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Abstract. We are developing Santa Rosa municipality as a smart and sustain-
able region that stimulates innovation. A place that will take advantage of the
data–driven economy and data–centric applications with Equality, Diversity
and Inclusion (EDI) as a priority. To this end, have built a pilot smart city
lab for testing technologies in real-life conditions; we are currently exploring
decentralised technologies and technologies with low environmental cost. Also,
we are following competency frameworks for smart cities rather than deploying
technologies indiscriminately. 12 years of work have produced tangible results
and practical experience that we share in this paper.

1. Introduction
The city of Santa Rosa was founded in 1931; with a current population of 73,575 in-
habitants and a municipality that expands over 488.42 km2 is becoming an important
industrial and commercial hub in the south of Brazil. Its geographical location a few kilo-
metres of Argentina’s and Paraguay’s borders give the city and the region a potential that
the city council is determined to capitalise. Their overall objective is to develop Santa
Rosa as a smart city and to launch the region as the innovation hub of the South of Brazil
that will take advantage of the data-centric economy to boost the economy of the region
at least for the next 20 years. They aim at a socio–technical system, therefore, have taken
a multi–dimensional vision that combines technical, economic and social dimensions.
Therefore, sustainability and Equality, Diversity and Inclusion (EDI) are priorities – they
want Santa Rosa to be sustainable and EDI compliant by design. Further, they have an
integral view where the surrounding rural area is regarded as an extension of the city as
it contributes to its economy. They regard smart cities as complex systems, therefore, in
the development of Santa Rosa they are following a competency framework that includes
planning, testing and embedding. From a technological perspective, the first step taken
was to setup a project to build an innovation ecosystem and a hardware infrastructure
based on technologies with open protocols for sensing the urban and rural areas of the
municipality. Software systems are now being developed on this ecosystem to provide
citizens with digital services that take as input the sensing data as well as making this data
openly available to academy, companies and to the general public. Here in after we will
use “we” to refer to the authors of this document.



2. Collaborations, projects and objectives
To progress towards the fulfilment of their overall objective, in 2021 the city council
signed up a formal collaboration with the Applied Computing Research Group1 (GCA) of
Unijuı́ University to submit a joint project proposal to a call of the Secretary of Innovation,
Science and Technology of the state of Rio Grande do Sul. Fortunately, we succeeded and
the project was awarded 1.3 million Reais for the creation of the SmartLive Lab within
Unijuı́’s premises. The lab is equipped with hardware, software for testing smart city
technologies and facilities (e.g, meeting rooms) for collaborating with other institutions;
for example, they have been collaborating with the University of Cambridge since 2019.
We have been granted three complementary projects that cover three topics included in
our multidimensional approach, use the SmartLive Lab and target specific objectives: i)
Economic sustainability is covered by a 36 month project that investigates open source
decentralised technologies for integrating digital services. ii) Environmental sustain-
ability is covered by a 36 month project that is manufacturing and testing biodegradable
sensors in the SmartLive Lab. iii) Connected places is covered by 24 month project that
is deploying a hardware–software infrastructure in the rural farming area to integrate it
with the smart and sustainable infrastructure of the city.

3. Development under a competency framework
We are collaborating with members of the Digital Cities for Change (DC2) 2 team in val-
idating their DC2–FC (Digital Cities for change) competency framework for developing
smart cities. In Santa Rosa, we are following the DC2–FC rather than deploying technolo-
gies indiscriminately. As required by DC2–FC, we test technologies in our SmartLive Lab
and generated knowledge before full scale deployment.

The DC2–FC framework. DC2–FC was designed at the University of Cam-
bridge [Bastidas et al. 2023] to help smart city planners to identify tasks, roles and com-
petencies needed to deliver projects successfully. The creation of public value through
responsible use of technology is central to DC2–FC and in line with our views over smart
cities. Three members of Santa Rosa’s development team have been interviewed to asses
compliance with DC2–FC and help us identified gaps.

The SmartLive Lab. We use this lab as a pilot for testing technologies in real–life con-
ditions (actual deployment in the city at small scale) before full scale deployment (called
embedding in DC2–FC). The lab is a knowledge generator too: it is an experimental lab
for undergrad, MsC and PhD students including some international ones.

4. Technologies
Currently, the SmartLive Lab has 26 LoRa outdoor 8 dBi Omni 915/923 MHz anten-
nas; 260 sensors compatible with LoRa including 40 temperature and humidity sensors
(RAK1901 WisBlock), 40 ultrasonic ambient light sensors (RAK 12010), 40 noise sen-
sors (RAK 18000), 10 water level sensors (RAK12014), 20 ultrasonic MQ3 gas (RAK
12004), 40 sensors for assessing the water pH, and several modules for prototyping and
3D printing. We have a DELL computer with 256GB, 2TB and Linux that hosts the open
source ChirpStack Network Server.

The lab is a generator of technologies needed to meet our overall objective. One
of our priorities is to retain control of Santa Rosa’s data (our main asset) to be able

1www.gca.unijui.edu.br
2https://www-smartinfrastructure.eng.cam.ac.uk/projects-and-case-studies/dc2-digital-cities-change



to share it. Therefore, we welcome experimental open source decentralised technolo-
gies [Crowcroft et al. 2024] that enable data–sharing to stimulate innovation, fair compe-
tition (e.g. among SMEs) and redistribution of data and value [Blancato 2024]. We have
reservations about purchasing technologies from the big cloud monopolies because they
make money from abusing their business power, rather than from innovation. In response,
we are currently assessing the maturity of emerging decentralised technologies that fol-
low the P2P interaction model rather than the traditional client–server model prevalent in
the current cloud; for example, we are comparing BlueSky vs X, Matrix vs Whatsapp,
and other messaging services. Further, we believe in open governance and that the city
council should act as a regulator, not as a controller; therefore, we are building technolo-
gies that are secure, protect privacy and individual freedom; precisely, we are developing
applications on top of decentralised ID systems like Trustchain3 and Privacy Enhancing
Technologies (PETs) like AWS Nitro and compartments created on Morello Boards4.

5. Results
We have deployed 12 LoRa antennas that cover both the rural and urban areas: 9 in the
urban space and 3 in rural area. They receive measurements collected by sensors. In-
cidentally, we have installed two LoRa–based meteorological stations in town to collect
metrics about air quality, wind, luminosity, temperature, humidity, noise and UV radia-
tion. We have also deployed a LoRa antenna in the rural area and associated sensors that
collect soil (temperature, humidity and luminosity) and air (temperature and humidity)
properties. Each antenna potentially covers a 10km radius. As of the writing of this pa-
per, we have other 10 LoRa–based meteorological stations and 14 LoRa antennas being
deployed to achieve 100% coverage of the city. We have been collecting sensor data since
Aug 2023 and stored 410275 entries as historical series. We regard the records as open
data and share them with academy, companies, and soya–bean producers. The former use
them in research and innovation projects tackling real-world problems in the city, such
as in traffic and health. The latter used them for understanding the relationship between
rainfall and current soil humidity and temperature. We have also built plots that we share
with the general public on dashboards 5.

In the SmartLive Lab, we rely on software engineering techniques. For exam-
ple, we use Search-Based Software Engineering (SBSE) to solve optimisation problems
like antenna deployment. We also need software engineering techniques (e.g. run–time
control–loop and reflection) for building self–adaptive applications; the need emerges
from our interest in decentralised applications that are underpinned by peer–to–peer net-
works that are inherently self–organised, self–adaptable and, in general, self*.

6. Social and economic impact
Our LoRaWan network and servers are open and available to local companies. Some of
them have deployed sensors in their warehouses that send data to our server through our
antennas. Similarly, in rural areas, fish farmers are also using our antennas; they have
deployed sensors to monitor fish tanks. We have also developed a system that notifies
farmers about the likelihood of the Asian Rust affecting soya–bean–growing areas. Being
the regional hub, we are happy to share our facilities with neighbour cities. EDI comes
naturally to us; our regions is home to more than 20 ethnics that came from different

3https://github.com/alan-turing-institute/trustchain
4https://www.arm.com/architecture/cpu/morello
5https://livelab.unijui.edu.br/



regions of the world. We treasure and retain their traditions. EDI is already visible in
our research team that is composed of people from different ages, genders, races and
nationalities. We have seven females and eight males, PhD students; some of them are
from ethnic minorities, others from neglected regions of Brazil. We admit that in Santa
Rosa there are still some inequalities that we are already solving. We can mention that the
health service is deploying home and body sensors for remote monitoring of the elderly.

7. Pending tasks
At the head of our to–do list is to build a web page to bring the SmartLive Lab online with
information about its facilities and opportunities for the general public. Likewise, we will
endow our data repository with APIs available to the general public to retrieve (e.g. sensor
data) and upload data (e.g. historical photos). We also need to release under open source
licences, several pieces of code that we have implemented, including Python scrips for
record management and several independent data dashboards for web applications. We
are also working on a decentralised digital identity system to grant the general public,
access to our repository and pieces of code.

On the technical side, we have plans to deploy 10 additional meteorological sta-
tions by 2025 to collect real–time weather data at a granularity that enables to build a map
of the region’s microclimates. A pressing pending problem is the implementation of legal
and technical mechanisms for sharing data that is currently siloed is several repositories.
The list includes two data silos owned by Santa Rosa’s medical service. Data sharing
will motivate the use and development of data–centric applications such a AI. To cite an
specific example, it has come to the city council’s attention that, in comparison with other
regions of Brazil, Santa Rosa has a high incidence of cancer. The medical sector and
researchers from Unijuı́ University are keen to be granted access to the medical and other
repositories to correlate data to investigate the cause which might be associated to genetic,
eating habits or other factors. We also have plans to make all the sensor data available to
the general public.
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