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ABSTRACT
This paper presents a preliminary experiment done to identify po-
tential problems and issues in setting up a testbed for air pollution
measurement and modeling. Our final testbed, part of a joint re-
search activity between the University of Bologna and the Macao
Polytechnic Institute, will be composed of three lines of the air
pollution sensors Canarin II and it will be used to produce spatio-
temporal open data to test third-party air pollutionmodels. Here, we
present a preliminary experiment based on a single line of sensors,
showing interesting insights into the actual open challenge of air
pollution modeling techniques validation, taking into account the
effects of air pollutant emissions sources, meteorology, atmospheric
concentrations and urban vegetation.
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1 INTRODUCTION
Air pollution is a phenomenon by which solid and liquid particles
and gases contaminate the environment with negative effects on
population health [6, 14]. The effects can be really serious, even
lethal, as stated by the World Health Organization (WHO) that
renominated this phenomenon the invisible killer, estimating in 7
million the number of deaths every year caused by the exposure
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to fine particles in polluted air [13]. In the same report WHO also
claimed that 9 out of 10 people worldwide breathe polluted air and
more than 80% of people live in urban areas where the air quality
levels exceed the WHO guideline level [13]. Different strategies can
be employed to tackle this problem and achieving sustainable devel-
opment, such as sustainable transport, more efficient and renewable
energy production and use and waste management [12]. The first
action that local governments and policymakers should tackle is the
gathering of air quality data to reflect their commitment to air pol-
lution assessment and monitoring [21]. Having the data, it becomes
relevant to develop models able to understand and predict the way
pollutants behave in the atmosphere, so as to state the actual air
quality in an area [20], and then equipping citizens with tailored
services (i.e., mobile apps computing personalized pedestrian and
cycling paths in the urban environment [9, 15], keeping the citizens
in mind, as well as their preferences and needs [8, 10]).

Several mathematics theories and numerical tools have been
studied in the literature, under the umbrella term air pollution
modeling, to understand the causal relationship between emissions,
meteorology, atmospheric concentrations, deposition, and other
factors [18]. The techniques used are several (see, for example,
[3, 7]) but the common goal is to make an assessment of pollutant
impact over a given area using a defined set of data.

In the last years, new technologies are emerging, which provide
an alternative and cost-efficient approach to measure air pollutants
[17]. Being low-cost and adequately precise, this new generation
of pollution sensors are completely changing the possibility to be
aware of the air quality in the urban environment. In this context,
we are involved in the development and test of Canarin II, the result
from the collaboration among the University of Bologna, the Univer-
sitè Pierre et Marie Curie, the Macao Polytechnic Institute, and the
Asian Institute of Technology. The Canarin II architecture works
on a UDOO Neo Full, an Arduino-powered Android/Linux single
board. It measures PM1, PM2.5 and PM10, pressure, temperature,
humidity and UV [1].

The availability of Canarin II sensors drove us in designing and
setting up an air quality testbed, with three goals in mind:

(i) To produce a set of spatio-temporal open data in different
weather condition in order to provide third parties with air
quality data to test their own models. Other measures (e.g.
sensed wind, detailed map of the area, vegetation distribu-
tion) will be provided in order to offer a complete set of data
to appropriately test pollution diffusion models.
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(ii) To develop models to measure and test the accuracy and
efficacy of air pollution modeling techniques, using outdoor
air quality data collected under the presence of specific cir-
cumstances that can affect the outcome, such as present and
future barriers. To make the defined models even stronger,
in the future, such dataset could be integrated with data
recorded using mobile sensors provided to users and gath-
eredwhile moving in the surrounding area (e.g. using sensors
on shared bikes [1]).

(iii) To determine the best configuration needed in term of the
number of sensors and distance between each sensor in order
to collect air quality data and assess with a high accuracy
the validity of air pollution models.

To address the three research issues, we designed a preliminary
experiment using a set of sensors that are being deployed around a
new building, 30.000 m2 wide, which is the new seat of the Campus
of Cesena of the University of Bologna (in the Cesena city). The
building is located in a particular area, surrounded both by pollutant
sources (e.g. a highway and a railway) and by residential/green
areas. Due to the peculiar characteristics of the area and the shape
of the building, a strategic sensors deployment will let us collect a
rich dataset that incorporates phenomena affecting the air quality
assessment.

2 AIR POLLUTION MODELS ASSESSMENT
As briefly mentioned, several air pollution modeling techniques
have been studied and developed to address three main concerns: to
assess the existing air quality situation and calculate the population
exposure to pollution; to forecast changes in pollution levels and
prevent or inform about oncoming predicted critical episodes; to
define an air quality planning program. Often these models have
been used i) in various forms, ii) with not-standardized and not
accurate enough datasets, and ii) with differing and often incompa-
rable quality assurance methods, at both national and local levels.
This scenario let emerge the urgent need to harmonize the way
these models are validated so as to achieve reliable results.

Different factors affect the outcome resulting from the applica-
tion of air pollution modeling techniques and need to be considered
in the design of the models to avoid uncertain results [5]. Such
issues include:

• urban vegetation: vegetation can, directly and indirectly,
affect local and regional air quality by altering the urban
atmospheric environment [11];

• background concentration: this factor indicates the concen-
tration that would be measured if local sources were not
present [2];

• urban layout: buildings can alter the concentration and de-
position values [3];

• terrain: the conformation of the area needs to be considerate
to simulate the movement of pollutants in the atmosphere
[3];

• water source: water, in form of rivers, lakes, or oceans, may
transport pollution for long distance, and, sometimes, in high
concentrations [4];

Figure 1: Areas around the campus building.

• meteorological data: information about wind speed and di-
rection, temperature, humidity are relevant in air pollution
modeling [16].

Acquiring precise and variegated enough input data to test the
models is a hard task. Some projects have been created with the
aim of creating an open data collection of air quality data. One
example is represented by OpenAQ1 with a dataset aggregating
air quality measurements, obtained by government agencies, from
8,589 locations in 67 countries. Even than this project is really
interesting and has hight potential as a tool to inform people about
monitored pollution, the dataset can not be used for air pollution
modeling since it doesn’t include important information related
to the context the data are collected, neither the accuracy of the
used sensors. Unfortunately, this problem is common to several
government open data air quality measures collections. For this
reason, with this experiment we want to fill the gap providing an
open dataset of spatio-temporal data, providing all the information
needed to assess in a rigorous way the accuracy of thirty-party air
pollution models.

3 THE SPATIAL CONTEXT
Our testbed is being set up in the Campus of Cesena of the Univer-
sity of Bologna. It is a new building (partially under construction),
located at the border between a park (see A in Figure 1, west direc-
tion), a residential area (B, sud), a not operating industrial zone (C,
east) and the railroad/highway area (D, north). The park is part of
the Savio River Reserve, which extends along the River Savio in
the part where the reserve enters the urban area of Cesena2. The
not-operating industrial area is occupied by two buildings origi-
nally devoted to fruit storage and distribution. The highway and the
railroad enter the city of Cesena going parallel. The highway goes
underground to cross the city center nearby the campus building
(300 m). The railroad reaches the station 1,2 Km after the campus
building. In order to protect the building from pollution coming
from the railroad and the highway, an artificial hill (E, north) was
created in the north garden, between the building itself and the
railroad/highway area.

1https://openaq.org/
2https://en.wikipedia.org/wiki/Savio_River_Reserve
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Figure 2: Detail of roads around the building.

Figure 3: The artificial hill created to protect the building
from pollution coming from the railroad and the highway.

Figure 2 shows a more detailed map, where the main sources
of pollution are depicted respectively in white (H, the highway)
and yellow (R, the railroad). A minor source of pollution is via
Macchiavelli (M, in blue in figure 1). All other streets around the
building (depicted in light blue) can be considered irrelevant due to
the very limited traffic flow.

The artificial hill E partially protects the building from pollution
coming from the D area. Figure 3 shows the view of the railroad and
the highway taken from the internal part of the courtyard garden.
While the hill protects the right part of the view, on the left both
the railway and the highway are visible. Similar pictures can be
taken from the east side of the building.

4 THE SENSORS STATION
The Canarin II [1] is the result of the collaboration among the
Macao Polytechnic Institute, the Asian Institute of Technology, and
the Pierre and Marie Curie Sorbonne University.

The sensors station senses different air quality and environmen-
tal conditions, such as PM 1.0 (<10 microm) particles, PM 2.5 (<2.5
microm) particles, and PM 10 (<10 microm) particles, temperature,
relative humidity, and air pressure.

The architecture is based on UDOO Neo Full 3, an Arduino-
powered Android/Linux single board computer that overcomes
some limitations emerged in the first version of the sensors station
[19], such as:
3https://www.udoo.org/udoo-neo/

• a new 1GHz ARM Cortex-A9 microprocessor;
• the inclusion of PM 1.0 (<1.0 microm) particles concentration
and formaldehyde sensors;

• a more powerful SD card;
• a new Wi-Fi module for a stronger connection stability;
• a better management of the sensed data: if the Internet con-
nection is missing, the data are saved on the local SD and
send to the server when possible.

The new system architecture is, therefore, structured around
three layers: (i) all the sensors run on an Arduino UNO-compatible
platform that clocks at 200 MHz, based on a Cortex-M4 I/O real-
time co-processor; (ii) a Linux based OS stores the data into files and
it establishes a connection to the server in order to send data; (iii)
a server side that provides a data repository and data intelligence
as well. The sensors station design is based on an in-house printed
circuit board (PCB) that hosts the board and the sensors welded. The
communication is based onWi-Fi and the board is also configured to
be connected to GSM network using the EAP-SIM (EAP Subscriber
Identity Module) authentication framework by means of a USB SIM
reader. The communication protocol is based on a customized UDP
and it communicates to an enhanced MySQL database version.

We also designed an in-house 3D printed PLA (polylactic acid)
box to wrap the battery, the PCB, and the sensors together. Ev-
erything fits in a 19x15x7 cm and it weighs about 900g due to the
battery and the enclosure; a smaller and more portable 3D printed
box is about to be produced.

5 THE SENSORS DEPLOYMENT
As shown in Figure 4, our testbed will be set up using three outdoor
spaces: the west terrace, facing via Macchiavelli (1.WT - located at
second floor of the campus building), the courtyard garden (2.CG -
located at the ground floor) and the east terrace (3.ET - located at
second floor of the campus building). Canarin II pollution sensors
station will be located in three parallel lines of 4, one every 20
meters. The testbed is completed by an anemometer, to measure
the speed of the wind, located on the rooftop of the building (4.AN,
located at the roof of the third floor of the campus building).

The setup of the whole testbed will be completed in the next
months, accordingly with the completion of the building construc-
tion. This paper presents some preliminary tests conducted on a
partial sensors’ infrastructure, located in the WT (this area of the
building has been already completed). The dislocation of one line
of sensors stations in the WT area is shown in Figure 5, with a
distance of 20 meters between each Canarin II. Having four sensors
station in line allow as to overcome issues related to the accuracy
and calibration of the specific sensor. We estimated in 20 meters
the right distance to collect data affected by different factors. In
the next future, more tests will be made to define the best distance
needed between each sensor, and if this value is affected by the
position of the sensors in the different areas (i.e., WT, GT and ET),
settled to capture different urban scenarios and pollution sources.

In a month of data gathering, we already gathered 714,240 com-
plex entries in our database. Each entry includes several values
(such as PM 1.0, PM 2.5, PM 10, humidity, temperature, wind di-
rection and speed, air pressure) contextualized in space (the GPS
coordinates) and time.
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Figure 4: Testbed design and experimental setup.

Figure 5: The deployment of one line of sensors

6 CONCLUSION AND FUTUREWORKS
In this paper, we present a preliminary experiment to strategically
deploy sensors stations in a new University campus. At this stage,
the campus is composed by a single building that is located in a
peculiar area, allowing to sense air quality data affected by different
factors, including vegetation, different mobile pollution sources, a
specific urban layout, and the proximity to a river natural reserve.

With this research project, we intend to address three open
issues: i) producing an accurate open data collection that can be
exploited by third parties to assess their own air pollutionmodels; ii)
developingmodels tomeasure the accuracy and test the efficiency of
air pollutionmodeling techniques; iii) defining strategic deployment
configurations of air quality and environmental sensors (e.g., the
distance between each sensor, the number of sensors, positions).

As an initial deployed, we used a line composed by four Canarin
II sensors stations. Each sensors station is able to accurately sense
PM 1.0, PM 2.5, PM 10, relative humidity, temperature. Moreover, we
augmented the sensing platform with an anemometer, to measure
the speed of the wind. In a month, we already collected 714,240
spatio-temporal entries, where each entry is composed of all the
sensed environmental conditions at a given time and location.

We are planning to extend the actual deployment including other
two lines of sensors located in strategic positions in the building,
facing areas with different characteristic (such as vegetation, layout,

exposure to pollutant sources). Moreover, we are considering to
integrate our dataset with data gathered using mobile air quality
sensors to create an even more accurate and variegated collection
of open data.
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