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(57)  Humidity sensoring system (1) for determining
the humidity in a storage room. The system comprises a
humidity sensor comprising a humidity sensor element
(3) producing a relative humidity signal. Furthermore, the
system comprises heating means (4) and timer means
(5) for activating and deactivating the heating means (4).
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Humidity sensoring system for storage rooms

A Method for drying up a humidity sensor element (3) in
a humidity sensoring system (1) which comprise the
steps of activating the heating means (4) in the system
in order to raise the temperature above the dew point of
the ambient air, and deactivating the heating means (4)
by use of the timer means (5).
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Description
Technical field

[0001] The presentinvention relates to a humidity sen-
soring system for determining the humidity in a storage
room, the system comprising:

- a humidity sensor comprising a humidity sensor
element producing a relative humidity.

Background art

[0002] Humidity sensors used in controlled atmos-
phere systems or similar environment found in reefer
containers or storage environments may be exposed to
condensing conditions, where the surface of the sensor
and its near environment may be wet. In that case the
humidity sensor measures 100% relative humidity (RH)
as long as wet surfaces exist near the sensor’s sensitive
surface. The time it takes to dry a sensor by natural or
forced ventilation may in some applications be unaccept-
ably long. During the time the sensor is wet, it is unable
to measure ambient RH correctly and may in some cases
be considered defect. This issue exists mainly for humid-
ity sensors of capacitive or resistive art, where water is
absorbed in a polymer and changes the dielectric coef-
ficient or the conductivity of this polymer as a function of
RH.

[0003] Thus, an aspect of the invention is to provide a
new and improved humidity sensoring system that over-
comes the drawbacks of the prior art mentioned above.
[0004] According to the invention this aspect is ob-
tained by a humidity sensoring system that comprises
heating means and timer means for activating and deac-
tivating the heating means.

[0005] The heat from the heating means will cause
moist or water accumulated in the humidity sensor ele-
ment to dissipate, whereby locally accumulated moist or
water is dried up. The timer will cause the heating means
to be turned off after a predetermined time. The temper-
ature of the humidity sensor element is increased to a
level above the dew point of the ambient air by the use
of heat from the heating means. In this way, itis achieved
that locally accumulated moist or water is dried up and
thus the risk of inaccurate readings from the sensor
caused by the locally accumulated moist or water is min-
imised.

[0006] In the situation where moist or water has accu-
mulated around the humidity sensor element, such ac-
cumulation would cause the humidity sensor element to
measure a value that is too high in relation to the humidity
of the ambient surroundings.

[0007] According to another embodiment of the inven-
tion, the system may further comprise:

- at least one temperature sensor producing a tem-
perature signal,
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- data storage means for storing the temperature
measured by the at least one temperature sensor,
and

- processing means for processing the temperature
signal and the humidity signal.

[0008] The processing means renders it possible to
control the system with respectto activation of the heating
means depending on different conditions, e.g. based on
time or an ambient temperature. Furthermore, when the
system comprises processing means it is possible to
compensate the measurements from the humidity sensor
element according to a local rise in temperature caused
by the heating means. The data storage capabilities may
e.g. supply the processing means with temperature data
recorded just within the activation of the heating means
such as to achieve a reference temperature. In this way
it is possible to compensate the measured humidity from
the humidity sensor element for the increase in temper-
ature.

[0009] By storing the ambient temperature value,
which may be considered equal to the temperature of the
humidity sensor just before the heating means is turned
on, and comparing that ambient temperature to the actual
temperature of the sensor, the error due to heating may
be calculated and corrected, presuming the ambienttem-
perature is unchanged during that period.

[0010] The sensortemperature may be measured with
an internal temperature sensor integrated in the humidity
sensor. The ambient temperature may be measured with
the same sensor as mentioned above or by a dedicated
ambient temperature sensor in the air, where the humid-
ity sensor is implemented.

[0011] According to an embodiment of the invention
the humidity sensoring system may further comprises a
temperature sensor in the ambient surroundings. In this
way it is possible to continuously measure the ambient
temperature in the ambient surroundings and thus it is
possible to continuously compare the sensor tempera-
ture in the humidity sensor element with the ambient tem-
perature in the ambient surroundings.

[0012] According to an embodiment of the invention,
the heating means may be adapted for activation when
the relative humidity measured by the humidity sensor
element is higher or equal to a threshold value.

[0013] According to a further embodiment of the inven-
tion, the threshold value may be a relative humidity of
90% to 100%. If the threshold value is above 90%, the
heating means should be activated in order to dry up the
humidity sensor. In this way, it is avoided that the meas-
uring of a relative humidity of more than 90% is just a
local humidity inside the humidity sensor e.g. caused by
condensation. If the humidity sensor, after having been
dried by the heating means, is still measuring a relative
humidity above 90%, it is most likely that the relative hu-
midity in the storage room is in fact that high.

[0014] According to an embodiment of the invention,
the humidity sensor element may be integrated in a sili-
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con chip.

[0015] According to a further embodiment of the inven-
tion, the heating means may comprise a resistor. The
resistor dissipates heat when a current is lead through
it. In this way a simple and cheap way of providing heating
means is provided.

[0016] According to afurther embodiment of the inven-
tion, the heating means may be integrated in the silicon
chip. Inthis way, itis achieved that a good thermal contact
is obtained between the heating means and the sensor
element.

[0017] Moreover, the humidity sensoring system may
comprise a PTFE membrane. In this way, it is less pos-
sible for liquid water to getin contact with humidity sensor
element.

[0018] Furthermore, the invention relates to a method
for drying up a humidity sensor element in a humidity
sensoring system wherein the method comprises the
steps of:

- activating heating means in the system in order to
raise the temperature above the dew point of the
ambient air, and

- deactivating the heating means by use of the timer
means.

[0019] According to a further embodiment, the inven-
tion relates to a method for drying up a humidity sensor
element in a humidity sensoring system where the meth-
od may comprise the steps of:

- providing humidity signals from the humidity sensor
element to the processing means,

- providing temperature signals by measuring the am-
bient temperature in the ambient surroundings,

- activating the heating means if the humidity signals
is above a threshold value,

- measuring the sensor temperature in the humidity
sensor and comparing it with the ambient tempera-
ture, and

- deactivating the heating means when the humidity
measured by the humidity sensor element is lover
than a threshold value.

[0020] Inthis way, itis achieved that a humidity sensor
subjected to moist or water e.g. caused by condensation
is dried out. If moist is accumulated in the humidity sen-
sor, the humidity sensor is likely to measure a relative
humidity whichisincorrect. However, having the humidity
sensor dried out to e.g. 90% RH before use it is possible
to find out whether the measuring of a high humidity was
caused by a local accumulation of moist or in fact the
true RH of the storage room. Before activating the heating
means the temperature of the humidity sensor element
and the ambient temperature may be the same, and thus
a temperature of the humidity sensor element stored just
before activation of the heating means is the same as
the ambient temperature. Thus, the stored temperature
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ofthe humidity sensor element may be used as reference
temperature. In this way it is possible to determine the
rise in temperature caused by the activation of the heating
means.

[0021] According to yet a further embodiment, the in-
vention relates to a method for drying up a humidity sen-
sor element in a humidity sensoring system, and the
method may further comprise the steps:

- measuring the temperature of the humidity sensor
element and comparing it with the ambient temper-
ature, and

- compensating the measured RH for difference in the
temperature between the humidity sensor element
and the ambient temperature due to the activation
of the heating means.

[0022] When a humidity sensor is heated, the RH of
the air inside the sensor is lower than the RH in the am-
bient air which is colder than the sensor. This RH meas-
urement error, due to sensor heating, may be calculated
by the processing means when the temperature differ-
ence to the ambient temperature is known. At an ambient
temperature near 10°C, the measurement of RH is ap-
proximately 5% lower for each 1 °C the sensor is heated.
Furthermore, the invention relates to the use of a humidity
sensor system for measuring the humidity, wherein the
humidity sensor system is placed in a storage room or
reefer container.

[0023] Particularly during the start-up of reefer contain-
ers, it is often experienced that moist is accumulated lo-
cally around the humidity sensor. During the pre-check
of the functionality of the reefer container, it is essential
that it is possible to clarify whether the measurement of
a high relative humidity is caused by locally accumulated
moist, or whether the humidity sensor is malfunctioning.
If the humidity sensoring system detects a relative hu-
midity of nearly 100% it is necessary to leave the con-
tainer to dry up until it has become obvious for the oper-
ator that the detection of a high relative humidity is caused
by a malfunctioning humidity sensor or by locally accu-
mulated moist inside the humidity sensor. Thus, a hu-
midity sensoring system being able to automatically dry
itself is highly advantageous. In this way, the time to con-
trol the container during pre-check may be minimised
with reduced cost and reduced environmental impact as
a result due to lowered energy consumption during the
pre-check.

[0024] The ambient temperature is considered the
temperature outside the humidity sensor. When the heat-
ing means has not been activated for a long period, the
ambient temperature and the temperature inside the sen-
sor, i.e. the sensor temperature, are approximately the
same. A storage room could be any kind of storage room
in which the humidity is to be controlled, e.g. a reefer
container.
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Brief description of the drawings

[0025] The invention will be described in more detail
below, with reference to the accompanying drawings,
which for the purpose of illustration only show non-limit-
ing embodiments, in which

Fig. 1A schematically shows a humidity sensor sys-
tem according to the invention,

Fig. 1B shows a timing diagram of the activation and
deactivation of heating means,

Fig. 2 schematically shows another embodiment of
a humidity sensor system according to the in-
vention, and

Fig. 3 shows a sectional view of an embodiment of

the humidity sensor accord- ing to the invention.

Description of preferred embodiments

[0026] In Fig. 1A, a humidity sensor system 1 accord-
ing to the invention is shown schematically. The humidity
sensor element 3 with integrated heating means 4 is con-
trolled by a timer 5 which activates the heating means
for alimited time after the power to the system is switched
on.

[0027] Fig. 1B shows schematically that the heating
means 4 is activated when the power to the humidity
sensoring system is turned on. Furthermore, it is shown
that the heating means 4 is deactivated after at period of
time determined by the timer 5 (not shown).

[0028] Fig. 2 shows another embodiment of the humid-
ity sensoring system 1, in which a humidity sensor ele-
ment 3 according to the invention is shown with an inte-
grated temperature sensor 2, which measures the tem-
perature of the humidity sensor element 3. The heating
means 4 is integrated with the humidity sensor element
3 and the temperature sensor 2. The heating means 3
dissipates heat to the humidity sensor and the humidity
sensor element 3. Furthermore, a temperature sensor 2’
for measurement of the ambient temperature, e.g. the
temperature in a reefer container, is shown. The humidity
sensor element 3, the temperature sensor 2 and the am-
bienttemperature sensor 5 are connected to the process-
ing means 6, e.g. a microcontroller. The processing
means 6 measures and processes the relative humidity
in the humidity sensor on basis of the humidity signals
HS form the humidity sensor element 3. Furthermore,
the humidity signals HS from the humidity sensor element
3 is sent to the processing means 6 and processed in
order to determine whether a signal AS should be sent
to the heating means 4 in order to activate or deactivate
the heating means 4. A temperature signal TS is sent to
the processing means 6 from the temperature sensor 2.
[0029] According to the invention, the output signal 7
is RH corrected with respect to the error resulting from
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the temperature increase near the humidity sensor ele-
ment 3. The increase in temperature can be measured
as the difference in temperature between the tempera-
ture sensor 2 and the ambient temperature sensor 5. In
the embodiment using an ambient temperature sensor
2’, an ambient temperature signal ATS is sent to the
processing means 6. Typically, a rise in temperature in-
side the humidity sensor causes a reduction of the meas-
ured RH of about 5% RH per °C. As the rise in temper-
ature is known from the measurements from the two tem-
perature sensors 2, 2’, the correct RH is determined. In
one embodiment, the ambienttemperature sensor 2’ may
be omitted and the ambient temperature measured with
the temperature sensor 2 just before starting the heater
3. In order to still be able to calculate a difference, the
measured temperature is stored in storage means in the
microcontroller 6 and used in the subsequent calcula-
tions. Having stored the temperature before the heating
means 4 is activated, the stored temperature is used as
a reference temperature, i.e. the ambient temperature.
When the heating means 4 is activated, the processing
means 6 continuously receives the temperature signal
TS from temperature sensor 3 for calculating the rise in
temperature in relation to the stored temperature. The
heating means 4 may be a resistor placed physically
close to the humidity sensor in order to heat this to a
higher temperature than the ambient temperature.
[0030] According to the invention, the temperature
sensor 2 and the heating means 4 may be integrated into
the same silicon chip, which comprises the components
of the humidity sensor element 3. By such embodiment,
a good thermal coupling between the humidity sensor
element 3, the heating means 4 and the temperature sen-
sor 2 is achieved.

[0031] Fig. 3 shows asectional view of an embodiment
of a humidity sensor according to the invention. The tem-
perature sensor 2 and the heating means 4 are embed-
ded in the humidity sensor element 3. On the other side
of the printed circuit board (PCB) 11 a further auxiliary
heating means 4’ is placed. The sensor element 3 is
placed inside a casing 12 which may be made of e.g. a
plastic material or stainless steel. To protect the PCB 11
and the electronic circuit, the casing 12 may be filled with
a filling material 10, e.g. polyurethane, silicone or similar
filing material. A porous and hydrophobic PTFE mem-
brane 8is protecting the humidity sensor elementin order
to prevent liquid water from getting into the dead space
9. Water vapor can pass through the PTFE membrane
8 to the humidity sensor element 3. The dead space 9 is
simply a small volume between the PTFE membrane and
the sensor element 3.

[0032] Although the invention above has been de-
scribed in connection with preferred embodiments of the
invention, it will be evident for a person skilled in the art
that several modifications are conceivable without devi-
ating from the invention as defined by the following
claims.
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Claims - deactivating the heating means (4) by use of
the timer means (5).
1. Humidity sensoring system (1) for determining the

humidity in a storage room, the system comprising: 10. Method for drying up a humidity sensor element in

- activating the heating means (4) in the system
in order to raise the temperature above the dew
point of the ambient air, and

5 a humidity sensoring system (1) according to any of
- a humidity sensor comprising a humidity sen- the preceding claims, wherein the method further
sor element (3) producing a relative humidity sig- comprises the steps of:
nal, characterised in that the system compris-
es heating means (4) and that the system com- - providing humidity signals (HS) from the hu-
prises timer means (5) for activating and deac- 10 midity sensor element to the processing means
tivating the heating means (4). (6),
- providing temperature signals (TS, ATS) by
2. Humidity sensoring system (1) according to claim 1, measuring the ambient temperature in the am-
wherein the system further comprises: bient surroundings,
15 - activating the heating means (4) if the humidity
- at least one temperature sensor (2) producing signals (HS) is above a threshold value, and
a temperature signal, - deactivating the heating means (4) when the
- data storage means for storing the temperature humidity measured by the humidity sensor ele-
(TS) measured by the at least one temperature ment (3) is lover than a threshold value.
sensor, and 20
- processing means (6) for processing the tem- 11. Method for drying up a humidity sensor element (3)
perature signal (TS) and the humidity signal in a humidity sensoring system (1) according to claim
(HS). 10, wherein the method further comprises the steps:
Humidity sensoring system (1) according to claim1 25 - measuring the temperature (TS) of the humidity
or 2, wherein the system further comprises a tem- sensor element (3) and comparing it with the
perature sensor (2’) in the ambient surroundings. ambient temperature (ATS), and
- compensating the measured RH for difference
Humidity sensoring system (1) according to claim 1, in the temperature between the humidity sensor
2 or 3, wherein the heating means (4) is adapted for 30 element (3) and the ambient temperature due
activation when the relative humidity measured by to the activation of the heating means (4).
the humidity sensor element is higher or equal to a
threshold value. 12. Use of a humidity sensor system (1) according
claims 1-9 for measuring the humidity, wherein the
Humidity sensoring system (1) according to claim 4, 35 humidity sensor system (1) is placed in a storage
wherein the threshold value is a relative humidity of room or reefer container.
90% to 100%.
Humidity sensoring system (1) according to claim
1-5, wherein the humidity sensor element (3) is in- 40
tegrated in a silicon chip.
Humidity sensoring system (1) according to claim
1-6, wherein the heating means (4) comprises a re-
sistor. 45
Humidity sensoring system (1) according to claim 6
or 7, wherein the heating means (4) is integrated in
the silicon chip.
50
Method for drying up a humidity sensor element (3)
in a humidity sensoring system (1) according to any
of the claims 1-8 wherein the method comprises the
steps of:
55
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