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INPE, seus satélites e Introducao a cu
SmallSats no Brasil

Algumas Projetos: AESP14, Tancredo |, NanoSatBR, CubeDesign,
UNOOSA-BSTI

Futuras Miss6es: CONASAT, FloripaSat, CCST-Sats, SPORT,
Visiona VCUB1, SENAC, etc

Picosatélites - Projeto UbatubaSat e Sonda de Langmuir
* Integracao, Lancamento, Estacoes Terrenas

CubeDesign - Competicao
Encerramento [ Perguntas
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Classificacao de satélite por massa

Classe Massa (kg)
Satélite grande convencional > 1000
Satélite pequeno convencional 500 a 1000
Minissatélite 100 a 500
Microssatélite 10 a2 100
Nanossatélite 1a10
Picossatélite 0,1a1

Fonte: Fortescue (2003)




cube” (cubo) e “sat” (satélite) — caracteriza-se por
sua estrutura simplificada e custo reduzido: enquanto
para o seu lancamento sao gastos aproximadamente
100 mil délares, para o de um satélite convencional
0s custos chegam a 250 milhdes. Os satélites de
pequeno porte, conhecidos como nanossatélites,
também se distinguem pelo alto valor agregado.

1,5U

O padrao cubesat foi desenvolvido em 1999, no contexto da tendéncia dos
nanossatélites, com o intuito de fomentar a pesquisa universitaria na area de
Engenharia Aeroespacial. Seus idealizadores, Jordi Puig-Suari e Bob Twiggs,
professores das universidades norte-americanas California Polytechnic State
University e Stanford University, tinham o propdésito de proporcionar aos
estudantes de graduacao e pos-graduacao a possibilidade de projetar,
construir, testar e operar um satélite semelhante ao Sputnik.



A type of miniaturized satellite (U-class
spacecraft) that is made up of multiples of
10x10x10 cm cubic units;

Have a mass of no more than 1.33 kg per unit
and often use commercial off-the-shelf (COTS)
components;

Can be put in orbit by deployers on the ISS, or
launched as secondary payloads on a launch
vehicle.

In 1999, Cal Poly Univ. and Stanford Univ.
developed the CubeSat specifications to
promote and develop the skills necessary for the
design, manufacture, and testing of small
satellites intended for low Earth orbit (LEO).

Academia accounted for the majority of
CubeSat launches until 2013. By 2014 most
newly deployed CubeSats were for commercial
or amateur projects that perform a number of
scientific research functions and explore new
space technologies.

HLF2017_ _UNOOSA Naccarato Bra
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SmallSats no

Inside the satellites

Structure, function and other features

of Brazilian space devices

Development INPE and UFSM
Type Cubesat

Dimensions 10 x 10 x 11.33 cm
Purpose Scientific-technological
satellite

Onboard equipment Computing,
power, radio, control and payload
subsystems

Launcher Russian DNEPR rocket
Orbit altitude 600 km
Positioning Low polar orbit
(complete revolution around the
Earth every 90 minutes)

Time in space One year

Cost R$800,000

http://revistapesquisa.fapesp.b

Development Consortium of
universities, with support from AEB
Type Nanosatellite - 3U Cubesat
Dimensions 10 x 10 x 30 cm
Purpose Proof of concept for the
Brazilian data collection system
Onboard equipment Digital
transponder for data collection,
onboard computer, power and
communication system (duplicated)
Launcher International Space
Station (ISS)

Orbit altitude 400 km

Positioning Low polar orbit

Time in space Less than 2 years
Cost R$800,000

Development ITA and Inpe

Type Cubesat

Dimensions 10 x 10 x 11.33 cm

Purpose Educational tool that will carry
a message destined for Brazilian
scientists as an experiment

Onboard equipment UHF-band modem
to send messages

Launcher ISS

Orbit altitude 350400 km

Positioning Low polar orbit

Time in space 90 days

Cost R$150,000

/2014/05/20/small-satellites-make-mark/

UBATUBASAT

Development Tancredo Neves
Municipal School and INPE

Type Tubesat

Dimensions 9.7 cm diameter and 12 cm
height

Purpose Educational

Onboard equipment Onboard
computer, radio transmitter/receiver,
antenna, power control subsystem and
recorder on a chip

Launcher ISS

Orbit altitude 350 km

Positioning Equatorial orbit, the same
ESGEENT

Time in space Four months

Cost R$30,000 (without launch)

Development Inpe
Type Nanosatellite - 8U Cubesat
Dimensions 20 x 20 x 20 cm

Development ITA and Inpe

Type Nanosatellite — 6U Cubesat
Dimensions 10 x 22.6 x 34 cm
Purpose Measurement of radiation and
image collection

Onboard equipment Communication
experiments, radiation and magnetic
field sensors and camera

Launcher In the selection phase
Orbit altitude 600-700 km
Positioning Low polar orbit

Time in space One year of operation
Cost R$1.8 million (without launch)

Purpose Satellite for environmental data collection
Onboard equipment Computing, attitude control, telemetry
and remote command subsystems and antennas

Launcher Not yet chosen
Orbit altitude 650 km)




0‘ MINISTERIO DA CIENCIR, TECNOLOGIR, INOVACOES € COMUNICACOES
INSTITUTO NACIONAL D€ PESQUISAS €SPACIAIS
BRAZILIAN’S CUBESATS’ INITIATIVES

» NANOSATC-BR1 (UFSM / INPE) T
» 2014, 1U Architecture, 600km Altitude, http://www.inpe.br/crs/nanosat/

» Assess data from South America Magnetic Anomaly & Brazilian’s
lonospheric Electrojet

» SERPENS-1 (AEB)

» 2015, 3U Architecture, International Colaboration
» UnB, Univ. Vigo, Sapienza, Cal Poly, Morehead, UFSC, UFMG, UFABC, IFF

» CONASAT
» First CubeSat constellation (in development) ““""
» Tancredo | (UbatubaSat Project) .

» 2017, TubeSat (~10x13cm), http://www.ubatubasat.com/
» ITASat-l (ITA)

» 6U Architeture (in development), http://www.itasat.ita.br/

» AESP-14 (ITA / LIT-INPE)
» 2015, 1U Architecture, 400km Latitude, http://www.aer.ita.br/~aesp14/

017 _UNOOSA Naccarato_Brazil Presentation
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BRAZILIAN’S CUBESATS’ INITIATIVES

NANOSATC-BR2 (2U)

» Langmuir Probe (CEA / INPE)

» Magnetometer (UFSM/UFRGS)

» Altitude Control System (INPE / UFMG / UFABC)

SPORT - Scintillation Prediction Observations Research Task
> International cooperation: NASA / AEB / CEA-INPE / ITA

» To study ionosphere plasm bubbles, which severe compromise / block satellite signal
transmissions from / to Earth

» Scientific payloads: lon Velocity Meter, GPS Occultation Receiver, Electric Field Probe,
Langmuir Probe, Fluxgate Magnetometer and Swept Impedance Probe

ITASat-2 (ITA)

SERPENS-2 (AEB)

FloripaSat (UFSC)

14BISat (IFF)

Tancredo-2 (UbatubaSAT Project)

UNOOSA Naccarato Brazil Presentation
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SERPENS: 3U (2015)

UnB / Universidade de Vigo

Outras Universidades: Sapienza (Roma)
CalPoly, Morehead, UFSC, UFMG,
UFABC, IFF

ITASAT: 6U

12



Falcon-9

AESP-14

(ITA/INPE)
(2015)

400 km

P-POD
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oripa Sat surgiu de forma
independente, inspirado em outros projetos
experimentais do Centro Tecnolégico (CTC)
— como o BAJA SAE, do curso de
Engenharia Mecéanica, que se destina a
produzir protétipos de veiculos automotivos
off-road.

» “Existe aqui na UFSC o BAJA; o barco

elétrico; o carro elétrico. S&o varios projetos.

Pensamos entdo em propor o
desenvolvimento de um satélite para que 0s
alunos se interessassem e se motivassem
também pela area aeroespacial’, explica o
professor Eduardo Bezerra, do
Departamento de Engenharia Elétrica e um
dos coordenadores do projeto.

* O curso da UFSC foi criado em 2009 e é
uma das unicas seis graduacdes em
Engenharia Aeroespacial em todo o pais.

http://ciencia.ufsc.br/2015/12/11/missao-espacial/



|

4)
600 km
INPE - UFSM

Padrao CubeSat 1U

Dnepr

Missao Cientifica
Coletar dados do campo magnético terrestre:

- AMAS (Anomalia Magnética da América do
Sul)

- Setor brasileiro do Eletrojato Equatorial
lonosférico 15



Padrao CubeSat 2U: INPE-
UFSM-UFRGS

Missao cientifica:

Sonda de Langmuir (CEA)
Sistemas de determinacéao de
atitude (INPE/UFMG/UFABC)
Magnetometro
(UFSM/UFRGYS)

https://www.researchgate.net/publication/322746790_NANOSATC-BR_STATUS_-_A JOINT_CUBESAT-
BASED_PROGRAM_DEVELOPED_BY_INPE_AND_UFSM/figures?lo=1&utm_source=google&utm_medium=organic




plataforma cubesat 6U de 10 kg com
dimensobes de 30 x 20 x 10 cm.
Segundo a Visiona, a missao permitira
o desenvolvimento e validagao de
tecnologias espaciais e incorpora uma
arquitetura de sistemas modular e
escalavel, que podera ser utilizada no
futuro em satélites de maior porte.

http://www.inpe.br/noticias/noticia.php?Cod_Noticia=4839

® visiona VCUBI1

DE ALTA RESOLUCAQ ESPACIAL

. . . . Constelagdo virtual de 30 sensores de observagdo da terra
Concepgio artistica do nanosatélite VCUB1 https://www.infodefensa.com/latam/2018/08/02/noticia-agencia-espacial-brasileira-projeto.html
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41}/ 17 OBJETIVOS PARA TRANSFORMAR NOSSO MUNDO ‘
Essas decisdes determinarao o curso global de acdo para acabar com a pobreza, promover a
prosperidade e o bem-estar para todos, proteger o meio ambiente e enfrentar as mudancas

climaticas.
https://nacoesunidas.org/pos2015/
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g’@\g UNITED NATIONS viflo|a|o EE

S Office for Outer Space Affairs

AboutUs ~  OurWork ~  Benefits of Space ~  Information for... ~  Events ~  Space Object Register ~  Documents ~  COPUOS 2018 ~

Our Work = Programme on Space Applications = Schedule of Activities

Our Work
Secretariat of COPUOS

Programme on Space
Applications

PSA News

Fellowships

2018
2017
2016
2015
2014
2013
2012
2011
2010
2009

http://www.unoosa.org/oosa/en/ourwork/psa/schedule/2018/symposium_brazil_bsti.html

*

17 OBJETIVOS PARA TRANSFORMAR NOSSO MUNDO

" United Nations/Brazil

Symposium on Basic
Space Technology
"Creating Novel
Opportunities with
Small Satellite Space
Missions"
Natal, Brazil, 11 - 14
September 2018

Co-organized by the
United Nations
Office for Outer

Space Affairs and
the Government of
Brazil 19
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AND WELL BEING EDUCATION AND SANITATION

N
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Lightning Detection System

RaioSat ..
3-U Cubesat Vision

/

S Ground Station System

INPE
telecommunication
s Lightning Infrastructure
.'. \ data
; m ‘ Lightning
N : Earth information
hh—h Networks
" lightning =~ Data,
sensors Informations, A S
2 ’[[ } knowledges @ %
b -

INPE Information System INPE researchers

BrasilDAT Knowledge Base

Network
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Satellite

OrbView-1/ MicroLab

TRMM- Tropical Rainfall
Measuring Mission

FORTE - Fast On-orbit
Recording of Transient

Lightning OTD - Optical Transient LIS - Lightning Imaging RF antenna OLS -
Detecting Detector Sensor Optical Lightning Sensor s S
Payload o i
Mass 74 kg 3620 kg 210 kg Lens table
Altitude 785 km 350 e 402 Km 800 Km e
Inclination 70° 35° 70° Stray-light batfio
Launch 01/04/1995 271111997 29/08/1997 Image sensor back plane
Date Image processing
End of Life 24/08/2015 08/04/2015 SN CCD Camera :
Antenas
llustration
Deployable VHF
Antenas
2 Standard 2-U \\ \/
Cubesat Bus -
with 3-Axis
& 201 Stabilization T p
z 7
& 15
o
r
w
E 10
£ —Blue Resolution Frame Rate Column Size Row Size Shutter Width
3 ——— Green
9 5] ——Red 2048 x 1536 QXGA 12 fps 2047 1535 <1552
1600 x 1200 UXGA 20 fps 1599 1199 <1216
0 ‘ ‘ : : : : 1280 x 1024 SXGA 27 fps 1279 1023 <1040
400 500 600 700 800 900 1000 1100 1024 x 768 XGA 43 fps 1023 767 <784
TR, Onr 800 x 600 SVGA 65 fps 799 599 <616
640 x 480 VGA 93 fps 639 479 <496 22
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40S

5085

Relative fluorescence

650 670 690 710 730 750 770 790 810 830 850
Wavelength (nm)
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Arquitetura da Misséo

[ SEGMENTO

ESPACIAL

[ SEGMENTO []

LANGADOR

[| SEGMENTO

TERRESTRE

L 4

¥

H
|

Ak
1
1
Hi

\
CONASAT

CONSTELACAD DE NANO SATELTES AMBIENTAI

Dimensodes: 22,6 x 22,6 x 22,7cm
Massa total: 8,3 kilogramas
Poténcia: 6,44 watt

Estabilizado em 2 eixos (x,y)
Comunicagao: UHF e Banda S

24
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GPS Occultation
(back side)

UHF Antenna

Impedance Probe

Floating Potential _

Floating Potential

N)n Velocity Meter

VHF Antenna

Star Imager

Langmuir Probe
Magnetometer

http://panoramaespacial.blogspot.com/2016/12/cubesat-sport-parceria-inpe-ita-e-nasa.html

|

https://directory.eoportal.org/web/eoportal/satellite-missions/s/sport

Space Weather Studies
Instruments |

RPA/Drift meter

Measurement

Plasma motion

Plasma density /

e GPS Occultation

ot

Small scale

structures and waves —p Langmuir
Scintillation Index ._, * Impedance
Magnetic field

structure E-Field
Plasma temperature _’ Magnetometer

HLF2017_UNOOSA_Naccarato_Brazil_Presentation
25



Entrega de Picosat para

enfgéo de ' A Adi
¢do de Adicdo de Revisdode Safety e
f“'555° e carga %@gg requisitos de requisitos da langamentovia HZB e
util educacional P:EOB Safety sonda de Langmuir HTV, Japdo Nov-2016

i—i-

——yi_

Tempo
Inicio do Indisponibilidade | ancamento Alteracdoda Alteragdo da entregado
Projeto via ;o l:m"ad;(; obtido via missSo e picosat devido a
acordo com SfHIne- ISS/Kibo JAXA inclusdo de configuragdo de
INPE /) com TuPOD cargacientifica langamento com TuPOD
"\"g (Brasil + México) (Brasil + Italia)
! o~ TuPOD
ancredo-1

Objetode
Missdo

e Y

vwwsatview.org

Space Junk Reentry

TANCREDO-1 i
Obj. Nr. 41931U i o Bt

0ct 07:10 UTC
1 plot/ minute

Reentry Forecast: 18/10/2017 at 04h57 UTC Altitude: 147 km BIELY

Forecast of Reentry Location
Update Tue 17-Oct-2017 7:10 UTC

The map above shows the location of the possible reentry of the space junk TANCREDO-1
(41931U) predicted by modeling of orbital evolution until the fragment or satellite reaches the
altitude of nominal burst

According to the forecast made by Satview.org, the object’s reentry will occur in Wednesday,

18 Oct 2017 at 04:57 UTC, above the coordinates shown on map.

O] f [w]c-|&]=]
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Ter frequéncia de operagao coordenada

International
Telecommunication
Union

Anatel

AGENCIA NACIONAL DE TELECOMUNICAGOES

UHF

hisSsill Johnson Space Center

Paramater Vave  Units

- = 5 Grow St Hamsriuet v O Poténcia TX Sat= 100 W
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Spacecraft Total Transmission Line Losses
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System Dezwed Data

«— [ Conceito de Missdo
Operag¢des de Missdo

Command System EbMo:
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Forward Error Correction Coding Used:

Analog or Degital System Reauired S/

System Allowed o Specsied B Error Rate
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= e —
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(e) SpaceCoins

.. “ v Vﬂlume h;
xplanation of physical effects
phy

[ payload protection

1. Launch preparation

2. Start trajectory recording
and telemetry

3. Landing system activation

4. Flag mission complete
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