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Summary:
A fully designed low-cost sensing node for air pollution monitoring and calibration results for several lowcost gas sensors are presented. As the state of the art is lacking information on the importance of an
active ventilation system, the effect of an active fan is compared to the passive ventilation of a lamellar
structured casing. Measurements obtained in an urban outdoor environment show that readings of the
low-cost dust sensor (Sharp GP2Y1010AU0F) are distorted by the active ventilation system. While this
behavior requires further research, a correlation with temperature and humidity inside the node shown.
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Background and Motivation
Air pollution is the biggest environmental health
risk in the European Union (EU). It is estimated
that 400,000 premature deaths are caused by air
pollutants per year. The EU aims to reduce this
number by 52% by 2030 compared to 2005 [1].
Especially in industrial environments, where
workers are exposed to airborne by-products,
continuous monitoring is crucial to develop and
comply with occupational health standards.
Rapid developments in sensor technology enable new and cost-efficient possibilities for longterm monitoring of air parameters. A concept that
combines the advantages of stationary low-cost
and mobile high-quality sensors in one system
was proposed in [2] and is the objective of the
research project “Robot-assisted Environmental
Monitoring for Air Quality Assessment in Industrial Scenarios” (RASEM).

solutions (e.g., [3]), there is little information on
the overall manufactured design (e.g., casing) or
how important an active ventilation system is.
Sensing Node Setup
Compared to the state of the art, this sensing
node includes a fan for active ventilation. The
sensors are sheltered by a commercially available weather protective casing, which enables
passive ventilation through its lamellar structure.
The Arduino framework is used, which comes
with a high variety of available software libraries.
An ESP32 microcontroller (Espressif ESP32DevKitC-32U), which is compatible with Arduino,
a real-time clock (Adafruit DS3231), and a micro
SD breakout board (Adafruit MicroSD) are
housed in a 3D-printed casing at the bottom of
the sensing node. Data is transmitted via antenna and WLAN to a central server unit.

Related Work
Although many approaches and projects aim to
leverage low-cost devices for a next-generation
air pollution monitoring system, research shows
that state-of-the-art devices cannot replace traditional reference monitoring stations, because
they lack accuracy and require extensive calibration in laboratory and field [3][4][5].
Hardware platforms used by other researchers
were analyzed and compared in [6]. An Arduino
microcontroller with similar low-cost sensors
used in this project has been used for dense pollution monitoring in foundries [7]. While previous
research papers focus on the performance of
specific sensors (e.g., [4]) or ready-to-buy-

Fig. 1: Left: Sensing node during tests with a fog machine. Right: 3D rendering of a sensing node.

Environmental Sensors
A. DHT22 Temperature & Humidity Sensor
An Adafruit AM2302 is used, which is a wired
DHT22 temperature and humidity sensor.
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According to the datasheet, operating ranges
(and accuracies) are -40 to 80 °C (± 0.5 °C) for
temperature and 0 to 100% (± 2%) for relative
humidity, however [4] indicates that the error for
humidity readings is up to 5%.
B. WaveShare Dust Sensor
This WaveShare dust sensor board is a Sharp
GP2Y1010AU0F optical dust sensor with resistors on board. The manufacturer specifies the
measurement range with up to 500 μg⁄m3 , however, previous research by [5] shows that the
sensor signal outputs are not well correlated to
the mass concentration. To adapt the sensor
board to the ESP32’s analog-to-digital converter,
the existing resistors are changed to increase
the maximum sensor output to 1.1 V.
C. SPEC Digital Gas Sensor
The digital gas sensor module by SPEC Sensors
can be used with different electrochemical sensors. 8 CO and 16 Indoor Air Quality (IAQ, COcalibrated) are three-point calibrated with dry reference gases at room temperature (Fig. 2).

Fig. 3: Three days of dust and temperature sensor
readings. Variance in dust samplings correlates with
the temperature inside the sensing node.

Conclusion
More investigations are needed to explain and
verify the influence of an active fan on dust sensor readings. Future experiments will investigate
how this effect diminishes after turning off the
fan. Apart from that, further research may identify how low-cost sensors can support traditional
reference sensors for environmental monitoring.
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