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Abstract

This paper gives a short technical report on preliminary real-world measurements by low-cost gas
sensor-systems for air quality monitoring. Measurements were performed by low-cost electrochemical
gas sensors (CO, NO,, Oz, SO,), optical particle counter/detector (PMy, PM25, PMyg), NDIR infrared
sensor (CO,), photo-ionisation detector (total VOCSs), including miniaturized sensors for meteorological
parameters (temperature, relative humidity). The sensors are running and installed in the city to
assess the performance during a campaign of several months of operation in the framework of Italian
national projects devoted to sustainable innovation in the smart cities. Relevant concentrations
according to recommended values given by the European Directive (2008/50/EC) on Ambient Air
Quality in Europe are in the low ppb-ppm range, depending on targeted pollutant. Our projects make
use of two complementary approaches to achieve this challenge: stationary GSM-connected sensor-
nodes distributed in the city and mobile sensor-systems GPS-connected to smartphone for indoor-
versus-outdoor applications. The first results indicate that these solutions are suitable for air quality
monitoring with intensive inclusion to address indicative measurements (2008/50/EC).
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Introduction smog, ozone layer deterioration and global
Environmental monitoring is strongly required to ~ Warming.

protect the public health [1] and save the  However, current monitoring methods are costly
environment from toxic contaminants and  and time-consuming, also limitations in sampling
pathogens that can be released into air. Air-  ang analytical techniques exist. Clearly, a need
pollutants include carbon monoxide (CO), exists for accurate, inexpensive long-term
nitrogen dioxide (NO), sulfur dioxide (SOz),  monitoring of environmental contaminants using
particulate matter (PM), that originate from |ow-cost solid-state gas sensors that are able to
various sources such as vehicle emissions, operate on-site and real-time [2-8]. Calibrated
power plan'[s, I’efinel’ieS, indUStl’ia|_ and _|ab0rat0ry cost-effective gaS Sensors are a Very interesting
processes. Ozone (Os) detection is a key solution for networked systems suitable to
parameter to control the urban environment.  monijtor air-pollutants in urban streets and real
Volatile organic compounds (VOCs) are critical  scenario of smart cities with high spatial and time
for environmental protection and human health  yesojution. Stationary and mobile approaches of
as well. Greenhouse gases (COz, CHa, N2O, etc.)  sensor-systems for air quality monitoring are

are important to be monitored in order to  challenging for real-time and in-situ real-world
estimate the current trend of the sustainability in  measurements.

the smart cities and megacities. The World o

Health Organizaton (WHO) reports the air [0 ENEA, at Brindisi Research Center, a
pollution as a significant risk factor for human handheld gas sensor-system called AIRBOX
health. This causes serious problems such as  based on solid state gas sensors was designed
skin and eyes infections, irritations, heart and implemented [9-19]. This system is the last
diseases, bronchitis, asthma, lung cancer. Also, ~ result of our researches in the area of tiny and
air pollution is one of the major causes for many ~ Portable system for air quality control based on
premature deaths. Finally, air pollution not only ~ cost-effective solid state gas-sensors. The main
has bad effects on public health but also on the ~ goal of the system is the development of a
environment such as acid rains, photochemical ~ Portable equipment in order to detect some air-
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pollutant gases such as CO, SO, NO;, Ogs;
volatile organic compounds (VOCs); particulate
matter (PM.,, PM,s, PMyg); greenhouse gases
(CO,) and meteorological parameters
(temperature, relative humidity) in the urban
areas at outdoor level. This sensor-system is
equipped by GSM-modem for wireless data
communication towards a receiving server to
create a database of environmental data
collected by in-situ devices. A network of sensor-
nodes has been deployed in the city of Bari
(Italy) to assess the sensor performance in real
scenario. Also, a portable gas sensor-system
connected to smartphone has been investigated
to monitor the cabin air quality in a car circulating
in a city (Mesagne, Italy) during day-life traffic.

In this paper we report on preliminary
measurements by stationary and mobile air
quality sensor-systems for environmental
monitoring applications in real scenario.

Stationary AQ sensor-systems

The sensor-system AIRBOX is equipped with 4
low-cost electrochemical gas sensors (NO,, Os,
CO, S0O,), 1 NDIR sensor (CO;) and 1 Photo-
lonisation detector (tVOCs) by Alphasense Ltd
(UK), 1 low-cost optical PM detector by Shinyei
Technology Co Ltd (Japan), 1 temperature
sensor (LM35CZ) by National Semiconductor
Co. (USA), and 1 relative humidity sensor (HIH-
3610 Series) by Honeywell (USA).

The low-cost sensor-system is shown in the Fig.
1. The characteristics of the sensors for air-
quality monitoring are reported in the Table 1.

Tab. 1: Characteristics of AIRBOX sensors

Sensor Features
Gas Model / Operating i
Manufacturer | range (ppm) | >'2¢ (MM)
NO, NO2A1 - B4 0-2 Diameter: 20
Alphasense
o O3Al-B4 0-2 Diameter: 20
Alphasense
COCX - B4 i :
co Alphasense 0-20 Diameter: 20
S0, SO2AF - B4 0-2 Diameter: 20
Alphasense
co, CO2 - NDIR 0-3000 | Diameter: 20
Alphasense
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Sensor Features
Gas Model / Operating )
Manufacturer range (ppm) Size (mm)
VOCs-PID . .
tVOCs Alphasense 0-100 Diameter: 20
Particle size:
PM PPD20V ISumi 59y 45 22
Shinvey Range:
0 - 100 pg/m®
LM35Cz
Temp National -10°C - +80°C 8x5x2
Semiconductor
HIH-3610 o
RH Honeywell 0-90% 6Xx6x2

In order to give AIRBOX a high flexibility grade,
we have designed several modules: main board,
sensor boards, USB port-hub, power module,
GSM modem, GPS device. Main board is a
Raspberry PI module which is in charge to
interface the end-user with the sensor boards,
providing the necessary service implementing
the equipment functionalities. Sensor boards
communicate with main module via USB port-
hub following the master-slave scheme. The
end-user interface is given by a web browser
page by which operators can get machine full
remote control. This is possible by connecting
any PC with the web server running on the
Raspberry board via Wi-Fi or LAN or GPRS-
UMTS connection.

AIRBOX can operate with several sensor boards
at the same time by means of the USB hub and,
therefore, it can run a great variety of sensors.
The AIRBOX sensor-node is distributed in the
city Bari (Italy) for air quality measurements as
depicted in the Fig. 2.
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Box IP65/66

PM Sensor
EC Gas Sensors

Fig. 1. AIRBOX sensor-system by ENEA (Brindisi)
for air quality monitoring as node distributed in city.

Fig. 2. Planned map of AQ sensors network distributed at Bari (Italy) in the frame of RES-NOVAE project [9].
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Currently, a long-term experimental campaign
is running in the city to assess the sensor
performance in real scenario. Preliminary
results have shown that the selected low-cost
sensors are very good candidates to monitor air
pollution in continous regime. Fig. 3 shows the
response of the electrochemical sensors (Os,
NO,) and the optical counter (PMy,) of the
AIRBOX installed in city at location (Node 1).
The NO, and O; detection is effective with both
electrochemical sensors and their cross-relation
is also existing [2]. Both sensors have
measured concentrations in the range from 0 to
70 ppb. Further results concerning PMy,
detection by optical counters are shown in the
range from 10 to 50 pg/m®. Some instant peaks
are regularly recorded as 150 ug/ms.
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Fig. 3. Typical NOz and Oz (top) and PMyo (bottom)
time-tracks of AIRBOX sensor-system operated at
city for long-period campaign (21 July 2015, time:
16:06 to 07 August 2015, time: 18:23 in city).

Mobile AQ sensor-systems

Participatory sensing is very important to
involve citizens in the air quality monitoring.
Thus, consumer technology as smartphone is
very effective to enhance environmental
awareness in the citizens. In order to detect low
concentrations of air-pollutants, low-cost sensor
modules connected to smartphone via
Bluetooth are emerging in the air quality control.
ENEA (Brindisi) has developed a prototype of

portable sensor-system connected to
smartphone via Bluetooth (see Fig. 4) in order
to record air pollution during day-life.

Fig. 4. Mobile gas sensor-system for cabin air
quality monitoring and connected to a smartphone
via Bluetooth.

We have evaluated this sensor-device during a
test for cabin air quality monitoring. This
sensor-system was installed in a car circulating
in the city for a 2 hours (see Fig. 5). The results
have shown that some peaks (CO, NO,) are
recorded (see Fig. 6) during test, as expected.
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Fig. 5. Mobile gas sensor-system, mounted in car,
for cabin air quality monitoring.
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Fig. 6. Transient response of the mobile gas
sensor-system for cabin air quality monitoring: a)
NO, sensor and b) CO sensor.



Conclusion and outlook

The preliminary results achieved within the
national projects for the city AQ monitoring by
low-cost sensors are very promising. Of course,
to achieve the overall goal of low-cost
monitoring and accurate measurements, many
problems remain to be solved, e.g. regular
calibration, elimination of cross-interference,
drift correction, enhanced selectivity to make
full use of the potential provided by the low-cost
sensor-systems for large involvement of the
citizens in the air quality monitoring [20-22].
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