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Abstract—It is an etablished discussion in the specific literature
that the Antartic Ozone Hole has secundary impacts in low
longitudes regions beyond the South Pole. Once the thinning
of the ozone layer is a concerning result of this phenomenon,
efforts should be made to extend its study to other regions,
where the are not yet enough discussions of those effects. This
work presents, then, the design of a simple nanosatellite that
aims to monitoring the ozone layer in atmospheric, specifically
in the Southeast region of Brazil. The satellite proposed has an
autonomy of 6 hours and was design to reach altitudes up to
30 kilometers. The on-board data handling, sensors, telemetry,
electronic power system and structure systems CanSat proposed
were discussed. That way, the authors expected that this project
represents a contribution in such an important field.

Index Terms—CanSat; Oxygen Levels; Sensors;

I. INTRODUCTION

Due to the Brewer-Dobson circulation, the ozone level
in the terrestrial atmosphere is higher in the polar regions
when compared to other global regions [1]. In the Antarctic
region, the Antarctic Ozone Hole is a cyclical and seasonal
phenomenon that causes thinning in the ozone layer. However,
it was discovered that the so-called secondary effects of the
arctic ozone layer are responsible for lowering the Total Ozone
Column (TOC) values outside of polos, in low-longitude
regions [2].

In South America, the phenomenon has been widely studied
by Brazilian researchers over the last few years. The decrease
in TOC in the region has been reported multiple times,
resulting from analysis carried out with data from 1987 to
2007 [3], 2005 to 2014 [4], 2010 to 2011 [5] and 2016 [6].

Even though the increase of UV radiation on Earth is also
related to other atmospheric aspects other than ozone layer
holes, it is known that there is, in fact, such correlation. Once
the increase of UV radiation due to ozone layer thinning can
have dangerous impact on humans [7] [8] and other living
organisms’ health [9], monitoring it becomes important.

With the existence of commercially available components
capable of measuring the concentration of ozone in the atmo-

sphere, it becomes possible to build satellites on a small scale
for this mission. Mini-satellites have been gaining prominence
in recent years, either with the creation of academic compe-
titions [10] and academic teams at universities aimed at their
construction [11] or real missions in different areas of activity
[12] [13].

Among these types of satellites, CanSats can be cited. ”The
CanSat project was proposed by Prof. Twiggs (Stanford Uni-
versity) in 1988” [14], with an educational aim of designing
and building small satellites that have the same size as a soft
drink can (350 ml). Since then, CanSats have been popularized
and, in fact, used as an important educational tool [15] [16],
with satellites being effectively constructed and launched by
students to explore the space [17].

As mentioned before, once the secondary impact of the
ozone layer hole is traditionally discussed for polar and lower
longitude regions, but the harm caused by UV radiation is
a global concern, it is important to not only maintain the
investigation for such regions but extend it to other ones. More
autonomous satellites and less expensive options should be
considered for this task.

In this sense, this work aims to present a CanSat design
to monitor the atmospheric ozone layer. The CanSat was
idealized using out-of-shell electronics components, and it is
designed to be easily constructed and applicable to a wide
range of conditions.

The paper is divided as follows: in Section II, the mission
requirements are described. Section III shows the system ar-
chitecture in detail. In Section IV, partial results are discussed.
Finally, Section V presents the conclusions.

II. MISSION REQUIREMENTS

The mission requirements are a set of rules that the project
must follow to achieve the established objective. The require-
ments discussed in this topic are about on-board data handling,
telemetry, tracking and command, electronic power system,
attitude determination and control system.



This CanSat was planned to be launched on a stratospheric
platform of helium-filled balloons, and was named Embaúba
Sat to honor the Embaúba tree, native to Brazil, found in the
Atlantic Forest and very common in the Zona da Mata region
of Minas Gerais. This launching scenario requires some care
with the electronic systems and structures. The system’s design
was based on these requirements, which will be highlighted
throughout this work, according to the subsystem it concerns.

Structurally, there is the dimensional requirement that the
CanSat must have a 66 mm diameter and 100 mm height, with
a mass limited to 350 grams.

The CanSat was designed to be launched in a stratospheric
balloon that operates at up to 30 kilometers altitude under
extreme conditions of temperature and pressure variation. The
satellite should remain attached to the balloon throughout the
mission and should not be ejected either.

III. SYSTEM ARCHITECTURE

To meet the mission requirements, the system was structured
in a simple way, with a microcontroller performing the on-
board computer, a battery to power the circuit, and the sensors
to capture the data. The Fig. 1 shows the system block
diagram. Each part will be detailed in this section.

A. On-board data handling

The component chosen to manage tasks was the ESP-
32S, a product by Espressif. The motivation for choosing the
component was the team’s familiarity with the microcontroller,
which meets the requirements for processing power, number
of GPIOs, and WiFi communication.

ESP-32S is a powerful and versatile low-cost system-on-
chip (SoC) with a dual-core processor and a host of other
features [18]. Its dual-core Tensilica LX6 processor can oper-
ate at frequencies up to 240 MHz. This makes it capable of
running complex parallel applications while still consuming
very little power. Additionally, the ESP32S has 520 KB of
SRAM and 4 MB of flash memory, providing plenty of space
for code and data storage. The ESP-32S also presents many
peripheral interfaces. In this project, the I2C connection was
chosen to integrate the sensors with the main processing unit.

Moreover, the ESP-32S is compatible with a wide range
of development environments, including the Arduino IDE,
MicroPython, and the ESP-IDF. In this project, the PlatformIO
extension for VSCode was used, which is equivalent to the
Arduino IDE, for its versatility.

B. Sensors

The sensors can be divided into two groups, as shown in
block diagram. In the first group are the sensors for acquiring
data related to the on-board experiment. The second group
consists of sensors for attitude determination and the control
system of the CanSat.

The payload sensors are the BMP280, AHT10, MQ-131 and
MQ-135. These sensors acquire the environmental data that is
used in the study of the ozone layer. The attitude determination
and control system consists of a MPU6050 and a GPS module.
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Fig. 1: Embaúba SAT Block Diagram.

These sensors measure the satellite’s acceleration, orientation
in space, and geolocation. An explanation of the sensors used
in the project is detailed as follows:

• BMP 280 is designed to measure atmospheric pressure
with high precision and calculate temperature, altitude,
and relative humidity [19]. In this project, it will be used
to measure temperature and atmospheric pressure.

• AHT10 is a high-precision digital temperature and hu-
midity sensor [20]. The motivation for using a sensor
only to measure relative humidity is that the BMP 280
when used to measure humidity, pressure and temperature
loses speed and accuracy of measurements. Therefore, to
ensure the best system performance it was decided to use
the AHT 10 to measure relative humidity.

• MQ-135 and MQ-131 are sensors used to detect different
types of gases in ambient air. The MQ-135 used for
carbon dioxide detection and MQ-131 for ozone detection
[21] [22]. Both are dependent on ambient temperature and
humidity, so we must evaluate all these data during the
study of the experiment.

• MPU 6050 is an accelerometer and gyroscope, thus being
able to measure the speed and attitude of the component
and, consequently, of the system where it is being used
[23]. The variables are separated in three dimensions, so
the readout returns six outputs per measurement, of which
three refer to speed and three to orientation in space.

• GPS NEO-6M is a Global Position System sensor that
measures latitude, longitude, date, time and speed of
displacement the module [24]. The sensor communicates
with Global Satellite Navigation (GNSS).

C. Telemetry

Telemetry will be done by Wi-Fi communication from
the satellite to the weather balloon, which is responsible for
capturing and storing the data. First, the data will be damp
with JSON, each data packet having a size of 90 bytes.
After compression, the data will be transmitted over the WiFi
network of the ESP 32s, which is connected to the balloon.



D. Electronic Power System

The power system requires care with extreme conditions,
i.g. abrupt temperature variations and radiation exposure.
Lithium-polymer (LiPo) batteries with 850 mAh and 3.8V
were selected in order to provide an autonomy of about 6 hours
to the system. To monitor the system energy consuming, a
voltage and current meter will be used at the battery output. By
analyzing the voltage drop over time, it is possible to estimate
the battery life, which is important to validate the calculations
made in the project and to control the mission life.

The batteries will be wrapped with a Teflon blanket, which
is resistant to high and low temperatures. It has also high
chemical resistance and a low expansion coefficient in the
presence of heat and pressure. The Teflon blanket will, the, be
used as an insulator to ensure the functioning of the batteries.

Finally, to provide the correct power supply for each com-
ponent, two regulators will be used. The Buck regulator is used
to convert a higher input voltage to a lower output voltage. In
this project the Buck will convert from 3.8 V to 3.3 V. The
Boost regulator has the opposite function to the Buck, i.e., it
increases the input voltage to a higher output voltage. In this
design, the boost will convert from 3.8 V to 5 V.

E. Structure

The CanSat structure will be composed of two sub-
structures fabricated in Acrylonitrile butadiene styren (ABS).
The first one is a hollow cylinder with a 1.5 mm wall thickness
in which triangular-shaped holes were allocated to reduce
mass. The second one will be attached to the first one through
screws and it will be the base for the electronic systems.

To validate the designed structure, a Finite Element Anal-
ysis (FEA) was carried out using the cloud-based simulation
software SimScale. A critical case in which the CanSat is held
by its top part was considered. In this scenario, the lower part
of the satellite has to be able to endure the stress caused by the
electronics weight. For the boundary conditions, the top curved
face was defined as a fixed support, whereas on the inner face
of the structure a 10 N force was applied, considering a factor
of security. The contact between the two substructures was
defined as Bonded, which was the closest option to a screw
connection available on the software.

An initial simulation was carried out with a coarser mesh.
This simulation showed that the regions with higher values of
strain were located at the lowest part of the first substructure.
Once theses values were located at stress concentration spots,
the computer-aided design (CAD) was modified in order to
create a curved face in the border, as recommended by the
software documentation in such cases [26].

With the CAD modified, a new mesh was generated and
used to carry out the simulation. This mesh, refined in the
round face created, has 521879 tetrahedral elements and
852385 nodes. The strain contours are shown in the Figure
2a. The maximum strain obtained was 1.015 · 10 −3 m/m.
The values of strain on the range between 1.015 · 10 −4 m/m
and 1.015 · 10 −3 m/m are shown on Figure 2b.

(a) Values for the whole model.

(b) Values in the range between 1.015 · 10 −4 and
1.015 · 10 −3 m/m.

Fig. 2: Strain contours.

With this amount of strain, the ABS material should be-
have as an elastic linear material [27]. That means that the
structure would not have permanent deformations, and then it
is validated. A more refined mesh was generated and used in
a new simulation. With 606845 elements and 976965 nodes,
the strain value was 1.042 · 10 −3 m/m, only 3% above the
previous one, showing good mesh convergence and reliability
of the results presented.

For the valitaded structure, the fabrication process will
be material extrusion, an additive manufacturing process ”in
which material is selectively dispensed through a nozzle or
orifice” [25]. This can be simply achieved with a 3D printer,
which emphasizes the project goal of creating an easily
reproducible nanosatellite.



IV. RESULTS

The project is in progress, and the studies of the ozone layer
have not yet been carried out. The team conducts tests to vali-
date the schematics and Project Board Circuits. In these tests,
the communication of the sensors with the microcontroller,
system power consumption, and data acquisition rate analysis
are evaluated in order to save energy.

The satellite programming is done using Real-Time Operat-
ing Systems, with task definitions that are distributed between
the two processing cores of the ESP 32s. Since the project is
multitasking, the use of a Real-Time Operating System makes
the programming easier, since it is not necessary to perform
synchronization so that one task does not crash another.

Before the stratospheric launch, the project will undergo an
onboard launch on a 3 kilometer apogee rocket during the
Latin American Space Challenge, in São Paulo, Tatuı́ city. In
this launch, the functioning of the sensor system, telemetry,
and power system will be analyzed.

The budget for the development of this project is one
thousand and two hundred reais, including prototypes and tests
to validate the systems. The launch for testing on the rocket
is not included in the price as it will be done in collaboration
with the team’s rocket area.

V. CONCLUSION

The display of the components used in the Embaúba Sat
makes it clear that the project is low cost and does not require
very specific knowledge of electronics, which indicates that
this nanosatellite can easily be constructed and applied for the
important task it was designed to: atmospheric monitoring.
Also, for that same reason, this project is a good start for
university groups that are beginning to study satellite projects.
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coluna total de ozônio e sua relação com a radiação ultravioleta na
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