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Introduction

Metal oxide semiconductor (MOS) gas sensors are
used in a wide spectrum of application [1],[2],[3].
Promising fields are especially the Indoor Air Quality
(IAQ) [4], as well as the medicine field with drug
monitoring [5]. In many cases an immediate evalu-
ation out of the raw sensor data is impossible with-
out a machine learning (ML) model. In order to train
those ML models a proper individual calibration is
necessary [6]. This calibration can be done by
providing unique gas mixtures (UGMs) to the sen-
sors in a gas mixing apparatus (GMA) [7]. When
MOS sensors are operated for the first time, they
show characteristic changes in their sensor re-
sponses, which do not correlate with the sensor en-
vironment. If this Run-In phase occurs during the
calibration it will lead to invalid ML methods, for ex-
ample incorrect predictions after the initial Run-In
phase. Therefore, it is necessary to examine this
phase to achieve stable and robust ML models. An
easy method to compensate the Run-In phase is a
pre-treatment before the actual calibration. This pre-
treatment can be done by operating the sensor in a
designated environment with a specific duration.
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Material and Methods

There are several commercially available, digital
MOS sensors on the market. In this work focuses
on the four-layer multipixel MOS gas sensor SGP40
(Sensirion AG, Stafa, Switzerland) but the results
can be transferred to other sensors, too. To boost
the sensitivity and selectivity of the MOS sensors,
the heater temperature can be varied in a cyclic
fashion, called temperature cycled operation (TCO).
To study the impact of pre-treatment, several sen-
sors are considered which differ in operation modes,
the duration of the pre-treatment, and environ-
ments. Half of the sensors are operated in TCO with
the temperature cycle, cf. Fig. 1. The other half is
operated at a constant temperature of 400 °C. The
environment is varied between a real office and an
artificial environment consisting of relevant gases,
cf. Tab. 1. The last examined parameter is the dura-
tion of the pre-treatment phase. The duration was
varied between no pre-treatment phase at all, five
days, and one day of pre-treatment. In total 20
SGP40 sensors were used in this experiment.
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Fig. 1: Applied temperature cycle of the SGP40 MOS sensor for sensitive layers 0-2 in blue, and
for layer 3 in orange.
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Tab. 1: Concentration of the artificial environment during
pre-treatment.

Gas Concentration
Relative Humidity (20 °C) | 50 %
Hydrogen 500 ppb

(610 150 ppb
Ethanol 50 ppb
Toluene 50 ppb
Acetone 50 ppb

After the pre-treatment phase, two calibrations were
performed. Between both calibrations all sensors
are operated for four weeks in an office environ-
ment. During the calibration, all sensors were oper-
ated in the same TCO, as in the pre-treatment
phase. This allows for direct comparison between
all sensors. Each calibration consisted of 200
UGMs, provided by the GMA. The concentration of
each gas in the UGMSs are randomly chosen by Latin
Hypercube Sampling leading to an uncorrelated
data basis, to minimizing the risk for overfitting of
the ML algorithms. All relevant gases and ranges
available for the LHS algorithm are listed in Tab. 2.
Beside every gas, the relative humidity is also var-
ied between suitable borders, to also compensate
for the MOS sensor cross sensitivity to humidity.
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Tab. 2: Relevant gases and concentration ranges for
both calibrations.

Gas Concentration
Relative Humidity (20 °C) | 25-75%
Hydrogen 400 - 1900 ppb
CcO 100 - 2000 ppb
Ethanol 1-300 ppb
Toluene 1-300 ppb
Acetone 1-300 ppb
Formaldehyde 1-300 ppb
Ethyl Acetate 1-300 ppb

Each calibration has the same concentration ranges
for the LHS algorithm, but is randomised newly, to
prevent overfitting. For the same reason and to pre-
vent the model to learn the run-in behaviour of the
sensor, they are trained on the second calibration
and are applied on the first calibration to compare
the model quality.

Model building is done by extracting features first.
The extracted features are the mean and the slope
of one second intervals over the whole cycle for
each layer. Thus, resulting into four times two times
144 = 1152 features. Afterwards a dimension reduc-
tion with a principal component analysis (PCA) is
done, where the first 20 components were taken
into account. The final regression is done by a par-
tial least squares regression (PLSR).

Sensor 1: 5 Days Pre-Treatment Phase in Office Air with TCO
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Fig. 2: Deviation between the POT and the target values for a sensor with five days pre-treatment phase in
office air, operated in TCO for acetone as target gas.
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Sensor 20: Without Pre-Treatment Phase
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Fig. 3: Deviation between the POT and the target values for a sensor without pre-treatment phase for acetone as
target gas.

The root mean square (RMSE) values of the test
data do not correlate properly to the pre-treatment
phases and is thus no valuable qualification index
for the benefits of the pre-treatment phase. A more
suitable approach is the model estimate itself, i.e.
the prediction over time (POT). In order to highlight
the effect, the difference between the POT for ace-
tone and the corresponding targets for a sensor
without five-day pre-treatment phase in an office en-
vironment, operated in TCO, are considered, cf. Fig.
2. In contrast, another sensor, operated without any
pre-treatment phase is shown in Fig. 3. It is clearly
visible, that the deviation is decreasing for the sen-
sor without any pre-treatment in comparison to the
one with pre-treatment. In order to compare all sen-
sors with each other with a single scalar, the inter-
quartile range between the 25 % and 75 % percen-
tile of the deviation between target and POT are
taken into account.

Results

The interquartile range for all sensors with acetone
as target gas, cf. Fig. 4, prove that the five sensors
without any pre-treatment phase have the highest
value. This would result into ML models with poor
quality. Comparing the other examined parameters
suggest, that a longer pre-treatment phase with five
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days lead to a better result, compared to the sen-
sors with only one day of pre-treatment. Further-
more, the artificial air has slightly worse results than
the office air. Thus, the pre-treatment is more effec-
tive in an atmosphere of reducing gases, similar to
the real-world application. As a side effect, this is
more convenient, since no complex equipment, like
a GMA is needed to perform effective pre-treatment.
At least for the IAQ environment, using the sensors
in their designated environment is an effective way
to compensate for run-in behaviour, whereas the
operation mode is negligible.

Fig. 5 summarizes the results for all other gases.
The differences between all parameters are not yet
remarkable, but the main findings still visible. Espe-
cially the benefits of any pre-treatment, compared to
the sensors without. The differences can be ex-
plained by the overall ability of any ML model to dif-
ferentiate between the gases. It also likely that the
key features to quantify ethanol are based in slope
features, instead of mean features. Therefore, the
model is not that prone to differences due to the
sensor Run-In.

Another relevant target gas is formaldehyde, cf. Fig.
6. For this gas the sensors with five-day pre-treat-
ment still perform better than the others. The differ-
ence between no pre-treatment and one day of pre-
treatment is not that distinct.
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Comparsion of all Sensors for Acetone
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Fig. 4: Interquartile range for all sensors with acetone as target gas.
Comparsion of all Sensors for Ethanol
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Fig. 5: Interquartile range for all sensors with ethanol as target gas.
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Comparsion of all Sensors for Formaldehyde
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Fig. 6: Interquartile range for all sensors with formaldehyde as target gas.

In summary, sufficiently long pre-treatment time
leads to significantly better results in a calibration.
The operation mode in pre-treatment can be ne-
glected, while the ambient atmosphere can be com-
mon office air.

Conclusion and Outlook

This work has shown that MOS gas sensors in fact
show a run-in phase in the first operation time. Fur-
thermore, this run-in phase can influence the perfor-
mance of calibrations and thus, the quality of all ML
models. However, these effects can be compen-
sated by a previous pre-treatment phase, in which
all sensors are operated for at least five days. The
ambient sensor atmosphere can be common office
air, therefore allowing pre-treatment without the use
of expensive laboratory equipment. The operation
mode of the sensors is minor important and does
not affect the efficiency of the pre-treatment phase.
Future work will address the optimal duration of pre-
treatment, like three days or seven days. As a basic
recommendation the sensors should be operated
for a weekend, prior to any calibration, as a pre-
treatment phase. Future work may also take a close
look at other commercially available MOS sensors.
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