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Introduction:

Flower Power CanSat Project is an associative project of ESO-ESTACA students.
There are 4 students currently taking parts inside the project, all of us working on
some different units of the Cansat (like software, electronic component,
mechanical component...). This CanSat project is the only one this year in the
association and it has new purposes in front of the previous years ESO’s CanSat.
The CanSat is composed of two parts: the probe/experiment (Seed) and the
container (ERA), each of them has been made with 3D printing material and this
is one of the goals of the project. In fact, the two aims of the project are to test a
mechanical fuse printing in 3D and to determine static pressure and temperature
of the environment.

1. CanSat Team

The team is composed of 4 students of the ESTACA. Two are in their penultimate
years and the two others are in years 2 out of 5 years. All the members have skills
in software like CATIA V5 and Abaqus, in mechanical design and conception and
in electronic. The team’s project has used 3D printers, computers, electronical and
mechanical materials (like soldering iron, drill press...) to do the CanSat.

II.  CanSat missions

The mandatory mission of the CanSat is to test a mechanical fuse. The mechanical
fuse is printing in 3D with PLA and must keep the experiment close until the
impact of the probe with the ground. At the impact the fuse will break and the
probe will be able to deploy itself in a good way. To size the fuse, tests on Abaqus
and designs on CATIA V5 have been conduct. Moreover, several concepts have
been printing and test in order to choose the best for the experiment.

The secondary goal of the project is to evaluate the temperature and the static
pressure inside the probe during the flight phase and after the impact. That’s why
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there is a telemetry module and some sensors inside the probe. The sensors will
evaluate the temperature and the pressure and will transmit it to the telemetry
module, that will broadcast it to a computer.

The schema below shows how the flight and the experiment will unfold.
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III. CanSat design

The CanSat is in two parts: the probe (Seed) and the
container (ERA). The whole CanSat has a weight of
250g and is a hollow cylinder with a trap on its front
side. Also, there is a parachute attach to the CanSat
container in order to have a safe product.
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Mechanical part

Inside the cylinder, that is also the container, there is the probe. The probe has a
structure in FLEX, a kind of plastic that can be used for 3D printing. Inside the
probe there is the telemetry and the sensors for temperature and pressure.
Furthermore, the probe is close with the mechanical fuse, which is at the top of
the probe.

Electronic part:

The telemetry used two 2pcs Wemos Lora 433 Mhz modules and has a range of
lkm. It built with two like-Arduino cards (one in the probe and one on the
ground). The cards in the probe is power by a 28S battery. The container also has
an electronic part, that allow for the opening of the cylinder’s door when the
container is at 1 Im meter before the ground. This electronic is composed of a 2S
battery, an Arduino Uno and a servomotor.

IV. Discussion and conclusion

All the members of the project are proud of the job that has been done. The CanSat
is ready for its flight and the tests are conclusive. We don’t think it can be
improved because we had solved all the issues that we encounter during the
conception.

The missions will be a success if the flight is going well and if the two experiments
are passed. The telemetric data will be record on a computer and the fuse will be
analyzed after the end of the two experiments.
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Summary- The significant influence that climatic factors on the development of pests and plant
diseases of great concern in the community of agricultural producers worldwide, being necessary to
control the impact on crops, knowing that microclimates is developing the cultivation process, for
which we have accurate measurements of parameters such as temperature, air pressure, relative
humidity, incident radiation and also toxic gases in the atmosphere near crops.

This project implements the Cansat Allpa Llamk'ay prototype with the aim of collecting data by
UV radiation sensors, solar radiation, pressure, relative humidity and other; for later sent to a
receiving station using telemetry modules. With the information received the study of environmental
parameters (fluid temperature, relative humidity, radiation, etc.) that influence the formation of
factors that may be risk certain crops, for which the allowable ranges will be established and will be
performed risk ranges must be detected by the weather station.

The receiving station, using a mathematical modeling of the data, displays a graphical interface
which will provide diagnoses any problems that arise.

In Incidence of climatological factors in the evolution of pests and plant diseases [1] the importance
of warning stations shown in this case Cansat [2] type, which advise farmers control measures ideal
against crop pests. Economic and ecological value of the same is evident as the proper use of the
stations farmers decrease losses in crops and more treatments will not give the necessary thus saving
money is achieved while avoiding environmental pollution due to unnecessary treatments.

The Cansat Allpa Llamk'ay participant C'space 2019, will be released approximately 200 meters
high, falling with controlled rate of 4 m / s thanks to the parachute which is equipped to meet at 1
meter height above the floor, the Cansat, detach the upper capsule including the parachute and crew
as established competition from that point the prototype ends up landing in free fall, to finally stabilize
ground vertically deploying the system 8 fins designed for this order and to provide power by
photovoltaic solar modules installed on each wing; Once the Cansat Allpa Llamk'ay is on the ground
will proceed to culminate other established missions.

Keywords- Cansat, Agriculture, Micro weathers, Sensors, Telemetry.
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1. INTRODUCTION

The prototype Cansat Allpa Llamk'ay is developed by
the Aerospace Team Peru, part of Smart Machines
Laboratory CTIC UNI - Lima Peru, with reference to the
standards set by the organization C'space 2019, therefore
it meets every one of the goals set by competition and
similarly focuses on an application in the Peruvian
reality to support the development of small-scale
agriculture.

For this edition the team has considered making
various improvements in the quality of development of
the missions of the contest.

As for sensors, we use three commercial sensors:
MQ-7, BME / BMP ML 280 and 8511; in the case of
direct sunlight we develop a solar cell calibrated using
two flexible solar modules.

The design of the structure was made following
cansat guidelines aircraft design and fabricated using 3D
printers, carbon fiber laminate and conventional
mechanical manufacturing.

Furthermore the data transmission between the
prototype and the receiving station was implemented
with telemetry modules Lora SX1276 (SEMTECH), one
in the transmitter and another at the receiver; Likewise a
graphical interface to display the data reading was
performed on a computer.

And finally power is supplied to the circuits by a Li-
Po battery 1000 mAh 8.4 V and which in turn is backed
by a charging system for a solar cell array 6 3V and 25
mA each.

II. DESCRIPTION OF MISSIONS

A. During the fall and landing

The cansat Allpa Llamk'ay, will be roughly 200
meters, falling controlled by parachute 4 m / s speed; to
meet at 1 meter height above the floor, the Cansat, it will
release the upper capsule including the parachute and
crew; This action will be controlled with a servomotor
and a deployment mechanism. Once on the ground, 8
fins will emerge, which ensure that the CanSat is in the
correct position for the following missions, said fins
which are equipped with flexible solar cells which
provide it with energy to prototype and in turn use them
as sensors.

During the fall of pressure measurements made at
different heights and are sent to the information
receiving unit.

B. After landing

After landing the CanSat will have three main

missions:

- Measurement of direct solar radiation using the
photoelectric effect occurring in the solar cells
located in the fins; for this mission circuit and
calibrated using a cell current generated in the
cells that provides a mathematical analysis we
radiation in w / m2 PERFORM.

Ambient  temperature = measurement, for
measuring the BME module 280 was installed,
the information that gives us the module is in ° C
and is performed using the 12C protocol.
Measuring relative humidity, BME 280 module,
which by programming codes the values obtained
in a range of 0 to 100% is also used.

IIL.DETAIL DESIGN AND CONSTRUCTION

CanSat development is divided into 4 areas of work
to get better results:

- Electronics and sensors.

- Telemetry and communications.

- Use of Energy.

- Mechanical and Manufacturing.

. Electronics and Sensors

The prototype cansat Allpa Llamk'ay has a system
composed of the following sensors:
- MQ - 7: Sensor Carbon Monoxide Gas.
- BME / BMP 280: atmospheric pressure sensor,
Relative humidity, temperature and altitude.
ML 8511: Sensor UV Light.
Solar cell calibration.

For proper operation and data transmission, sensors are
connected to the microcontroller ATmega280 to manage
and transmit the information census.

BME280 / BMP280: 12C protocol by this sensor will
measure the absolute pressure, ambient temperature and
relative humidity.

The height is an additional parameter to be determined
by code and serve to angularly displace the axis of a
servomotor actuate the separation of the upper cansat
(capsule) of the lower body during its fall.

NOTE: The code for obtaining pressure at different
heights, the temperature and the relative humidity is in
Annex 1.
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MQ-7: It will measure the concentration of carbon
monoxide in the atmosphere.

This information is vital because the carbon monoxide
produced enormous effects on human health. According
to research, the human body undergoes severe reactions
in the presence of this gas when the levels are above the
30 to 50 ppm (parts per million).

Table concentration levels of CO in air and its effects.

Based on this, the MQ-7 sensor used in our circuitry is
accompanied by an RGB LED.

Depending on the color of luminescence handles this
warning if the CO concentration is low and safe for
human life.

NOTE: The code for obtaining the CO concentration in
ppm is in Annex 1.

ML 8511: It will measure the UV index and like the MQ-
7 work together with one RGB LED as a warning if the
area is safe or hazardous to the user.

The World Health Organization together with the World
Meteorological Organization, the United Nations
Environment Program and the International Commission
for Protection against Non-lonizing Radiation released a
standard measurement system UV index, which is shown
below .

Color Riesgo Indice UV

B vede | Bajo <2

Amarilo | Moderado

Haranja | Alto

l Ropo

B Merada

Muy Alto

Extremadamente alta | > 11

UV index and human health risk.

CELDA Calibrated The solar cell calibrated will
determine the solar radiation in W / m2 incident daily in
the place where the Cansat make his landing, this has
been one of the bonus missions that our team has
implemented since it is very important to know the
resource that they have certain territories in the aspect of
power generation and for this it is necessary to know the
solar radiation. For this we use a circuit where two
flexible solar cells 3 V and 25 mA in parallel and these
in see are connected to a calibrated resistance Shunt was
implemented.

flexible solar cell used

Through resistance shunt we can measure the incident
radiation in the cells since this is proportional to the short
circuit current at the time of measurement, this in turn is
proportional to the potential difference in the Shunt, thus
measuring the difference potential in the Shunt we can
establish the radiation incident on the solar cell,
according to the following equation:

Inea
Giea = _lme Gsre + a(Tcmea + Tcsrc)
ste

Where we have radiation incident upon the surface of the
solar modules depends Imed, I STC and G_STC; the
second member of the equation helps correct
measurement of radiation temperature effects, which is
not within the scope of this mission.

We solve the above equation and replace values and
obtain:
1000 * Vgpyne

med =
Vshunt STC

Vshunt: Voltage measured directly on the shunt resistor
at the time of testing.

Vshunt STC: Stress that represent the shunt resistor
under normal conditions, in mV.

By an analog Pin in ATmega 280 data Vshunt is taken,
the data is sent to the receiver module by sending
protocol data will detail in the following chapters, once
the computer by programming codes spectrum is
obtained radiation and the data expressed in numbers.

o)
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B. Tel y and Ce ications

Send census data and correct reception is a vital pillar
in the operation of Cansat Allpa LlamK'ay since then
these data will be processed for their respective
objectives, therefore the information received must be
the same as that which was sent to achieve this a
telemetry system detailed below is implemented.

Lora is a technology whose spread spectrum
modulation allow us to have greater range compared to
other (S5km open field), is also made for a low power
consumption, has a high noise immunity and a transfer
rate of 256 Bytes, these are enough features for data to
be sent are correctly received

Implementation:

For the development of this area use the telemetry
module Lora SX1276 (SEMTECH) this was done for two
basic implementations module - Arduino Nano, in which
one of them will be located in the Cansat issuer and the
other the receiver.

Arduino connections between the module and the
telemetry module are as follows:

Diagram Lora connections between the module and the
Arduino Nano

Telemetry details:

These are the parameters used in most tests

Tests:

In the test range is important to know the RSSI signal,

this parameter indicates the intensity of the signal which

is received.

The following chart shows how the RSSI varies with the

distance between modules obtained in the first test range.
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RSSI variation graph according separation modules

In the results you can see that the RSSI values are greater
than -139dBm for values less than that, according to the
manufacturer, the data cannot be received.

Observation

information coding loses its helical antenna when the
transmitter was in contact with the fingers of it
manipulated

C. Use of Energy:

Our prototype Cansat has a Li-Po battery 2 cells at
4.2 V each connected in series, and with a total storage
of 1,000 mAh.

According to the characteristics of electronic design
Cansat this battery ensures 20 min of autonomy with all
sensors and actuators working, estimated sufficient to
perform all the missions.

Likewise, the prototype has 6 flexible solar cell 3V
and 25mA c / u, arranged fins cansat, these cells will

PARAMETERS VALUE

supply electricity to the batteries through the
photoelectric effect; the battery charge was performed

433.0 MHz
(ISM band)

2.3 dBm

125 KHz

4/5

128chips / symbol

Frequency

Potency of transmission
Bandwidth

Coding rate

Spreading factor

properly implementing a circuit including a BMS
(Battery Management System) to balance loaded in the
cells of the battery and to protect it against overload or
excessive discharge.
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D. Mechanical & Manuf ing

The mechanical design of prototype cansat 2019 is
divided into 3 main parts: structure, panel system and
parachute; design all the systems was performed taking
into account parameters significant as the total weight of
the prototype, the type of conditions in which perform
their functions, the average temperature, the rate at
which the prototype descend from its fall and the
maximum efforts that will be subjected, so that an
assembly time meets all specifications the system
requires.

Cansat Allpa Llamk'ay - C Space 2019

Working algorithm:

- oisefo
{

ANALISIS

l

PROTOTIFO

!

Structure: a model which has three distinguishable
and easily assembled (base, body and head) is worked
parts. HIPS (high impact polystyrene) material he is
chosen and manufactured using 3D printing and
supports panels used laminated with carbon fiber.

main parts of the prototype Cansat Allpa Llamk'ay

Fuselage: In airframe design NACA 0025 profile
(symmetrical profile) was considered for the Kammtail,
which allow a laminar flow at the outlet of longitudinal
wind.

The model has four fins on the top which will help
stability to side winds and contribute to the proper
location of the center of pressure.

analysis with longitudinal flow of 8 m /s transverse
2m /s were performed to simulate winds which will be
subjected cansat in its fall.

System Deployment: The base contains the set of
torsion springs which condition the opening mechanism
8 fins for deployment of the panels and ensure that the
cansat remain upright for performing missions.

Scheme moments about the fulcrum
Detachment system: Mechanism driven by a servo

motor to dislodge the top (astronaut capsule establishing
missions C'space) of the bottom (spacecraft).

Operating system release
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Parachute:

Disk Analysis Parachute Band Gap

IV. DISCUSSION AND RESULTS

During the first tests of operation of the prototype
were problems with electronic boards, many of these
relating to the voltage required for operation of the
different components just as the MQ-7 and ML8511
sensors did not collect the respective data for which had
been implemented, this because of a coding error in
programming, in the case of transmission of data during
the first tests detected the presence of noise in the signals
sent; however, after following a protocol testing and
troubleshooting of each area, conducting further tests we
determined that failures had been resolved.

Completed the testing process data transmission was
correctly all sensors; we are currently working on
improving the graphical interface of data presentation, in
order to present them in an appropriate and
understandable way, but with the advances described the
project we can conclude that meets the main objectives
and the prototype Cansat Allpa Llamk 'ay is operating
according to established design and is ready to be tested
under the conditions of C'space 2019.

©
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Figure 11; Dimensions of Lofts
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Figure 17: Flowchart of the autonomous. novigation
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Figure 21; Color in the HI3W spoctrum
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Figure 24: First lmage as Reference
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ECAM

Faes

i)

Copernicus CanSat: the atmospheric
probe

Pennanech, Santos, Scheffelmeier, Thalgott, Vaucamps, Velin Cassim, Wolfarth

Abstract: The Copernicus CanSat is a project of seven students at ECAM whose purpose is to scan the
atmosphere and take pictures of its surroundings. It will be presented during the annual French
CanSat competition, a contest that allows dozens of students from all over the country to present
their project.

I) Introduction
2) Team organisation

The CanSat project consists in realizing a

satellite in a small volume, similar to that of a After having surveyed the skills of every team
soda can, but without the constraints of space. member, we divided the team in two sub
The Copernic CanSat is an atmospheric probe, teams: mechanical team and electronics and
whose purpose is, in line with the European programming team.

satellite Copernicus that shares its name, to

scan and observe the earth and its weather. It —

Team
PENNANECH management,
sensors. Aurélien mechanical
design, CAD
ID  CanSat team Assistant
Team manager
SANTOS Vignon | management, | Communications
Gisele programming, | Electronics and
electronics programming sub
team
SCHEFFELMEIER | Mechanical Mechanics sub
We are a group of seven third year students at Nicolas design, CAD e
ECAM  Strasbourg-Europe. We all are Electronical Electronics and
passionate about space and therefore, chose as THALGOTT Line | wiring and programming sub
our “free project” (the main project of third soldering team
years at ECAM) the CanSat project. Our long- VAUCAMPS CAD Mechanics sub
term goal would be to path the way for future om) - tean

. . N Programming,
ECAM students who will wish to realise space VELIN CASSIM general
related projects (CanSat, rocket, balloon...). Clarisse knowledge on

Raspberry PI

features both a camera and atmospheric Team manager
Mechanics sub

team

1) Presentation

Electronics and
programming sub
team

Electronics and
programming sub
team

Table 1: Team organisation

Programming,

WOLFARTH Léa .
electronics

The following step was to make a general
planning of the project, which we kept up to
date as we progressed. We also had regular

figure 1:Team Copernic meetings with our referent teacher to check
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with our progress and discuss the issues we
were facing.

Figure 2: Project's general planning

III) CanSat missions

1) Mandatory mission

The mandatory mission of the CanSat
competition consists in a mechanical
deployment. We decided that we would open
a door, on which a camera will be attached, to
film and take pictures of the surrounding area
during the descent of the CanSat.

2) Secondary mission

As we wanted to realise an atmospheric probe,
the secondary mission we chose is the
recording of data such as the temperature, the
atmospheric pressure and the humidity.

v) CanSat design

1) Electronic structure

Our CanSat is controlled by a raspberry Pl
model A+. A raspberry sense HAT collects the
atmospheric data that will be stored on a
microSD card in a CSV file while a servo driver

will control a servo motor in order to open th
CanSat’s door.

A _ ¢

Figure 3: Raspberry cards with the camera

Figure 4: The servo motor and its driver and
batteries

A switch will be placed between the CanSat’s
structure and the parachute, when the latter is
deployed, it will trigger both the opening of the
door and the recording of the data.

Figure 5: CanSat's switch

2) Mechanical structure

Our CanSat is composed of two main elements:
an external cylindrical structure and an internal
structure. The external structure possesses a
door for the deployment as well as a lid. The
internal structure is made of three threaded
rods and three discs separating the different
levels.

The CanSat was designed using CAD software
SolidWorks. It was then 3D printed, with the
exception of the aluminium threaded rods.
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Figure 10: CanSat's main structure

Figure 7: CanSat's lid's dimensions

Figure 11: Internal structure

Figure 8: CanSat's door's dimensions

©
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V)Discussion and

conclusion
The CanSat project is the first technical project
that we have had the occasion to work on. It is
a great opportunity for us to familiarize with
project management, but also with embedded
electronics and mechanical design. Due to our

lack of experience in the matter among othé
things, we encountered many difficulties
during the project such as lack of time,
organizational missteps or difficulty to obtain
the necessary components. However, we were
able to overcome most of these obstacles and
pursue the project, we are now finalising our
CanSat.
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Cansat scientific article — Template and Method

Satlxm, discover the environnement before a landing

BERTRAND Maxime DARCOT Paul LIMAT Mathis

I) Introduction

Our project is to develop a satellite module which . _
can achieve a mission to pick up some data that we 2T
can use after. Moreover, this project contributes for
our Personnal Project during this year which )
represents 25 % of our Engineering Sciences mark el
for the baccalauréat.

Our module must land, be stable, and take
data about the environnement around the satellite to
make a representation and to know the positions of
obstacles. The components are not expensive and our module is very little so it could
be use for instance to prepare a landing of a robots on a planet.

Our Cansat can answer to the question : « Is this place favorable for a
landing ? ». To answer, we will use our module to make a representation of the
surroundings of the module.

IT) Cansat Team

Our club, Spatialxm, was founded last year. It’s the first project of our club
with Planétes Sciences but there one in our high school which developp some
projects in relation whith the space and aérospatial. Currently, there are 4 members in
our team for the Personnal project in Engineering Sciences : BERTRAND Maxime,
DARCOT Paul and LIMAT Mathis. Our teacher, M. Laloy helps us in this project. In
the future, this club could have some other members if some others students of
Xavier Marmier, our school, participate to an other contest of Planétes Sciences.

Maxime knew how use Solidworks and he had the possibilities to use some
equipments at home so he takes care of mecanics, Mathis prefered the programmation
and Paul take care of everything in relation whith electronical components.

III) Cansat Missions

1.1 Mandatory Mission : The landing

-
The first mission of our module is the landing and the | jrr—

deployment of the components to prepare the second mission. = H

For this mission, we have chosen some many components as a

parachute and foam at the extremity to cushion the fall. We use

o
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an accelerometrer to know when the satellite will be stabilized ( the programm
deduce the inclinaison of our module) . The programm launch the deployement for
0<10° to prevent the inclinaison of ground and the possible mistakes of the sensor.
The calibration shows a mistake of approximately 4° maximum.

Calibration:

e | MG ol |
Mesured angle

Y 0 & 205" /B B8
i *)

When the angle is enough low, we deactivate an electro magnet which kept the walls
closed. One hings on each walls deploys it. To conclude, a servomotor rotates 90° to
deploy the ultrasonic sensor.

II1.2 Secondary Mission

The Secondary mission of our Cansat will be to collect data about the position
of the differents obstacles using a ultrasonic sensor. This sensor deliver a ultrasonic
impulsion and calculate the length between the sensor and the first obstacle with the
time between the impulsion and the reception and the sound speed. We have chosen a
HC-SR04 sensor, very
less expensive, an easy Calibration:
programmation anda [} ance | gem [wem oo 35 e oo (o oo fam

.. . i e om (M |(fm  om (om | om |oEn
good precision for this T —— , " — —
price. Astancelin cm) i t,; g: c%; t}':'l am ?: g on
To recolte data around the module, we use an other servomotor where is fixed the
ultrasonic sensor. This servomotor turns 10° each time that the sensor collecte data
about a position and it does this action 36 times. So we can have the position of
everythink around the landing place ( the length maximal that the sensor can found is
4 meters). After each data collect, a Radio module send the data to a receptor in link
with an other arduino ( we use also an arduino card in our Cansat) which write this
data on the serial-port. With the Geogebra software, we can make a representation of
the environnement of our module. You can found our best test of representation

©
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IV) Cansat design

Our Cansat has a weight of 600 g, a height of 21
cm with the foam and a diameter of 7,8 cm.

To build the structure, we have using the 3D printer of
our Engineering Sciences classroom.

For the programmation, we use Arduino because our

teacher use often this software so he was able to help us. So we use one Arduino card
on our module to control the components and one other to receive the data (with the
receiver) shared by the transmitter. Datas are transmited with a radio module 433
MHz and we use four batteries of 1,5V for our alimentation.

This logigramme represents the most important
lines of our programm (I send it also in
attachments).

V) Discussion and conclusion

In conclusion, we can say that our results are what we expected. The precision
is not very high but it’s our fisrt project so we have make this module with our
abilities and we have chosen a mission that we were able to achieve.

To improve our module we can use some other components whith more
precision. Moreover, we can add a system to move our Cansat according to the data
collected to discover bigger place around the landing place but it seemed too hard for
us.

‘We hope that there will have no issues for the launch. The most important
probleme that there could have is that a electric wire disconnected but we will try to
reduce this risk but without, our module should work.

We just want to thank our high school for the purchase of our components and our
teachers for their help during our project.

©
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Sorbonne Sky Explorer:
CanSat scientific article — Template and Method

Marion Pillas

Come Delfino

Axel Riu

Macine Haddouche Djebril
Florian Cavernes

Taki Soualhi

We decided to build a satellite whose size is as large as that of a can
(0,33cl) The satellite launch is planned for 2019, so we are actively getting
to work. Its mandatory mission is deployment. During the descent, the
satellite would unfold to wings as well as a mini parachute.

We also choose a second mission: atmospheric data collection such as
temperature, pressure or radiation.

If we get enough money and time, we would like to add to the device a
camera for an observation mission. Our choice will be on the telemetry"
kiwi" because of its simple implementation. Moreover, we will provide
with an esthetic touch, creating a personal and original design.

The challenge will be both to optimize the inner space thanks to a very
compact device containing a maximum of electronic sensors, and to
minimize the budget. That is the one of the main competition criteria.

All the questions we asked each other among the team resolve around those
tWO purposes.

The team is member of Top Aero, a recent Association created in 2018 by
Alexandre Pecheux, the current president who is studying in master 2,
Aerodynamics and Aeroacoustics, at Sorbonne

University.

The main purpose of this Association consists of supporting student
initiatives relating to aerospace sector at Sorbonne University.

Students can participate to different projects and competitions such as
CanSat and Fusex to stir up their scientific curiosity.

The organization is based on a presidential office and about 30 members
who each participate to a specific project or contest.

The club managing CanSat and Fusex competitions is called "Sorbonne
Space Programm" whose managers are Luc Bruchet and Alesia
Herasinenka.

z0)
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DEPLOYMENT

One of the most important performance will be to manage to stabilize the
satellite and to navigate automatically in order to reach the precise foreseen
landing area.

For that purpose, the satellite will be equipped with a GPS to locate at any
moment its position, a magnetometer to control its direction an
accelerometer to monitor its stability and speed.

Besides, the satellite will have to deploy a parachute in order to slow down
during the descent.

If we have enough time, we are ready to deploy a small wheeled rover out
of the satellite as soon as it touches the ground without any damage. it will
travel a short distance while mapping its environment thanks to a
radar/lidar.

The two main points, within this step, are first to be able to monitor the
satellite direction and secondly to well-size the parachute (surface, height
opening, etc...) in order to insure that it will slow down the system
correctly.

FREE EXPERIENCE

Regarding to free experience, the parameters we choose to measure are the
evolution of radiation, pressure and temperature during the descent. Data
collected will be transmitted to a PC on the ground to be analyzed in the
form of usable graphs.

Moreover, we will be able to store data into the rover that will be deployed
at the end of the mission.

In order to succeed in this experience, we will have to minimize both the
size of the different sensors, the transmittor for the communication and the
microprocessor linking all the devices of the system. At last, the sensors
position will also be and important point to manage during the design
phase.

)
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EXTERNAL STRUCTURE

The two support of our satellite are one in Plexiglas and one in PBC, they
will support the external structure made in ABS plastic. The rods are in
aluminum. In the first phase (before

deployment), the satellite’s rods have an exotic shape: the rods will be hold
by electromagnets. After the deployment, thank to gravity, because the
entire weight is concentered in a specific part of the rod, we “turn off” the
electromagnet, that’s why the rod can drop. The rods are sloping to make
the deployment easier. In the middle of the structure will be place the

raspberry.

PARACHUTE
2eM
S=———
RC.V,

With a speed of 8m/s and a mass of lkg, we found a surface of
47cmx47cm.

©
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INTERNAL STRUCTURE

Tools

We chose the Raspberry Pi, which is a small computer the size of a credit
card. It was designed by a non-profit educational foundation to bring a new
perspective to the world of computing, it was on 1981.

Specially we used Raspberry Pi Zero. It is based on the specifications of
the A/B model with a processor running at 1 GHz instead of 700 MHz, but
it is smaller and has minimal connectivity.

Use of the system

The potential applications of this tool are endless. A little tour of the
internet leaves no doubt about the possibilities. When you leave the box, it
allows you to use it in office automation with Free Office, Internet access
with a web browser, learning programming with Scratch, Python and
Minecraft Pi or Ruby and Sonic Pi. Further on there is the whole universe
of free and open source utilities under GNU/Linux.

In November 2015, the Raspberry Pi Foundation added the Raspberry Pi
Zero to its family of single card computers. The features of this special
version are generally very similar to those of the Pi-1 model model A+, but
the zero edition is half as small as the version published a year earlier,
which suits us given its use in the CanSat project.

The minicomputer has a 1 gigahertz processor, a weight of 9 grams and an
ARMVG6 architecture.

This tool is compatible and the various sensors that will be connected to it
as part of this project.

Programming

The choice of programming language will be python, some language rich
in libraries given the strong community on the net.

CONCLUSION

The tests on electronical devices have been made and it’s working. The

external structure have been created. We just have to put the pieces
together and test the deployment.

©
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SCIENTIFIC ARTICLE

Simulacién y Analisis del clima para el cultivo de semillas andinas mediante
una capsula no tripulada Wanka

George Steve Fajardo Soria Jean Pierre Cholan Yamoga
Escuela Profesional de Ingenieria Mecatronica Escuela Profesional de Ingenieria Mecanica Eléctrica
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Escuela Profesional de Ingenieria Mecanica Eléctrica Escuela Profesional de Ingenieria Electronica
Facultad de Ingenieria Mecanica Facultad de Ingenieria Eléctrica, Electronica y Telecomunicaciones
Universidad Nacional de Ingenieria Universidad Nacional de Ingenieria

1. INTRODUCCION:

Los frutos del Ande peruano son variados y
segun la literatura, poseen altos valores
nutritivos en proteinas, calorias y vitaminas
[1], [2]. Estos pueden ser parte de misiones
espaciales por su gran capacidad de
adaptacion a los climas frios y de alto nivel
de radiacion. El concepto de sembrio
inteligente depende de varios parametros
que nos permitan determinar si el terreno y
ambiente colindante es idéneo por ello
proyecto posee dos etapas, el primero por la
parte Francesa, data del desarrollo de una
gondola inteligente que permitira realizar el
sensado de indices de CO2, Ozono Radiacion
UV y agentes atmosféricos como la
temperatura, presion atmosférica y humedad
relativa a tiempo real a una altura maxima de
28 km de altura impulsado por un globo
estratosférico de Helio (Fig N21,2), esto
permitira luchar contra la polucidn y radiacion

excesiva en lugares exactos de las ciudades Figura 1. Lanzamiento del primer globo estratosférico

industriales o terrenos  accidentados del laboratorio Smart Machines-Proyecto Q’inti
partiendo de un analisis integral de toda la

columna de recorrido del globo.

s<)

ANNEXES C’SPACE 2019




LES PROJETS CANSAT

Por la parte peruana, se construird una
capsula que poseerd semillas de origen
andino, como la Kiwicha, Maca, y Quinua a la
vez tendrd un sistema embebido que
permitird analizare ambiente con los sensores
anteriormente mencionados y podra decidir
si el que cultivo de las semillas mencionadas
podran ser liberadas en tierra. Estas semillas
serdn sembradas por la capsula mediante un
mecanismo que serd accionado de acuerdo a
los parametros estudiados, simulando asi un
sembrio en otros planetas mediante una
capsula en tierra. (Fig N23). Con ello se busca
incentivar la cultura andina, promoviendo el
sembrio de las plantas autdctonas de la region
en futuras misiones espaciales que desarrolle
la Agencia Espacial europea (ESA). El presente
proyecto fue aprobado para competir en la
campafia de lanzamiento CSPACE 2019
(Organizado por la Agencia Espacial Francesa)
como proyecto innovador (Fig N25).

2.- EQUIPO WANKA PROJECT

El equipo peruano de Club Aerospace
Peruvian Team, fue fundado el 2010 y consta
de 20 miembros el clubo, consiste en la
blsqueda constante de la vanguardia
tecnoldgica en la ingenieria aeroespacial,
promoviendo la industria y la innovacion de
esta ingenieria en nuestra region. Al mismo
tiempo, ser un equipo reconocido
internacionalmente por la participacion
constante en competiciones aeroespaciales
con una gran apertura y suma de elementos
de ingenieria que son muy Utiles para la
comunidad cientifica en su busqueda por
descubrir los secretos del universo.

©
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Figura 2. Proyectos concursantes en la
campafia de lanzamiento C’space 2019

El proyecto se estructura en un equipo
binacional, entre Francia y Peru, consta de
dos etapas; el desarrollo de una géndola

estratosférica propulsada por un globo de
helio en Francia y una carga util desarrollada
en Perd, esta carga Util es desarrollada con
fines de promover la produccién y siembra de
semillas andinas para misiones espaciales. El
equipo estd conformado por estudiantes de
pregrado de ingenieria mecanica, eléctrica y
robética y un ingeniero eléctrico como asesor
del proyecto. La imaginacion y técnicas del
equipo junto con el compromiso del
desarrollo tecnoldgico de la region andina
llevaron al equipo a promover
la cultura andina en la

campafa de

lanzamiento C'space 2019 en Francia




Figura 3. Team Proyecto Wanka

MISIONES

La principal misién mandatorial es la
expansion de la capsula expulsada del
globo estratosférico Francés (Fig N24)
a una altura de tres kilémetros de
altura, para ello se cuenta con un
secuenciador para aproximar la altura
de caida con ayuda de un sistema de
encapsulamiento con hilo de nylon y
un actuador con cable de resistencia
ombhinca de hilo Nicrom en una placa
asegurada con la capsula. Fig N24

Figura 4. Caida de la capsula, liberada a
una altura aproximada de

xc)
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La segunda misién serda analizar
parametros ambientales para el
sembrio de semillas de los andes
peruanos, se necesita  saber
parametros como la temperatura,
radiacién UV, humedad relativa y
Presidn para ser introducidos en un
andlisis mediante un interfaz grafico
de sondeo que nos permitan
descargar las semillas, la mision
consta en la llegada a tierra sin dafios
y la liberacion inmediata de las
semillas. Todos los datos del
despegue vy aterrizaje estaran siendo
almacenados internamente en la
capsula, luego para ser recopilados en
el recojo de la capsula.

DISENO

Segun la regulacion de la agencia
espacial francesa, el peso de la
capsula sin paracaidas oscila un valor
maximo de medio kilogramo 500 gr, y
las dimensiones son estrictas en
cuestién de tamafio con un minimo
de 150 mm de altura y 10 mm de
didmetro base.

Debido a las proporciones, el
prototipo consta de sensores bésicos
y la estructura construida por varios
materiales  compuestos  como;
poliuretano, plastico ABS, Fibra de
carbono de refuerzo y pernos.

La metodologia de disefio data de
establecer
prototipo creando una

funcionalidad en el
interface

Landing

Figura 5. Misién Proyecto Wanka
CSpace 2019 [10]

compatible de acuerdo al propdsito
del proyecto. También ver el objetivo
de impacto visual que poseera el
equipo, todo el esquema general de
disefio se ve en la siguiente figura:

Prototype

Information
Communication Design

Interface

Visual
Design

Business
Aanalysis \interaction

Business

plan

Figura 6. Diagrama de Ven del disefio del

prototipo
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MECANICA:

El disefio se basa en una capsula
Dragon de volumen rigido [3], para
poder cumplir con la normay limitacién
del peso, su utilizaron materiales
compuestos, como el poliuretano, fibra
de carbono en los soportes de las patas,
impresion 3D para la proteccidn de las
placas y para almacenar los tres tipos
de semillas, el sistema innova en la
parte del accionamiento del
servomotor con solo 180 grados de giro Mechanis
para seleccionar el tipo de semilla que

se desea sembrar. Figura7. Diagrama sistema mecdnico de la capsula

Figura 8. Vista de Explosicn del Prototipo
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ELEMENTO | CTDAD MO DE PIEZA
1 Aro Soporte

[Caja de Companentes
FLACH dié COMmPOREntes

Arduing Nand
Sensor de Temperatura El ML8511 es un sensor UV, que es
ma adecuado para adquirir intensidad UV
Seror de Presion en interiores o exteriores. El ML8511
| es equipado con un amplificador
Base Nacrom interno, que convierte la corriente
_“*"‘D'“ supetatar fotoeléctrica a voltaje dependiendo
|Patas Soporte de la intensidad UV. Esta
10 rSemmes caracteristica Unica ofrece una
11 _Cﬂﬂl‘ﬂnf Motor interfaz facil para circuitos externos
12 | _Sen-:umtl:r HTXS00 como ADC. En el modo de apagado,
13 Aperturador tipico La corriente de reserva es de
i i 0.1uA, lo que permite una mayor

duracidn de la bateria.

SENSORES:

ML8511

Tabla 1. Elementos del prototipo

SISTEMA ELECTRONICO:

BMP180

El sistema principalmente consiste en un

sistema embebido en base de la placa BMP180 es una placa de circuito

Arduino Nano y sensores integrados, impreso, que incluye un sensor de

ademas este mismo opera los médulos de presion barométrica/atmosférica

telemetria para la ubicacion por GPS, absoluta, de alta precision (la presion

finalmente este sistema también opera el atmosférica es la fuerza por unidad de

servomotor de seccionamiento de las superficie que ejerce el aire sobre la

semillas. superficie terrestre), tiene un rango
de medida de entre 300 y 1100 hPa
(Hecto Pascal) y un margen de error
de 0.03 hPa, ademds dispone de
sensor de un sensor de temperaturay
por medio de software permite
calcular la altitud con respecto al mar.

El sensor de presion estd basado en

tecnologia piezo-resistiva de alta

eficiencia, linealidad y larga duracion,

tiene un rango de alimentacion de

entre 1,8 voltios y 3,6 voltios dc

(corriente continua), por lo que, si lo

vamos a usar con un

Figura 9. PBC del sistema embebido de la microcontrolador que funcione a 5
capsula voltios, necesitaremos adaptadores

ANNEXES C’SPACE 2019




o

LES PROJETS CANSAT

de nivel en los pines SDA (linea de
datos) y SCL (linea de reloj) del bus
12C. El médulo central dispone de una
fuente de 3.3 voltios integrada, puede
ser alimentado a 5 voltios en el pin
marcado como Vcc, pero también
puede ser alimentado con 3.3 voltios
en el pin marcado como 3.3 voltios.

Figura 10. Circuito eléctrico entre el
sensor DHT22 y el Arduino Nano

DHT22

Los sensores DHT11l y DHT22 son
sensores digitales de Temperatura y
Humedad, féciles de implementar con
cualquier microcontrolador. Utiliza un
sensor capacitivo de humedad y un
termistor para medir el aire
circundante y solo un pin para la lectura
de los datos. Tal vez la desventaja de
estos es la velocidad de las lecturas y el
tiempo que hay que esperar para tomar

nuevas lecturas (nueva lectura después
de 2 segundos), pero esto no es tan
importante puesto que la Temperatura
y Humedad son variables que no
cambian muy rapido en el tiempo.

El rango de medicion de temperatura
es de -40°C a 80 °C con precisiéon de

0.5 °C y rango de humedad de 0 a
100% RH con precisién de 2% RH, el
tiempo entre lecturas debe ser de 2
segundos.

s Bemempenmnnn
- Ve

0 = sl

Figura 11. Circuito eléctrico entre el
sensor DHT22 y el Arduino Nano

INTERFAZ GRAFICA

Diagrama de bloques en LabView:

Figura 12. Diagrama de bloques entre los
sensores BMP180 — ML8511 en LabView

Figura 12. Interfaz grdfico con los sensores
BMP180 — ML8511 en LabView
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Sensor Nombre Rango de Rango de Voltaje ~ Conexiones
Med Temperaturas

Presién BMP180 ' 300 - 1100 hPa -40a 85 °C 3,3V GND =>
GND
VIN => 5V
SCL => A5
SDA => A4
ML8511 | 0—15 mW/cm2 -30a85°C 3,3V GND =>
GND
VIN =>3.3V
OUT => A0
EN => A1l

Arduino -40a 85 °C
Nano

Tabla 2. Datos de los sensores y microcontrolador

TELEMETRIA

Los médulos Lora son una tecnologia por
10T utilizando un tipo de modulacion
especial para obtener alcances de 15km
con una potencia de solamente 10 mW.
Con una antena clasica en la recepcién y
10 mW (18 dBm) en emisién, la potencia Figura 13. Partes de una antena Yagui
en la recepcién es de -104 dBm. Con la (Referencial)
sensibilidad tedrica de -141 dBm, no hay
problema. Pero, con nuestras pruebas en
Lima, parece que debajo de -100 dBm, el
mddulo Lora no recibe nada.

Dos soluciones son posibles. La primera
es de utilizar mas potencia en emisién. Es
posible, pero este aumenta la masa de
baterias necesaria. La mejora solucién es
de utilizar una antena de alta ganancia en
la recepcion.

El tipo de antena lo mas clasico por
estudiantes es una antena Yagi. Este tipo
de antena tiene tres tipos de elementos
diferentes.

Los directores, son palos de metal sin
conexiones con el dipolo, que guian
las ondas electromagnéticas hasta el
dipolo. El reflector es otro palo de
metal sin conexién con el dipolo, para
asegurar que la antena recibe ondas
viniendo de solamente una direccién.
Y por fin, el dipolo, un palo de
aluminio cortado en dos, conectado
al médulo LoRa.

Las dimensiones de la antena
utilizada son las siguientes. El soporte
(naranja en el dibujo) es de madera,
pero puede ser de cualquier material
que no conduce la electricidad.

o
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El dipolo es cortado en dos, y
conectado de esta manera a un cable
coaxial de 50 ohms compatible con el
LoRa (RA-02).

E ;

Figura 14. Conexiones internas de la
antena Yagui

La ganancia tedrica de la antena es de
12,3 dBi, pero la ganancia real debe
ser un poquito menor, a causa de las
perdidas con el cable coaxial.

Las conexiones del médulo LoRa con
el Arduino son las siguientes:

SRR AEANNS

Figura 15. Diagrama de conexiones del

sistema embebido de Telemetria

<2/
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Construccion de una antena Yagi, a fin
de realizar la transmision de la
informacién se ha visto necesario el
disefio y construccidn de una antena,
y dadas las facilidades para poder
construir una antena de este tipo,
ademds de sus caracteristicas tanto
de ganancia como de direccionalidad,
se decidid usar este tipo de antena, la
cual ya se encuentra terminada.

Figura 16. Diagrama de radiacién
de una antena tipo Yagui [10]

Para poder realizar la antena se han
tenido que realizar ciertos célculos,
los cuales nos indican tanto la
longitud que debe poseer cada varilla,
como la distancia de separacidon que
debe haber entre las mismas, siendo
realizados los célculos de la siguiente
manera.

Para la frecuencia de 433 MHz:

L=(5%104)+173+10
=793cm
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Separacion entre elementos: “Gama Match” a fin de poder regular
Entre reflector y dipolo:  7500/f la frecuencia en cierto rango, e
Entre dipolo y director:  4500/f incluso modificar la ganancia de la
Entre directores: 4500/f manera que se desee.
Gracias a estas medidas se desarrolld
la construccion de la antena:

Element Length

(K/MHz =
cm)

Reflector 150/433 =

34.6 cm
Dipolo 142.4/433
=32.8cm
Director  135/433 =

1 31.1cm
Director = 133/433 =

2 30.7 cm
Director  130/433 =

3 30.0cm
Director  129/433 =

4 29.7 cm
Director  126/433 =

5 29.0cm

Figura 17. Barras cortadas a las dimensiones calculadas

Table 3. Tabla de valores de directores de
antena

Tubo de soporte de elementos:
Ademas, se usé un ajuste de gama

Reflector- 17.3cm
Dipolo Figura 18. Todos los elementos junto con el soporte

2 10.4 cm

Director 1 — 10.4cm
Director 2

Director 2 — 10.4cm
Director 3

Director 3 — 10.4cm
Director 4

Director 4 - 10.4 cm
Director 5

Table 4. Tabla de valores de longitud
inicial de antena

©
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Figura 19. Antena Yagi para 433 MHz

MISION DE SEMBRIO:

Los valores nutritivos de los cultivos andinos
son muy positivos para la alimentacién de
los seres humanos y animales en todas las
edades de crecimiento [8]. Segln los
estudios desarrollados por el ministerio de
agricultura y producciéon del gobierno
peruano se obtiene las siguientes tablas de
valor nutricional por cada 100 gr de cultivo
tratado:

Componssies | Crmporely

Humedod

¥ EnEpHED

Vitoming © sl [

Figura 20. Valor nutricional de la Quinua. (Fuente:
PromPeru)
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El mecanismo para la siembra consta de un
servomotor de 1kgr de torque que abrird una
compuerta que liberara la semilla de acuerdo
al angulo establecido de giro.

Kiwicha '

Figura 22. Zona de estudio por satélite

Figura 21. AlImacén de semillas y
mecanismo de liberaciéon mediante

La seleccion de la semilla sera de acuerdo al i lawbdds el SETEE
terreno donde cayese la capsula, esto debido
3 un estudio satelital previo segun el
2arthobservatory.nasa al medir
cuidadosamente las longitudes de onda y la
intensidad de la luz visible e infrarroja cercana
reflejada por la superficie de la tierra en el
aspacio, los cientificos utilizan un algoritmo
llamado "indice de vegetacién" para
cuantificar las concentraciones de vegetacion
Je hojas verdes en todo el mundo. [7]

Figura 23. Zona tratada mediante
NDV1 (indice de vegetacion) para

Mediante un algoritmo en Matlab se extrae
un area de posible caida de la capsula, de ahi
se trata con sensores satelitales mediante
librerias y se tiene un area posible donde los
cultivos  prosperaran  de acuerdo los
parametros ambientales de esa zona
zeografica (FIGURAS)

©
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CONLCLUSIONES Y DISCUSION

Durante los primeros ensayos de la capsula la
parte mecanica sufrié leves dafios en los
soportes inferiores, por ello se tuvo que
realizar simulaciones de impacto por el
método de elementos finitos y se concluyd
que se tendria que cambiar los soportes por
materiales compuestos, en este caso la fibra
de carbono fue escogida para reforzar la parte
interna de las patas. Por las normas de que se
nos plantean en Planet Sciences, se
recubrirdn la patillas con poliuretano para
reducir riesgos de accidentes en el
lanzamiento. Fig 27.

Figura 24. Andlisis de caida de la
capsula, Deformaciones Equivalentes

Las pruebas de los sensores fueron correctas,
el error que se presenta es por toma de
temperatura, y varia de acuerda a la calidad
del sensor esto se puede mejorar cambiando
de componente, mediante el interfaz grafico
se puede ver como varian los pardmetros de
acuerdo a los lanzamientos y el desempefio
del sistema embebido.

©
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Figura 25. Pruebas de sensor de
temperatura

Se realizaron pruebas de diferentes
puntos, desde el interior de la
universidad a una  distancia
aproximada de 1.1 km (Figuras 1y 2)
y desde dos distritos costeros de la
ciudad de Lima; desde el distrito de
Chorrillos a sur de la ciudad y el
distrito del Callao, desde la peninsula
de la punta tomando una distancia
aproximada de 17.8 kilémetros
(Figura 3y 4),

Figura 26. Primera prueba dentro de la

Universidad, con éxito en la toma de datos

del GPS




Figura 29. Segunda prueba: Antena Yaggi en

Figura 27. Primera prueba: Antena Yaggi en posicion para recepcion de datos.

posicion para recepcion de datos.

La transmision de datos fue exitosa, los
pardmetros de emision en las pruebas
fueron de presidn, temperatura vy
coordenadas GPS (Figura). El ruido o
interferencia fue minimo y se espera
tener éxito en los envios de datos, pero
esto depende del nivel de interferencia
que se tenga.

Figura 28. Segunda prueba dentro desde dos
distritos de la ciudad, con éxito en la toma de datos
del GPS.

Figura 30. Datos en transmitidos por el
sistema embebido, Monitor serial Arduino.

7]
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Para la obtenciéon de datos para el
sembrio, es complejo instalar un
sistema de analisis por imagenes in-
situ en la capsula por motivos de
peso, por ello es mejor estudiar datos
obtenidos por los satélites de
internet, y realizar una interpolacién
dias previos al lanzamiento. Es
sistema en caida debe liberar una,
dos o a la vez los 3 tipos de semillas
dependiendo del ambiente si es fiable
para que prospere de acuerdo al
estudio previo NDV1.

Figura 31. Cddigo de andlisis NDV1 utilizado en el
proyecto

PROYECTOS A FUTURO

Planeamos lanzar mediante un globo estratosférico hecho en CTIC-UNI una misma carga y simular
la misién en la ciudad de Huancayo, Pert con él un plus que hemos estado trabajando, como es el
control de caida mediante control no lineal mediante un parafoil (Era nuestra propuesta para el
concurso C’space pero no entra en las reglas). Realizar las misiones y sacar datos tanto de la
estratosfera como en la capsula de sembrio.
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Figura 32. Logo del proyecto, Capsula y Sonda
Estratosferica.
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