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Air and water pollution are now a major public health issue, and developing efficient detection
methods to better monitor this pollution is essential to reduce the risk of exposure. Innovative
materials such as nanomaterial-based sensors [1] have been proposed for their high sensitivity
to different chemical species in air and water and their ability to detect them even in very low
concentrations. However, if in laboratory these sensors are able to show encouraging results,
the passage in real conditions generally pose difficulties. This is often due to the fact that these
sensors are not very selective, and that in addition to reacting to changes in the concentrations
of the pollutants of interest, they may also depend on several other environmental variables,
such as temperature or relative humidity.

As the calibration relationship between the sensor outputs, the pollutant concentrations and the
other environmental variables is often unknown, two distinct phases are needed for these
sensors to be used in uncontrolled environments. In the first step, this relationship is estimated
using labelled data provided by reference sensors. In the second step, this relationship is used
to predict the pollutant concentration from the sensor outputs only. Several factors make this
estimation challenging: the potential existence of unmeasured but influential pollutants, the
measurement noise on the input and output data, and the likely non-linearity of the calibration
relationship (see [2,3] for more details).

A key point of the calibration process is the selection of the appropriate environmental variables
in the prediction model. In fact, due to strong correlations between environmental variables,
one often observes that the calibration model performance improves when including a variable
not directly influencing the sensor. On the other hand, this improvement actually constitutes
“overlearning”, as it does not transfer to times or places where the correlations between
environmental variables are different. Conversely, if one does not take into account an
environmental variable that has a true influence on the sensor, one directly degrades its
measurement performance. Identifying the optimal number of environmental variables to
include in the calibration process for effective sensor deployment is therefore critical.

The present contribution focuses on this selection process. Based on experimental data, and
simulated data (designed to be similar to the experimental one), we show that conventional
sensitivity analysis techniques are confronted with considerable difficulties due to measurement
noise and due to the high degree of correlation between variables. Similarly, we show that linear
regressions and statistical tests allowing to identify the variables with very limited influence on
the sensor responses are hindered by unobserved variables and do not fully answer the question.



As an alternative, we propose a new variance-based selection method. It allows a better
compromise between significant influence on the sensor and noise levels for their measurement
by auxiliary sensors.
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