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of a study on the role of temperature in the calibration of humidity sensors are
presented in this paper using a two-pressure humidity generator (2-P). Relative
humidity measurements were performed at different humidity levels: 10, 30, 50 and
80 %. The temperature was adjusted at different setpoints: 25, 35, 45 and 55 °C. The
data and associations were assessed using pythonic statistical software. The results
show that humidity correction is contingent on the temperature and device used when
considering certain conditions. The calibration correction is independent of the
temperature for temperatures ranging from 25 to 35 °C, but the calibration correction
is strongly dependent on the temperature for conditions above 35 °C in the range from
30 to 80 % relative humidity. The effect of temperature on the calibration of seven
hygrometer models was evaluated using the humidity standard in the thermal
metrology laboratory at the National Institute for Standards. The results showed that

Keywords: there is a strong correlation between temperature and humidity. The difference in the
Temperature effect; humidity sensor; humidity correction factor shown from the results in this paper was applied during the
two-pressure humidity generator; calibration processes to ensure accuracy and improve measurements in the thermal
calibration; correlation metrology laboratory at the National Institute for Standards.

1. Introduction

Advancement of humidity standards is the primary objective of the thermal metrology laboratory
at the National Institute for Standards (NIS) in Egypt. The NIS also offers services for calibrating all
kinds of humidity sensors uniformly and accurately both inside and outside of Egypt. The thermal
metrology facility at the NIS has created a number of hygrometer calibration facilities.

To ensure their accuracy and performance, hygrometers that detect temperature and humidity
should be calibrated on a regular basis [1]. Calibration ensures that measurements taken with these
tools are precise so that product quality can be preserved according to the requirements for the
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Competence of Testing and Calibration Laboratories ISO/IEC 17025:2017 [2]. When we take
medication, ride in an aerial plane, consume food, use chemicals or carry out other routine tasks, we
presume that the tools and methods we employ are secure and efficient [3]. However, there are rules
to guarantee the standard of the goods and procedures produced by sectors such as pharmaceuticals,
semiconductors, chemicals, aerospace and food processing. These regulations generally call for
routine measurements of a variety of variables, including humidity and temperature. Calibration is
used to ensure that the measurements are precise [4].

To most accurately calibrate a hygrometer or other humidity sensors efficiently, humidity must
be generated and measured at a variety of temperatures and humidity levels using a humidity
generator. Then, the measurements are compared with the measurements of the device under test
(DUT). The difference between the two measurements was calculated by correcting the DUT
measurements [5-7].

The reliance of these devices on temperature is one of their drawbacks. The performance of the
sensor is inaccurate due to temperature variation. This paper attempts to determine how
temperature affects various humidity sensors used in daily life. Python software was used to assess
the data, investigate the degree of significance of the temperature effect and evaluate the correlation
for each sensor.

2. Methodology

To determine the effect of temperature on humidity, we studied seven different sensors using a
(2-P) generator. The temperature effect of the sensor was studied at different temperatures while
keeping the humidity constant. The temperature of the chamber was 25, 35, 45 or 55 °C, and the
uncertainty was * 0.3 C. The humidity level in the generator was varied at 10, 30, 50 and 80 % RH,
with a measurement uncertainty of £ 0.9 % [8-12].

To observe the temperature effect, the humidity was kept constant and the temperature of the
chamber was varied from 25 to 55 °C. Measurements were performed under the following
conditions:

The laboratory's ambient conditions were set at 25 °C + 2 °C and 50 % * 10 % relative humidity.
The humidity generator was set to a 20 L/h flow rate to initiate the measuring system, which was
stabilized after 30 minutes. The measurements were carried out at four relative humidity points of
calibration (10, 30, 50 and 80 %) in the temperature range from 25 to 55 °C, increasing by +10 °C (i.e.,
25, 35, 45 and 55 °C).

First, the (2-P) generator was adjusted to a relative humidity of 10 % for temperatures of 25, 35,
45 and 55 °C. The data from the seven humidity sensors were taken at 25 °C for 4 h once the (2-P)
generator was stable. This step was subsequently repeated at 35, 45 and 55 °C. The process was
repeated for the other humidity levels of 30, 50 and 80 %. The results are the average for each setpoint.

3. Results

The correction is determined as the difference between the (2-P) generator and the humidity
sensors as shown in Eq. (1).

Correction= Href— Haut (1)
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Where, Hrer : Humidity of the reference generator and Hqu:: Humidity of the device under test. The
sensor specifications (range, accuracy and probe location) are shown in Table 1.

Table 1

Specification of the sensors

Device code Range % RH Accuracy Probe location

D1 0-100 +1.5% RH (0 to 90 % RH) External

D2 0-100 +1.5% RH (0 to 90 % RH) External

D3 5-95 +1.8%RH External

D4 0-100 +0.8% RH (10 to 60 % RH)  Internal
+1.3 % RH (60 to 100 % RH)

D5 0-100 +2 %RH (2 to 98 % RH) External

D6 0-100 +2.5%RH (5 to 95 % RH) External

D7 0-100 +0.8% RH External

The effect plots for the seven humidity sensors are shown in Figures 1 to 7.
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Fig. 1. Temperature effect for device 1 at different humidity levels
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Fig. 2. Effect of temperature on device 2 at different humidity levels
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Fig. 3. Effect of temperature on device 3 at different humidity levels
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Fig. 4. Effect of temperature on device 4 at different humidity levels
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Fig. 5. Effect of temperature on device 5 at different humidity levels
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Fig. 6. Effect of temperature on device 6 at different humidity levels
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Fig. 7. Effect of temperature on device 7 at different humidity levels

Table 2

Results obtained using Python statistical software

Parameter sum_sq Degree of freedom  p-value
Humidity level 4.779 3.0 8.026*101
Device 1343.258 6.0 5.52*10%¢
Temperature 50.1968 3.0 1.313*10%
Humidity level: device 1717.5599  27.0 1.162*10°
Humidity level: temperature  58.9887 15.0 6.27*101
Device: temperature 1427.4237  27.0 2.07*10Y

Correlation is a statistical measure that expresses the extent to which two variables are linearly related
and the degree to which two variables move in relation to each other. The correlation coefficient shows the
strength of the link and its direction (direct or inverse) for each device to determine whether a relationship
between temperature and humidity occurs for temperatures between 25 and 55 °C and for humidity’s
between 10 and 80 % of the rh. Figure 8 shows an example at 80 % relative humidity. The results showed that
there was a strong correlation between temperature and humidity.
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Fig. 8. The correlation coefficient (R2) at 80 %
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Table 3 shows the calculation of the coefficient of determination, R* for the devices under test.

Table 3
Correlation between temperature and humidity
Device Code @ 10%rh @ 30 % rh @50%rh @ 80%rh

D1 0.99 0.98 0.99 0.98
D2 0.99 0.99 0.98 0.98
D3 0.99 0.99 0.98 0.98
D4 0.99 0.98 0.99 0.98
D6 0.99 0.97 0.98 0.96
D7 0.99 0.99 0.95 0.97

4, Discussion

Figures 1-7 show that the device and humidity strongly affect the calibration correction, which is
predictable based on the specifications in Table 1. As seen, there is not much difference in the
calibration correction between the 25 and 35 °C plots, meaning that the temperature is not a
significant factor in this temperature range. Additionally, temperature is not a significant factor at a
humidity level of 10 %, and there is not much difference in the calibration correction at different
temperatures. However, above 35 °C, the calibration correction increases by increasing the
temperature in the range from 30 to 80 % relative humidity, meaning that the temperature is a
significant factor in this range [13-15].

As shown in Table 2, we used pythonic statistical software to determine whether the effect of
temperature was significant. A null hypothesis was considered that neither the difference between
the variance between groups (6Z.= 04.=..) nor the temperature effect existed. The alternative
hypothesis is considered to be that there is a difference between variances within groups (oZ.#
02.#..) or that a temperature effect occurs. A p value less than 0.05, which indicates that the results
of three-way ANOVA using Python software are typically considered to be statistically significant, in
which case the null hypothesis should be rejected. The temperature has a significant effect on the
relative humidity shows that the humidity level, device and temperature interactions are significant.
As shown in Figure 8 and Table 3, there is a strong correlation between temperature and humidity.

5. Conclusions

The effect of temperature on the calibration of the seven hygrometer models was evaluated using
the humidity standard established in the thermal metrology laboratory at the NIS in Egypt at 25, 35,
45 and 55 °C for humidity’s of 10, 30, 50 and 80 %, respectively. The results showed that humidity
correction is contingent on the temperature and device used when considering certain conditions.
According to the results, the calibration correction is independent of the temperature for
temperatures ranging from 25 to 35 °C, but the calibration correction is strongly dependent on the
temperature for conditions above 35 °C, for which there is a strong correlation between the
temperature and humidity. The difference in the correction that appeared from the results in this
paper was applied during the calibration processes in the thermal metrology laboratory at the
National Institute for Standards to ensure accuracy and improve measurements.
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