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Abstract: Nowadays, there is a growing demand for a well-distributed sensor network to monitor air
quality which can aid policymakers in making decisions. This has led to an increase in the R&D of
cost-effective and energy-efficient sensing solutions. In this study, sensing platforms composed of
MEMS chemoresistive gas sensors were developed and deployed in two Italian cities for the detection
of pollutants. Over three years of measurements, the sensors have proven to be reliable in detecting
CO, NO; and O3 with high accuracy compared to data collected by local environmental protection
agencies, paving the way for their potential validation and future adoption.
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1. Introduction

Despite the EU’s efforts to reduce outdoor air pollutants, some toxic gases, such as
NO; and O3, still exceed the recommended limits, resulting in high economic costs and
premature deaths. To tackle this problem, the European Commission’s resolution ‘Clean
Air for All’ calls for the development of low-cost, portable, multi-sensory intelligent air
quality monitoring systems. These new devices need to be high performing but at the same
time low cost and portable in order to be employed alongside the currently used high-cost,
certified monitoring tools of the environmental protection agencies (EPAs) and remote
sensing to obtain a well-distributed sensing network that can support the policymaker
and public bodies in their decision for contrasting the emission and spreading of the
pollutants. Here, we present the data collected over 3 years regarding the deployment of
sensor platforms developed at the Bruno Kessler Foundation (FBK), based on arrays of
micro-electro-mechanical-system (MEMS) chemoresistive gas sensors.

2. Materials and Methods

The arrays of MEMS chemoresistive gas sensors were composed of different nanostruc-
tured Metal OXide (MOX) semiconductors, synthesized through the sol-gel method. The
nanostructured MOX semiconductors were deposited through screen printing onto low-
power-consumption micro-hotplates, obtained through silicon microfabrication processes,
as described in [1]. A preliminary screening of the most suitable MOX semiconductors to
be deployed for in-field calibration and tests was carried out in a custom-made gas test
bench, equipped with gas cylinders with certified concentrations, mass flow controllers, a
sealed chamber hosting the sensors and a suitable electronic board for signal read-outs [2].
The final sensor platforms (Figure 1a) were composed of (i) MEMS chemoresistive gas
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(a)

Electronic board +
Raspberry Pi0

Enclosure

sensors; (ii) a custom-made electronic board for sensor signal read-outs; (iii) Raspberry
Pi0 for communication and data transmission; (iv) a pump for air recirculation; and (v) a
custom-made enclosure. In total, seven sensor platforms were deployed and tested, two
in Trento (from 2019 to date) and five in Terni (from 2021 to date). Certified data of the
EPA were used as a gold standard for the calibration of FBK devices, obtained through the
development of a deep neural network (DNN)-trained model.
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Figure 1. (a) Prototype of final sensor platform; (b) comparison between SnTiNbOx (STN) electrical
conductance (orange line) and the real concentration of CO (EPA monitored, blue line), from 6 to 16
February 2020.

3. Discussion

The preliminary measurement campaign, performed using the custom-made gas test
bench at FBK, defined the most suitable sensing materials to be used in the final gas sensor
platforms [2]: ZnO for O3 detection, SnTiNbOx solid solution for CO detection and three
different sensing materials (LaFeO3, SmFeO3; and WO3) for NO; monitoring. During the
deployment of the sensor platforms (Che Aria! and TernAria projects), sensor raw data
collected (Figure 1b) were divided into three datasets for training, validation, and testing the
DNN model used for device calibration. The model was optimized by minimizing the mean
square error (MSE). The R-square (R?) was used to compare the predicted concentration by
the MEMS chemoresistive gas sensors with the actual concentration of pollutants detected
by EPA tools during validation. O3 (87.2%) and CO (80.5%) had very good R?, but NO,
(R? = 70.4%) needs further improvement in model calibration.

Author Contributions: Conceptualization, A.G. and P.B.; methodology, A.G., M.V, P.T. and M.M.;
software, P.T. and M.M.; validation, A.G., M.V,, P.T., C.D. and M.M,; investigation, A.G., M.V, PT. and
M.M.; data curation, P.T., M.M. and V.G.; writing—original draft preparation, A.G.; writing—review
& editing, A.G.,, M.V,, PT.,, MM, V.G,, C.D. and P.B; funding acquisition, P.B. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was partially funded by the CARIT foundation (Terni, Italy), TERNARIA
project, grant number “call 1/2021_Scientific research”, and by the CARIVERONA foundation
(Verona, Italy), SILICA project, grant number 2022.0098.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author (A.G.).

Acknowledgments: We would like to thank all the people, research centers, public bodies and
organisations that contributed to the “Che Aria!” and “TernAria” projects, where the sensor platforms
developed were used.



Proceedings 2024, 97, 36 30f3

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Gaiardo, A.; Novel, D.; Scattolo, E.; Crivellari, M.; Picciotto, A.; Ficorella, F.; Iacob, E.; Bucciarelli, A.; Petti, L.; Lugli, P; et al.
Optimization of a low-power chemoresistive gas sensor: Predictive thermal modelling and mechanical failure analysis. Sensors
2021, 21, 783. [CrossRef] [PubMed]

2. Gaiardo, A.; Demeneyv, E.; Bellutti, P.; Dolci, C.; Maestrini, A.; Antonelli, F.; Miotto, V. New Chemoresistive Gas Sensor Arrays
for Outdoor Air Quality Monitoring: A Combined R&D and Outreach Activities. In Proceedings of the Electrochemical Society
Meeting Abstracts, Chicago, IL, USA, 30 May-3 June 2021; The Electrochemical Society, Inc.: Pennington, NJ, USA, 2020; Volume
237, No. 29. p. 2203.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/s21030783
https://www.ncbi.nlm.nih.gov/pubmed/33503884

	Introduction 
	Materials and Methods 
	Discussion 
	References

