
https://doi.org/10.1007/s11036-021-01742-4

On exploiting Data Visualization and IoT for Increasing
Sustainability and Safety in a Smart Campus

Chiara Ceccarini1 · Silvia Mirri1 · Paola Salomoni1 · Catia Prandi1

Accepted: 8 March 2021
© The Author(s) 2021

Abstract
In a world that is getting increasingly digital and interconnected, and where more and more physical objects are integrated
into the information network (Internet of Things, IoT), Data Visualization can facilitate the understanding of huge volumes
of data. In this paper, we present the design and implementation of a testbed where IoT and Data Visualization have been
exploited to increase the sustainability and safety of the Cesena (Smart) Campus. In particular, we detail the overall system
architecture and the interactive dashboard that facilitates the management of the campus premises and the timetabling.
Exploiting our system, we show how we can improve the campus sustainability (in terms of energy saving) and safety
(considering the COVID-19 restrictions and regulations).
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1 Introduction

Data visualization can be defined as “a way to represent
information graphically, highlighting patterns and trends
in data and helping the reader to achieve quick insights”
and as a tool to enable “the exploration of data via the
manipulation of chart images, with the color, brightness,
size, shape, and motion of visual objects representing
aspects of the dataset being analyzed” [1]. In a world that is
getting increasingly digital and interconnected, and where
also the physical objects are integrated into the information
network to collect data about the environment (Internet
of Things, IoT), Data Visualization can facilitate the
understanding of huge volumes of data. This is particularly
true if related to smart environment, both outdoor (e.g.,
visualizing urban accessibility data [2–4]) and indoor
(e.g., designing infographics to stimulate environmental
awareness [5]). Focusing on the indoor, Data Visualization
can be useful to display information tied to the IoT
infrastructure and sensors deployed inside smart buildings,
to make people aware of the specific conditions (e.g., air
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quality and energy consumption [6]) and dynamics (e.g.,
people flow, [7]) of the environment they are experiencing.

A particular case of a smart building is a smart campus
[8, 9]. In this scenario, several studies investigated the use
of data visualization, exploiting the campus as a user-centric
testbed for IoT solutions aimed to benefit the University
community [9–11].

In this rich context, we here present our testbed,
designed, implemented, and deployed to assist administra-
tive staff, ICT staff, faculty members, and, lastly, students,
in increasing the sustainability and safety of the Cesena
(Smart) Campus, one of the campuses of the University
of Bologna. In particular, as a case study, we exploited a
responsive web-based dashboard to analyze data by interact-
ing directly with a visual representation of them. Such data
are related to the University timetabling and are the result of
the aggregation/integration of different data sources, includ-
ing University Open Data and data gathered by our IoT
infrastructure. In fact, the IoT infrastructure enables the col-
lection of real-time data about i) premises (i.e., classrooms
and labs) occupancy thanks to a camera-based people count-
ing service [12]; and ii) environmental conditions (e.g, air
quality, temperature, humidity) through the Canarin II sen-
sors stations [13]. We deployed such IoT infrastructure in
20 classrooms and labs. To present the potentialities of our
approach, two cases are presented: one related to sustain-
ability and energy saving, and the other related to safety and
the new COVID-19 restrictions and regulations.
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The remaining of the paper is organized as follows.
The next Section describes studies that investigate i) Data
Visualization strategies in smart campus scenarios, ii) IoT
infrastructures to measure the number of people in a
Campus premise, and iii) IoT infrastructures and Smart
Environment strategies to monitor occupancy and physical
distances in indoor environments in the COVID-19 era.
Inspired by these studies, we designed and implemented
our system, as presented in Section 3. Then, we detail the
dashboard we designed and implemented (Section 4) and,
to explore the potentialities of such system, we present
two cases study, focusing on sustainability and safety
(Section 5).

2 Related work

This Section briefly describes the most interesting research
works related to the following topics: i) Data Visualization
strategies in smart campus scenarios, ii) IoT infrastructures
to measure the number of people in a Campus premise, and
iii) IoT infrastructures and Smart Environments strategies
to monitor occupancy and physical distances in indoor
environments in the COVID-19 era.

2.1 Data visualization solutions in the smart campus
context

Considering Data Visualization as a tool to enable a
better understanding of data in Smart Campus scenarios,
dashboards can be an effective graphical user interface tool
to provide at-a-glance views of the gathered data to users. In
[14], authors created Campus Energy Education Dashboard
(CEED), a dashboard to visualize the energy consumed
inside a university campus to improve energy efficiency
and increase the knowledge of its occupants. CEED used
a digital map of the campus to provide information about
the building that consumes more energy and a bar chart
to display the same information. Exploiting both real-time
and historical data. The system targets two different groups
of users, providing analytic features for stakeholders and
engagement features to students and staff. Another example
is Ubidots, a dashboard where data from smartphones are
collected and then visualized to monitor the mobility inside
the campus [15]. In [16], Longre et al. proposed a model
for the design of dashboards that display sensors data
visualization in the context of a smart campus. In particular,
they claim that the data displayed and the visualizations
should take into consideration the users’ roles. Sensor data
could be environmental-related. For example, Hentschel et
al. used a simple web dashboard to display data related
to temperature and light intensity inside an office at the
University of Glasgow [17]. Instead, USC AiR is a mobile

application to display data about the air quality inside a
campus. This application also exploits augmented reality to
make users more engaged with those data and to inspire
them to contribute to the reduction of air pollution [18].
Similarly, Bujary et al. [19] resorted to augmented reality
to lure users into using a pedestrian navigation application
whose goal is also to gather quality environmental data in
the premises of the University of Padua. The application
is coupled with a web service providing a heatmap of
collected historical values and their evolution in time. It
was then expanded to be used even on smartwatches and
with an algorithm able to generate best routes considering
also light and brightness beside the classic shortest path
[20]. AlmaMap is another example of an application that
displays environmental data, such as temperature, humidity,
pressure, and particulate matter, gather from sensors inside
a university campus, whose location is visible through the
visualization of the campus map [9]. Tarabieh et al. used
a map-based visualization, together with a bar chart, pie
chart, and dial gauge, to provide data about the energy
consumption in a university campus and to produce a
behavioral change in the campus community [21].

Focusing on the issue to detect and monitor classroom
occupancy, Sutjarittham et al. used data visualization
techniques, like heatmap and line chart, to display
attendance patterns during classes and the actual occupancy
in the classrooms [22]. Inspired by this study, we
pushed this approach further, providing a data visualization
dashboard that not only visualizes the classrooms/labs
actual occupancy but also allows the user to easily perform
visual comparisons to find the optimal course timetabling
for real-time or medium- and long-term actions.

2.2 IoT infrastructures for classroom occupancy
monitoring

This SubSection focuses on some interesting approaches
used to count people in indoor environments. In literature,
there are many works devoted to indoor track and count
persons, based on different technologies and architectural
solutions. Some of those works are based on the use of
passive infrared sensors (PIR) [23], which are electronic
sensors that can measure infrared light radiating from some
objects in their field of view. Some projects take advantage
by using multiple PIR sensors [24], thus they can calculate
the number of persons who are in an indoor environment by
computing the number of people passing through doorways
to access that place. A different approach is based on the
Radio Frequency Identification (RFID) technology [25].
Basically, it consists of three components: (i) the readers,
(ii) the tags, and (iii) the middleware software. Several
solutions have been adopted and developed by applying this
approach, exploiting probabilistic estimators that achieve
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the required accuracy and confidence level [26]. Other
methods are based on the Wi-Fi probe-request-frame, which
takes advantage of the fact that smartphones and mobile
devices have been designed to periodically transmit such
frames with the aim of identifying when a known access-
point is positioned within a specific distance and by
capitalizing such a kind of Wi-Fi behavior [27]. Hence,
monitoring and counting these Wi-Fi frames can provide
support in people counting and crowd monitoring [28].
A different process, based on the use of a single carbon
dioxide sensor (CO2), has also been investigated [29]. The
idea behind this approach is that an indoor environment
is affected by human activities and that influence can be
measured by various sensors, so as to infer the density of
the crowd, as described in [30], or with the use of hybrid
techniques, by combining different sensors such as video
camera and CO2 sensors, as proposed in [31].

An additional approach we have analyzed is based on
taking pictures by cameras: its main target is the design
and the development of algorithms aiming at automatically
counting people. A technique that could be adopted is based
on the recognition of video segments stream, where the
counting process can be divided into two main steps: (i)
detecting moving blob on the basis of algorithms for motion
detection (background subtraction and/or a segmentation
strategy, i.e., K-means); (ii) monitoring the detected blobs,
with the aim of identifying the direction of the monitor or
to compute the number of people that are present in case of
a single frame shot from a camera. In order to accomplish
this task, two main categories of methods can be adopted:
(i) the Line of Interest (LOI) counting methods can evaluate
the number of people crossing a virtual Line of Interest
within the monitored scene [32]; (ii) the Region of Interest
(ROI) counting methods can estimate crowd, evaluating the
number of people who are present within a specific Region
of Interest in the monitored scene [33].

2.3 IoT infrastructures and smart environments
for occupancymonitoring in the COVID-19 era

This SubSection briefly introduces some of the main
interesting and recent works related to the use of IoT
and Smart Environments strategies with the aim of
monitoring occupancy of indoor spaces and detecting
physical distances among persons. The advent and the
evolution of the COVID-19 pandemic have pushed research
and development actions in this direction, with this specific
goal. One of the technologies that have been mostly
investigated has been passive WiFi sensing, so as to detect
students’ and staff’s occupancy and mobility within a
Campus and then analyzing how COVID-19 has impacted
the related Control Policies [34]. In particular, Zakaria et
al. have analyzed data collected from three different college

campuses (two in Singapore and one in the Northeastern
United States). Such a technology has been effective in
monitoring the number of people in a building, on average,
in a specific hour, and in detecting the number of places
visited by a single person, on average, in a specific hour.

The context of university campuses is one of the most
used case studies in such a situation. Longo et al. [35]
present a prototype of a smart object (named Smart Gate),
with the aim of monitoring people flow and of keeping track
of the occupancy levels. Such a prototype is equipped with
passive sensors (Time-of-Flight long-ranging sensors) and
cameras, collecting data on a Raspberry Pi and transmitting
them to a server for advanced analysis.

A monitoring system based on PIR (passive infrared
radiation) sensors is proposed in [36], where the authors
investigated the applicability of large data acquired from
IoT tools for enhanced space use management to achieve
operational efficiency at universities. The proposed study
aims to identify methods for measuring and quantifying
space use, that could significantly change during special
circumstances such as the COVID-19 pandemic. Also in
this study, the data collected from the IoT infrastructures are
turned into information to support the decision-making on
the management of campus, taking into account the Umea
University (Sweden) as a case study.

In [37], Fernández-Caramés et al. proposed the use
of Distributed Ledger Technologies (DLTs) including
blockchain [38], together with Artificial intelligence algo-
rithms with the aim of collecting data about people’s occu-
pancy in an indoor environment, in a way that preserves
privacy, and that is the most accurate, transparent and trust-
worthy as possible. The work proposed by these authors
aims to estimate the real-time people occupancy level in
public spaces such as buildings, classrooms, businesses, or
moving transportation vehicles. In contrast to smartphone-
based contract tracing applications (requiring an active
involvement from the users, for instance by starting a mobile
app or enable Bluetooth communications), such a system is
based on autonomous wireless devices, without the need of
an active user action after powering them on.

A project that exploits such technologies in an outdoor
context is presented in [39], where the authors studied
outdoor pedestrian activity in New York City. To create
a holistic view of the city, the authors collected data in
three different scales: (a) The City scale (data have been
gathered through video streams gathered from public traffic
cameras), (b) the Public scale (data have been gathered
through video footage taken from instrumented vehicles
driving through the city), and (c) the Individual scale (data
have been gathered through mobile phone location data
volunteered by local citizens). These multi-scale data will be
used to form a map of urban mobility and space occupancy
under social distancing policy.
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Fig. 1 The system architecture

3 The system at a glance

In this Section, we briefly present the technological
aspects of the two core components of our approach: i)
the IoT infrastructure to gather real-time classrooms/labs
occupancy and environmental conditions, and ii) the Data
Visualization web application. An overview of the overall
architecture is depicted in Fig. 1. For more details about the
design process, see [40].

3.1 The IoT infrastructure

Our IoT infrastructure is composed of i) an edge-based
system that exploits cameras for people counting, and
ii) environmental conditions sensors stations to sense air
contaminants, gathering formaldehyde, PM1.0, PM2.5 and
PM10 values, temperature, relative humidity, air pressure.

Focusing on the camera-based system for people
counting, the main constituent of our architecture is the
client-side since almost the whole computation occurs
there. In particular, the architecture is composed of three
layers. (1) The data acquisition layer is devoted to the
data acquisition, exploiting Intel RealSense D415 Depth
cameras. The cameras are plugged-in (via USB) to a
Raspberry Pi 4 model B and we acquired 1280 x 720
pixel frame rate images every five minutes (this interval
was set to better support the storing operations). (2) The
prediction layer retrieves data from the cameras, on the
client-side, and exploits a custom model based on YOLOv3
with the aim of predicting the number of people in a precise
moment, dividing the image into regions and predicting
bounding boxes and probabilities for each region. In doing
that, we exploit a transfer learning methodology. Once
the prediction is done, the number of people predicted
and the timestamp are stored in a file with csv extension.
(3) The API layer, which, over HTTPS, responds the

needed information to the server requests. This three-layer
architecture based on a fat client-thin server has four main
advantages: higher scalability, working semi-offline, higher
availability, and privacy compliant. Moreover, our edge-
based transfer learning model allows obtaining an average
accuracy equal to or greater than 91% (depending on the
room layout).

In our IoT infrastructure we also integrated the Canarin
II sensors stations [13]. Such stations allow to monitor dif-
ferent environmental conditions, including formaldehyde,
PM1.0, PM2.5 and PM10 values, temperature, relative
humidity, and air pressure.

In our testbed, we deployed our infrastructure in 20
premises of the Cesena Campus, including 4 laboratories
and 16 classrooms.

3.2 The web application

The Data Visualization web application we designed and
developed is based on a client-server architecture, as shown
in Fig. 1. The client-side was implemented with the Angular
framework1 and with the standard web-based languages,
like HTML5, CSS3, and TypeScript.2 Concerning the data
visualization elements, we used some Javascript libraries
like Google Charts,3 Chart.js,4 and D3.js5 to make the
charts interactive. Using these technologies, we were able
to develop a responsive web-based application, enjoyable
both from smartphones and tablets and larger screens (i.e.,
laptop).

1https://angular.io/
2https://www.typescriptlang.org/
3https://developers.google.com/chart
4https://www.chartjs.org/
5https://d3js.org/
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Fig. 2 A screenshot of the system presenting the Overview component

Regarding the server-side, we used Node.js6 and
the framework Express7. The server communicates with
different data sources, such as i) open data provided directly
by the University of Bologna, to gain information about the
courses and the class schedule inside the Cesena campus; ii)
a MySQL database containing information (such as name,
location, capacity) about classrooms and laboratories inside
the campus; and iii) a database with information about the
number of enrolled students for each teaching and courses
of study. Moreover, our server exploits some APIs to obtain
data about the actual presence of people inside a classroom
or laboratory (gained by the camera-based people counting
infrastructure) and the data about temperature, humidity, air
pressure and particulate matter from the Canarin II sensor
stations [13]. This architecture allows us to easily extend it,
including new data sources and sensors (through their API).

4 The web-based dashboard

The responsive web-based application has been designed as
a dashboard that can be accessed both from smartphones,
to have quick consultations, for example, to find empty
classrooms or laboratories at a specific time, and from
devices with larger screens to let the users perform more
complex analysis. The application aims to improve the

6https://nodejs.org/
7https://expressjs.com/

management of spaces and class schedules by means of five
main functions/components that allow the user to visualize
intuitive charts and perform analysis. Each page has a left-
side vertical menu (where it is possible to select the specific
component out of five) and a search input box on the top-
right side. In the following, all the implemented components
are presented in detail.

4.1 Overview

The homepage of our web application opens the overview
component (Fig. 2). This component displays a series
of cards (e.g., three cards in Fig. 2), each card shows
information about a classroom or lab, including details
such as the room capacity and the room occupancy (at the
specified timestamp). If a lesson is taking place, the card
also shows the name of the course, the professor’s name,
and the number of students enrolled. At the bottom of every
card, there is a pictorial chart that highlights the occupation
status of that room. The number of filled icons (out of
five) represents the number of students inside the room in
relation to its capacity. Adding more details, one filled icon
corresponds to a room actual occupancy lower than 1/4
(25%) of the room capacity, two filled icons correspond to
an occupancy lower than 2/4 (50%), and so on; the fifth
icon is used only to warn that the room actual occupancy
is equal or greater than the room capacity. Moreover,
we take advantage of colors (green, yellow, and red) to
convey messages and easily draw attention to anomalies.
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Accordingly, if the classroom or laboratory is too crowded
(i.e., actual occupancy equal or greater than the facility
capacity), all the five icons are filled in red, with an error
icon beside it. Instead, in a normal situation, i.e., the actual
occupancy is between 25% and 75%, the chart is green (with
two or three filled icons), and, finally, if the condition has to
be monitored by operators, i.e., lower than 25% (one filled
icon) or greater than 75% (four filled icons), the chart is
yellow with an alert icon beside it.

4.2 List of classrooms, laboratories, courses,
and teachings

The second component of our web application consists
of four different lists, including all the classrooms,
laboratories, courses, and degrees inside the Cesena
campus, each list visualized in a card. The first two cards
show the lists of the classrooms (in one card) and the
laboratories (in another one) of the campus. Selecting one
of them, the user can see the scheduled lessons through a
simple list view or a timetable. For all the lessons already
held in the selected classroom or laboratory, in the list view,
it is also present the pictorial chart described in the overview
component, while, in the timetable, the same information
is conveyed through the background color of the cell
representing the lesson duration over time. Moreover, we
wanted to provide the users with an analysis tool to monitor
the number of lessons, hours of teaching, and the percentage
of usage of a given room (class or lab) through an easily
understandable area chart. Lastly, we provide to the user the
location of the room, using the campus map in SVG format.
The third card in this component concerns the courses. For
each of them, it is possible to see the general information,
like the professor’s name and the degree program to which
it belongs. The scheduled lessons are available both in a text
list and area chart visualization. The two visualizations use
different visual techniques to display the same information:
the attendance trend, the number of enrolled students, and
the capacity of the classrooms or laboratories where the
lessons are held. The attendance rate is visible through the
pictorial graph, in the list view, and through the color of
the relative point in the area chart. To provide an additional
tool for analysis, a stacked bar graph and a pie chart
were included, presenting in green the percentage of spaces
booked and actually used, in grey the percentage of lessons
not yet held, and in red the percentage of spaces booked
and not correctly used. The fourth and last card of this
component regards the degree program, both bachelor’s and
master’s degrees, in the Cesena campus. For each degree
program, we choose to display a list view of all of the
courses, the relative professor, and a statistics page to
visualize the correct usage of booked spaces. Also in this

case, we used a stacked bar chart and a pie chart with the
same colors and the same meaning as the graphs described
in the paragraphs above.

4.3 Classrooms and laboratories usage comparison

The third component of the web application concerns
the comparison between two or more classrooms and
laboratories in terms of correct usage of space. As
mentioned before, for each room (classroom and lab),
we monitored the number of lessons and hours and the
percentage of occupation. These elements provide a way
to compare the effective usage of two or more different
spaces. For each of the parameters considered, we used two
different data visualization techniques (a line graph and a
pie chart) to convey the same information so that the users
can interact with the one that more reflects their demands.
In particular, the line chart displays the number of lessons,
hours, and the percentage of use in relation to the months of
the year. Instead, the pie chart displays the same information
but in relation to the total number of lessons, hours, and
percentage of use.

4.4 Courses comparison

The comparison between two or more teachings/courses
represents the fourth component of the application and it is
presented in Fig. 3. To compare the different teachings, we
used a stacked bar chart, and a sunburst graph to display the
differences in terms of percentage of correct spaces usage
and number of lessons. The stacked bar chart uses the border
color to identify the course it refers to (in Fig. 3, yellow
and blue), the green and red color of the bar to display the
correct or incorrect usage of spaces, and the gray color for
the lessons not yet held in relation to the months of the
year. Concerning the sunburst graph, the first ring is dived
according to the number of lessons for each teaching, while
the second one represents the percentage of correct and
incorrect spaces usage for each teaching.

4.5 Degree programs comparison

Finally, the last component of our web-based application
concerns the comparison of two or more degree programs.
Also, in this case, we use the number of lessons and
the percentage of correct and incorrect usage of spaces
as parameters to compare the degree programs. We
implemented a stacked bar chart and a sunburst graph to
visualize the number of lessons and the usage of booked
space . The meaning of the graphs and the use of border
and bar colors is the same as in the course comparison
component.
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Fig. 3 A screenshot of the system representing the Course comparison component

5 Case studies

To present the potentialities of our system in supporting
premises managements, we here present two case studies.
The first focuses on using the data visualization system
to verify the real-time occupancy considering the actual
COVID restrictions and regulations; the second is related
to a medium/long-term monitoring of the classrooms/labs
occupancy to increase the sustainability of the campus in
terms of optimization of the energy consumption.

5.1 Case study 1: real-time safety monitoring

The COVID-19 pandemic changed the way we experience
any space and place, put into effect social distancing
measures. Considering University campuses, not always
lessons can be taught in presence, but, if and when possible,
in-person classes have to be taught in accordance with
regulatory requirements and safety protocols. Different
strategies have been adopted to ensure compliance with
regulatory requirements and safety protocols. For example,
the University of Bologna, to manage the capacity of
each classroom/lab in the best possible way, developed a
service that allows students to schedule the classes they plan
to attend in two-week periods, specifying the attendance
mode. Unfortunately, this strategy not always works as
expected. For this reason, IoT can be exploited, along
with similar solutions, to guarantee safety during in-person
classes.

Exploiting our IoT infrastructure, and, in particular,
the camera-based people counting system, we are able to
monitor, in real-time, the number of students on a University
premise. Thanks to our Data Visualization dashboard, we
can obtain the actual classrooms/labs capacity (considering
the current regulation), and visualize the room occupancy

accordingly. This information is visible on the system home
page, in the overview component. In fact, the card allows
to immediately check the room occupancy in relation to
the room capacity to ensure social distance and safety. As
an example, going back to Fig. 2, used to presented the
overview components, it is possible to infer that: in lab
LIB (on the left), the actual occupancy is greater than the
actual capacity (red color and five filled icons), while in lab
3.5 (center) the actual occupancy is close to the maximum
(yellow color and four our of five filled icon), and, finally,
in lab 2.1 (on the right), the number of students in the room
doesn’t present any anomaly (green color and two out of five
filled icons). When the pictorial chart becomes red (i.e., the
room’s actual occupancy is greater than the room’s actual
capacity), a notification is sent to the people responsible for
the health and safety inside the campus.

Moreover, by integrating University official data sources,
the system can automatically update its data and visualize
the information accordingly. As an example, in Fig. 4
it is possible to see the impact of the decrease of the
allowed room capacity value due to COVID-19 regulations
regarding the social distance (the allowed room capacity
became 50, while was 100 by design).

5.2 Case study 2: medium/long term sustainability

As mentioned, defining a school/university timetabling
is a complex task to solve [41]. With our approach,
we are not interested in automatically solving such a
problem, but mostly to exploit data visualization and IoT
strategies to facilitate University staff in taking the best
decisions, considering also the campus sustainability. In
fact, it has been proved that an efficient timetable could
also reduce energy consumption and therefore increase the
sustainability of the campus [42].
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Fig. 4 An area char representing the classroom occupancy values monitored during the COVID-19 pandemic, for a specific course

Our visual application has been designed to facilitate
the discovery of not optimal classrooms/labs and course
assignment, on the basis of the real-time data collected by
our IoT infrastructure. In fact, as presented also in Fig. 4,
selecting one course, it is possible to analyze in detail the
actual occupancy of the room during the course weeks, in
relation to the room capacity. Moreover, by selecting one
specific value in the chart, it is possible to see a modal
presenting the timetable of the other courses and see the
classrooms (or labs) availability during that time slot (as

shown in Fig. 5). Considering, for example, that for the last
three weeks the number of students attending a course is
half than expected, it is possible to “release” the assigned
room and look for a smaller room that can host the students.
This action can have an immediate impact on energy saving
because a large space causes a higher level of heating and
cooling loads if compared with a smaller one.

Moreover, through the course comparison component
(that we previously presented exploiting Fig. 3), it is
possible to compare two courses, focusing on two values:

Fig. 5 Timetable to compare classrooms (or labs) availability and perform an exchange to improve sustainability
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the number of lessons that have achieved a satisfactory
occupancy value in relation to the room capacity, and
the number of lessons that prompted an anomaly. These
visualizations could help the administrative staff to change
the classroom for those lessons that have an attendance rate
much lower or greater than the capacity of the room, leading
to an improvement in space management on our campus.

6 Conclusion and future work

In this paper, we present an integrated approach that
combines IoT infrastructures (e.g., a camera-based people
counting service and sensors for environmental conditions
monitoring) and Data Visualization strategies to i) ensure
safety, and ii) improve the sustainability of a University
campus. As a testbed, we deployed our approach in the
Cesena (smart) campus, one of the campuses of the Uni-
versity of Bologna. It is worth noting that the system was
initially designed with the main goal of facilitating Univer-
sity staff to monitor premises occupancy and improve the
course timetabling accordingly, increasing the Campus sus-
tainability. Nonetheless, with the starting of the COVID-19
pandemic, it shows its potential to monitor safety aspects
introduced with the actual regulations and constraints. As
future work, we plan to integrate a machine learning module
in our web application that uses the data gathered during the
first year of deployment to suggest timetabling recommen-
dations to improve Campus sustainability and safety.
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