperature mea-
surements from the temperature sensor 151 of cooling
device B 150 might for example be -21°C measured at
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time X and -21°C measured at time X + 1 (i.e., constantly
kept hat the target temperature 110). To arrive at the
cooling intensity value that is measured in Kelvin Hours,
the temperatures that were measured at different points
in time are compared to the target temperature 110 and
the differences are summed. For cooling device A 140
this results in a difference of 0,5 Kelvin Hours (i.e., actual
temperature -20,5°C and target temperature -21°C) + 1,0
Kelvin Hours (i.e., actual temperature -20°C and target
temperature -21°C) which is summed up to a total of 1,5
Kelvin Hours. In contrast, for cooling device B 150, this
results in a difference of 0 Kelvin Hours (i.e., actual
temperature -21°C and target temperature -21°C) + 0
Kelvin Hours (i.e., actual temperature -21°C and target
temperature -21°C) which is summed up to a total of 0
Kelvin Hours. From this comparison it can be seen that
the cooling intensity of cooling device A 140is higher than
that of cooling device B 150 which makes sense since
cooling device A 140 is located closer to the door 101 and
is thus exposed to higher temperature fluctuations.
[0046] The cooling intensity of a cooling device is
linked to the formation of ice. In other words, the higher
the cooling intensity, the more ice accumulates on the
cooling device.

[0047] The presentembodiment makes use of this fact
by measuring the cooling intensity of the cooling device,
as described above, and using it as one criterion for
determining whether to initiate a defrosting operation
of the cooling device. The defrosting process itself may
be performed using one or more of standard available
methods to defrost a cooler unit in an industrial refrigera-
tion arrangement, such defrosting method may be hot
gas defrosting, electric defrosting, chemical defrosting,
ultrasonic defrosting etc.

[0048] Note that for the temperature measurements to
be accurate, the temperature sensors 121, 131, 141,
151, 161, 171 should be located in the vicinity of the
respective cooling devices 120, 130, 140, 150, 160, 170.
More specifically, the temperature sensors may be lo-
cated at a distance of about 0 to 2 meters, preferably ata
distance of about 0,5 to 1,5 meters and most preferably at
about 1 meter from the cooling device. This distance may
provide the advantage of the measured temperature
being indicative of the individual cooling intensity of each
individual cooling device.

[0049] Fig.2shows two scheduled defrosting timelines
210, 220. The upper timeline 210 represents the prede-
fined defrost times for cooling device A 140 and the
bottom time line 220 represents the predefine defrost
times for cooling device B 150. The two horizontal lines
represent time and the vertical lines 211, 212, 213, 221,
222, 223 represent specific point in time at which defrost
operations are scheduled.

[0050] It is to note that the specific defrosting times
(i.e., 211, 221, 212, 222 etc.) are scheduled in a non-
overlapping manner. According to the present embodi-
ment, this means that cooling device A 140 and cooling
device B 150 may never perform defrosting operations at
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the same time. This is particularly relevantin temperature
sensitive environments. Referring back to the example
discussed in Fig. 1, if the door 101 was opened for a
prolonged period of time and all cooling devices were
currently performing a defrosting operation, the current
rise in temperature could not be countered since all
cooling devices are practically disabled at this point.
The non-overlapping defrosting schedule as shown in
Fig. 2 prevents such a scenario. If the door 101 was
opened for a prolonged period of time, there would al-
ways be a cooling device thatis not currently performing a
defrosting operation and could start increasing its cooling
activity to manage the sudden temperature rise.

[0051] Fig. 3 shows a flow chart of a method for de-
termining whether to initiate a defrosting process of the
cooling device that is usable in industrial environments. It
is to note that the sequence of the steps as shownin Fig. 3
is merely an example and that all steps might be executed
in a different order or may even be omitted. More speci-
fically, determining that the defrosting process is to be
initiated comprises on or more of the steps comprised in
the flow chart.

[0052] The flowchartbeginsat START 300 as shownin
the upper right-hand corner and ends at END 380 after
resetting the cooling time 370 as shown in the bottom left-
hand corner.

[0053] As illustrate in the flow chart of Fig. 3, the first
step 310 after starting the method is concerned with
determining 210 that a predefined defrost time is
reached. With reference to Fig. 2 which describes a
timeline 210, 220 of an exemplary defrosting schedule
for two cooling devices (cooling device A 140 and cooling
device B 150), a predefined defrost time may be a pre-
defined pointin time at which a cooling device is schedule
to theoretically perform a defrosting operation. Still with
reference to Fig. 2, the predefined defrost times are
indicated by the vertical lines 211, 212, 213, 221, 222,
223 on the timeline 210, 220. Thus, according to the
present embodiment the first step 310 that is shown in
the flow charts checks whether a specific point in time is
reached (i.e., a vertical line as shown in Fig. 2). If the
defrost time has not been reached yet (e.g., the current
time is somewhere between two vertical lines in Fig. 2),
the check is performed again as indicated by aloopin Fig.
3. If, however, the check is positive and a defrost time is
reached, the second step 320 is performed.

[0054] The second step 320 that is illustrated in Fig. 3
checks whether a cooling device has actively been cool-
ing for a minimum duration of time (i.e., whether a mini-
mum cooling time is reached). The minimum duration
check is relevant since ice formation can only occur
during time period in which a cooling device is actively
cooling. Thus, initiating a defrosting process before the
cooling device has not actively cooled for a minimum
amount of time would not constitute an optimized defrost-
ing schedule and lead to unnecessary defrosting. An
exemplary default setting for the minimum duration
may be 8 hours, which means that a defrosting cycle is
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initiated at most every 8 hours and may be available to be
changed by a service specialist. The present embodi-
ment is thus simple from a service perspective. It is to
note that the minimum time the cooling device is actively
cooling is always measured from a last scheduled defrost
operation. This ensures that there was no ice present on
the cooling device when the timer for the minimum dura-
tion was started. The flow chart of Fig. 3 shows that if the
minimum duration is not reached, the first step 310 (i.e.,
determining whether a predefined defrosting time has
been reached) is executed. If, on the other hand, the
check is positive and the cooling device has actively
cooled for a minimum duration, a third step 330 is per-
formed.

[0055] The third step 330 checks whether temperature
difference monitoring, which is described in more detail in
the fourth step 340, is active for the cooling device.
Hence, the process according to Fig. 2 can be executed
with or without the steps 340 and 350. The temperature
difference refers to the difference in the temperature
between the target temperature 110 and the actual tem-
perature that is measured by a temperature sensor 121,
131, 141,151,161, 171 thatis arranged in the vicinity of a
cooling device. An example is provided in Fig. 1. If the
temperature difference monitoring is not active, the de-
frosting process is started 360. However, if the tempera-
ture difference monitoring is indeed activated, the fourth
step 340 is performed.

[0056] The fourth step 340 is concerned with checking
whether a temperature difference is reached (i.e., deter-
mining that a cooling intensity is larger than or equal to a
predetermined cooling intensity value). The idea behind
this stepistoinclude a performance-based metricinto the
process. The difference in temperature should represent
the intensity of the cooling activity of the cooling device.
More specifically, it is predetermined at which cooling
intensity value the check should resultin a positive result.
Note that a positive result (i.e., reaching the predefined
cooling intensity) triggers the defrosting operation. Ex-
emplary predetermined cooling intensity values may in-
clude but are not limited to 1,5 Kelvin Hours, 0,5 Kelvin
Hour or preferably 1 Kelvin Hour. The process of mea-
suring the cooling intensity has been described in detail in
the example of Fig. 1. In summary, measurements from
the temperature sensor 121, 131, 141, 151,161, 171 that
is arrange in the vicinity of the cooling device are com-
pared to a target temperature 110. Those differences are
summed up over a period of time and it is checked
whether the summed differences exceed the predefined
cooling intensity value that is indicated in Kelvin Hours.
As mentioned, if this check is positive the defrosting
process is initiated. However, if the check is a negative
(i.e., summed temperature difference not reaching the
predefined cooling intensity) the execution of the fifth
step 350 is triggered.

[0057] Similartothe second step 320, the fifth step 350
checks whether a cooling device has actively been cool-
ing for a maximum duration of time (i.e., whether a max-
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imal cooling time is reached). An exemplary default set-
ting for the maximum duration may be 24 hours, which
means that a defrosting cycle is initiated at least every 24
hours and may be available to be changed by service
specialist. The present embodiment is thus simple from a
service perspective. As mentioned above, even if the
cooling intensity does not reach a predefined level, there
might still be a slow formation of ice on the cooling device.
Thus, the maximum time criteria (i.e., mandatory defrost)
ensures that a cooling unit is defrosted at regular inter-
vals. This may also be relevant due to safety concerns
where ice formation leads to a heavy load on the cooling
device and could not only be inefficient in terms of cooling
activity but also pose a safety hazard. It is to note that the
maximum time the cooling device is actively cooling is
always measured from a last scheduled defrost opera-
tion. This ensures that there was no ice present on the
cooling device at the point in time that the timer for the
maximum duration was started. If the maximum time the
cooling device has actively cooled is not reached yet, the
first step 310 of whether a predetermined defrosttime has
been reached is executed again. However, if the max-
imum time the cooling device has actively cooled is
reached, the defrosting step 360 is executed.

[0058] As shown in the description above, the defrost-
ing step 360 can be reached through different paths and
is not limited to the paths specifically mentioned in this
description. The defrosting step itself comprises the op-
eration of defrosting the cooling device.

[0059] Finally, when the defrosting step 360 is initiated,
completed or executed, the reset timer step 370 is per-
formed. The reset timer 370 step comprises resetting the
time that the cooling device has actively been cooling.
This value is relevant for the calculation of the minimum
duration and the calculation of the maximum duration.
[0060] Once the reset timer step 370 is concluded the
process concludes with END 380. In summary, the flow
chart of Fig. 3 demonstrates the flexible method of the
present embodiment which automatically adjusts the
number of defrost procedures depending on true working
conditions (moist air infiltration, ambient temperature,
seasonal changes, product load, etc.). It also become
obvious that the present embodiment covers all benefits
of the conventional methods such as the fixed time
schedule method.

[0061] Fig. 4 shows an exemplary illustration of a cool-
ing device 400. In particular, Fig. 4 shows an air cooler
that is typically used in combination with a plurality of air
coolers in an industrial set-up. A typical use case is
described in more detail in Fig. 1 and includes for ex-
ample the cooling of a warehouse by a plurality of air
coolers. It is to note that the present embodiment is not
limited to an air cooler but could be directed to any type of
cooling device 400.

[0062] A temperature sensor 410, that is arranged in
the vicinity of the cooling device is shown on the left-hand
side of the cooling device. As described in detail in Fig. 3,
the temperature sensor 410 measures the local tempera-
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ture at different points in time to calculate an integral
value and determine the cooling intensity of the cooling
device. Moreover, Fig. 4 shows that the air cooler com-
prises a main body 420 through which the air is circulated
by means of a fan (not shown) and an exit 430 that emits
the air towards the right-hand side of the cooling device
400 as indicated by the arrow 440. The circulated air may
be passed over a heat exchanger arrangement which
may be in thermal connection with an evaporatorin which
a refrigerant agent may boil and extract the heat from the
circulated air flow.

[0063] Although not visible in Fig. 4, the air cooler
comprises a cooling unit that is configured to execute a
computer-implemented method for determining whether
to initiate a defrosting process of the cooling device.
[0064] One advantageous of the present embodiment
related to a method for determining whether to initiate a
defrosting process beside substantial energy consump-
tion reduction may be that the lifetime of the cooling
device 400 is increased due to a likely decrease in
defrosting cycles. The decreased number of defrosting
cycles that may arise may also lead to less commission-
ing and less maintenance requirements compared to
conventional methods that for example used a fixed
schedule. For instance, safety measurements that are
already implemented to protect from overweight due to
excessive ice formation may also be applicable to the
present invention. A general advantage of the current
invention may be its reliability and simplicity from the
perspective of the user or a service worker.

[0065] Fig. 5 illustrates a processing system 500 for
executing instruction to perform the method for determin-
ing whether to initiate a defrosting process of a cooling
device usable in an industrial environment. As illustrated
in Fig. 4, the processing system 500 comprises a storage
subsystem 501, one or more processors 502, a network
interface 503 and a user interface and output device 505.
The components of the processing system may be con-
nected via a central bus system 506 illustrates at the
arrow in Fig. 4. The bus system 506 may be responsible
for providing a secure and reliable manner through which
the different components of the processing system may
communicate. The storage subsystem 501 may store
computer program code that when executed performs
the method for determining whether to initiate the de-
frosting process. The one or more central processing
units 502 may be responsible for executing the program
code. The user interface and output device 505 may be
used to adapt predetermined values such as the value of
the minimal duration that a cooling device is actively
cooling or the value of the maximum duration that a
cooling device is actively cooling.

[0066] The processing system 500 may be sued to
implement a control unit for controlling a cooling device.
[0067] Embodiments of the present disclosure may be
realized in any of various forms, e.g., in software. For
example, in some embodiments, the present invention
may be realized as a computer-implemented method, a
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computer-readable memory medium, or a computer sys-
tem.

[0068] Insome embodiments, a non-transitory compu-
ter-readable memory medium may be configured so that
it stores program instructions and/or data, where the
program instructions, if executed by a computer system,
cause the computer system to perform a method, e.g.,
any of the method embodiments described herein, or,
any combination of the method embodiments described
herein, or, any subset of any of the method embodiments
described herein, or, any combination of such subsets.
[0069] Insomeembodiments, acomputing device may
be configured to include a processor (or a set of proces-
sors)and a memory medium, where the memory medium
stores program instructions, where the processor is con-
figured to read and execute the programinstructions from
the memory medium, where the program instructions are
executable to implement any of the various method em-
bodiments described herein (or, any combination of the
method embodiments described herein, or, any subset of
any of the method embodiments described herein, or,
any combination of such subsets). The device may be
realized in any of various forms.

[0070] Although specific embodiments have been de-
scribed above, these embodiments are not intended to
limit the scope of the present disclosure, even where only
a single embodiment is described with respect to a parti-
cular feature. Examples of features provided in the dis-
closure are intended to be illustrative rather than restric-
tive unless stated otherwise. The above description is
intended to cover such alternatives, modifications, and
equivalents as would be apparent to a person skilled in
the art having the benefit of this disclosure.

[0071] The scope of the present disclosure includes
any feature or combination of features disclosed herein
(either explicitly or implicitly), or any generalization there-
of, whether or not it mitigates any or all of the problems
addressed herein. In particular, with reference to the
appended claims, features from dependent claims may
be combined with those of the independent claims and
features from respective independent claims may be
combined in any appropriate manner and not merely in
the specific combinations enumerated in the appended
claims.

List of reference signs
[0072]
101 door
105 room
110 target temperature
120, 130, 140, 150, 160, 170, 400 cooling device

121,131, 141,151, 161, 171, 410 temperature sen-
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sor
210 upper time line

211-213, 221-223 vertical lines
220 bottom time line

300 START

310 first step

320 second step

330 third step

340 fourth step

350 fifth step

360 defrosting step

370 reset timer

380 END

420 main body

430 exit

440 arrow

500 processing system

501 storage subsystem

502 processor(s)

503 network interface

505 user interface and output device

506 bus system

Claims

1.

A computer-implemented method for determining
whether to initiate a defrosting process of a cooling
device usable in an industrial environment (120), the
method comprising:

determining that the defrosting process is to be
initiated, comprising one or more of the following
steps:

determining (320) that a predetermined
minimum duration of time that the cooling
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device (120) is actively cooling is reached;
determining (340) that a cooling intensity is
larger than or equal to a predetermined
cooling intensity value; and/or
determining (350) that a predetermined
maximum duration of time the cooling de-
vice (120) is actively cooling is reached;

if it has been determined that the defrosting
process is to be initiated:

initiating (360) the defrosting process of the
cooling device (120).

The method of claim 1, wherein the step of determin-
ing that the defrosting process is to be initiated
further comprising:

determining (310) that a predefined defrost time is
reached.

The method of any one of the preceding claims,
determining (340) that the cooling intensity is larger
than or equal to the predetermined cooling intensity
value further comprising:

obtaining an integral temperature value;
comparing the integral temperature value
against the predetermined cooling intensity va-
lue.

The method of claim 3, wherein obtaining the integral
temperature value further comprises:

receiving a first and second temperature value
from a temperature sensor arranged in the vici-
nity of the cooling device (120);

calculating a first difference between the re-
ceived first temperature value and a target cool-
ing temperature;

calculating a second difference between a sec-
ond temperature value and the target cooling
temperature; and

accumulating the calculated first and second
difference.

The method of claim 4, wherein the first and second
temperature value are obtained at different points in
time.

The method of any one of the preceding claims,
wherein the predetermined cooling intensity value
is within a range of 1,5 Kelvin Hours and 0,5 Kelvin
Hours, and is preferably 1,0 Kelvin Hours.

The method of any one of the preceding claims 4 to 6,
wherein the temperature sensor is preferably ar-
ranged at a distance to the cooling device (120) of
about 0 to 2 meters, more preferably of about 0,5 and
1,5 meters, and most preferred of about 1 meter of
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10

10.

1.

12.

13.

14.

15.

the cooling device (120).

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

measuring the predetermined minimum duration of
time from a last defrost operation.

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

measuring the predetermined maximum duration of
time from a last defrost operation.

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

resetting (370) the time that the cooling device (120)
is actively cooling when the defrosting process is
initiated, completed or executed.

The method of any one of the preceding claims,
wherein the cooling device (120) is an air cooler.

A computer program comprising instructions which,
when executed by a computer, causing the computer
to carry out the method of any one of claims 1 to 11.

A control unit for controlling a defrosting process of a
cooling device (120), the control unit comprising
means for performing the method of any one of
claims 1 to 11.

A cooling device (120) comprising the control unit of
claim 13.

A system comprising a plurality of cooling devices,
the system comprising:

a first and a second cooling device (120) of the
plurality of cooling devices, each comprising a
control unit, wherein the control unit comprises
means for performing the method of claims 1
and 2 and any one of the claims 3-11;

wherein the predefined defrost time for each of
the firstand second cooling device (120) is setin
a non-overlapping manner.
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