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 Tipos de Orbita

« Satélites e Lixo Espacial
 Tipos de Resolucao

* Principais Satélites e Sensores
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Quais sao os tipos de satelites?

« Comunicacéo - Distribui sinais de telefonia, internet e televiséo

* Navegacao - Pode ser utilizado por todos aqueles que tém um aparelho receptor, detectando sua posicao na Terra
(GPS)

» Meteoroldgico - Monitorar o tempo e o clima da Terra
* Militar — Fins nao civis

» Exploracdo do Universo - Telescépios e instrumentos para observar o espaco (Hubble)

» Observacéao da Terra - Monitorar a superficie terrestre (CBERS e Amazoénia)
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Orbita Polar
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Varrem a superficie de polo a polo

Ciclica

Heliossincrona (sempre alinhada a posicao do sol)
Entre 200 km e 1000 km de altitude
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Orbita Geoestacionaria

GASP EAST AOD 2013 07 04 1015 UTC

A\

Chl reflectance
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Quantos satelites
orbitam a Terra?
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Fonte - http://stuffin.space/
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Ate 2020, mais de 9000 satélites foram lancados — 5000 continuavam
em Orbita, 2600 em operacao

Existem 34 mil residuos com mais de 10 cm de diametro e 170 milhdes
com menos de 1 mm

Fonte - https://www.uol.com.br/tilt/colunas/pergunta-pro-jokura/2020/09/21/quantos-
satelites-estao-orbitando-a-terra.htm
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Satélites Cosmos Satélite russo colide com residuos de

e Iridium_33 (2009) foguete chinés (2013)

COSMOS_2251
Time (UTCG): 10 Feb 2009 16:55:38 -
Radial (km): <4138
In-Track (km): - 193.932
Cross-Track (km): -154.963 -
- - Range (km): 248.275

Cosmos_2251

Statistical model (Gaussian distribution)

................. 22 Jan 2013 07:58:54.262

Fonte - http://www.space.com/20138-russian-satellite-chinese-space-junk.html
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Sateélites e lixo espacial

for clearing space of junk—including the debris SPACE LASERS
of two satellites that collided in 2009—would speed the rate at could nudge small bits of
which the debris falls into the atmosphere and burns junk into decaying orbits.

Vanguard 1,a U.S
N « Navy probe launched
% in 1958, is the oldest

] s
s orbital debris.
SPACEBORNE
LASER

ELECTRIC TETHERS
attached by micro-rovers
could drag space junk
down as the current in the
tether interacts with
Earth's magnetic field.

COLLECTOR SATELLITES
could capture large junk in pets” .~ _— >
and release it into lower orbit; /.~ = —
DEFUNCT L) from which it would reenter'the /';::f_; \
SATELLITE B atmosphere. / \'#3 o N
— 4 - | / \” \
“TETHER —— W 7

Fonte - National Geographic <http://ngm.nationalgeographic.com/big-idea/12/space-trash>
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Satélites e lixo espacial

Gerhng the net and the platform currectl alighed with the junk,
- B s e " x B

i, o™ ‘ * ﬂ . o L
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Satélites e lixo espacial
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Recepcao e
transmissao
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Active Landsat Ground Stations

e L7 Stations b tos
L5 Stations Y D ASA ASN

s L5&L7 Stations ~ / ‘» X Rl

e Campaign Stations . \

Fonte: USGS
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Sensores

Sao dispositivos
capazes de detectar
e registrar a
radiacao
eletromagnética, em
determinada faixa
do espectro
eletromagnético, e
gerar dados que
possam ser
transformados em
um produto passivel
de interpretacao
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O gue diferencia um sensor de outro?

Fonte de energia

Regiao do espectro eletromagnético
 Formato do dado produzido

* Resolucoes do sensor
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O que diferencia um sensor de outro?

Fonte de energia

Passivo Ativo |
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O que diferencia um sensor de outro?

Formato do Dado
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O gque diferencia um sensor de outro?

Resolucdes do Sensor

Resolucao Espacial
Resolucdo Temporal
Resolucao Espectral

Resolucao Radiométrica
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Resolucéo Espacial

Esta relacionada com a capacidade de
cada sensor em detectar os objetos da
superficie terrestre. Desta forma,
guanto melhor a resolucido espacial,

menor 0 objeto distinguivel pelo

sensor. 20x20m

Spatial Resolution
enlarged view

80

instantaneous
field of view

/

l
40x40m 80x80m 110 20 20 m
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Resolucéo Espacial: 1m x 1m
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Resolucao Espacial — Alta resolucéao
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Resolugao Espac:lal — Alta resolugao
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Resolucao Espacial — Alta resolucao
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Resolucédo Espacial — Média resolucéo

Passo do Lontra — MS
TM/LandsatS 3B4G S R)
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Resolucao Espacial — Média resolucéao
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Resolucao Espacial — Baixa resolucao

AMERICA DO SUL
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Resolucao Temporal

* Relacionada com a revisita
* No geral, resolucao espacial e resolucao temporal sao
opostas

ERECTEC/DSA
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Resolucao Temporal

Google 1984

Brazilian Amazon Deforestation, 1984-2012
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Resolucao Temporal

1986

Las Vegas Urban Growth, 1986-2012
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Resolucao Temporal

Dubai Coastal Expansion, 1984-2012
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Resolucao Temporal

1984

Columbia Glacier Retreat, 1984-2011
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Resolucao Temporal

Google

Saudi Arabia Irrigation, 1984-2012
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Resolucao Temporal

Google: - T ol

Lake Urmia Drying Up, 1984-2012
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Resolucao Espectral

Define a largura espectral das medidas do
sensor. Quanto maior numero de medidas
menor sera o intervalo de comprimento de

onda (banda espectral).
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Resolucao Espectral

L Visive] —— Préoximo Meédio Termal
L—  _INFRAVERMELHO —
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Resolucao Espectral

Hyperspectral sensaors measure
the spectrum of the light
reflected at each pixel

Reflectance

= Components of Spectrum

' | I II Green Vegetation
+
“_l . Ury WVegetation

S 0.4 pm < +

1.4 prm +

1.9 pm o
H m F.aolinite

28 pum

0.4 pm 248 um
Wavelangth

(NEMO Project Office, United States Navy)
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Resolucdo Radiométrica:
« Capacidade do sistema em detectar pequenos sinais
11-Bit
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Principals
sensores e
produtos
orbitails




mnisterops P N PATRIA AMADA

CIENCIA, TECNOLOGIA = 4% BR ASD u_

E INOVAGOES

Sensor MODIS / Terra - Aqua

Altitude 700 km, angulo de imageamento de +55°e faixa imageada

de 2330 km

Recobrimento global em 1 ou
2 dias com resolucao espacial

de até 250 metros
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Temperatura - MODIS
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Uso e Cobertura da Terra - MODIS
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Indice de Vegetacdo - MODIS
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Area Queimada - MODIS
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This MODIS (Moderate Resolution Imaging Spectroradiometer) image from the Terra satellite shows extremely

light blue and green color waters swirling north of South Georgia, likely indicating the presence of microscopic

marine plants called phytoplankton. These plants thrive in the cold, nutrient-rich water near the southern tip of

South America, located just 1340 miles west of South Georgia Island. Icebergs (indicated by the red arrows) are

also visible in the image. The icebergs drifted from Antarctica, which is about 1000 miles south of the island. CREDIT: NOAA/NASA

. =
MODIS-TERRA (processed by NOAA using NASA data) RGB=CH1,CH4,CH3 01/16/2004 12:15 UTC A i NA}}A

{tlantic
Ocean

-k

Georgia and the ~
andwich Islands
(U.K.)
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Deserto do Saara
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Oleo no Golfo Do México - EUA
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Série Landsat

Satélite 1970 1880 19380 2000 2010

011|2|3(4|5|6(7(89|0|1(2|3|4|5(6|7|8|2(0|1(2|3|4|5(6(7|8|9(0|1|2|3[4|5|6|7(8]|9|0|1(2|3|4|5(6]| 7|89
LANDSAT-1

IR
LANDSAT-2 I

LANDSAT-3 ] [
LANDSAT4 HEREREEEENY
LANDSAT-5 IIIIIIIIIIIIIIIIIIIIIIIIIII

LAMNDSAT-6

LANDSAT-7 INEEREEEEENE

LANDSAT-8
Lancamento/Operacio

B Operacio

am T a 1 a = Resolucdo Resolucao Area Resolugao
. D pE ra I; a D"TE rmina Sensor Eamits Ereeiats RS Eepesic] Espacial Temporal Imageada Radiométrica
B Falha no Langamento T 0.45 - 0.52 um
Previsto (B2) VERDE 0.50 - 0.60 um
(B3) VERMELHO 0.63 - 069 pm 30m
TM (Thematic Mapper) (B4) INFRAVERMELHO PROXIMO 0.76 - 0.90 pm 16 dias 185 km 8 bits
(B5) INFRAVERMELHO MEDIO 1.55 - 1.75 pm
(B6) INFRAVERMELHO TERMAL 10.4 - 12.5 ym 120 m
(B7) INFRAVERMELHO MEDIO 2.08 - 2.35 ym 30m
. Resolugdo Resolugdo Resolucdo Area Resclucdo
FEnEET Bandas Esy =is Espectral Espacial Temporal Imageada Radiométrica
(B1) AZUL 0.45-0.515 um
(B2) VERDE 0.525-0.505 um
(B3) VERMELHO 0.63 - 065 pm 30m
ETM+ (Enhanced (B4) INFRAVERMELHO PROXIMO 0.76 - 0.50 pm
Thematic Mapper = 16 dias 183 km 8 bits
Blus) (B5) INFRAVERMELHO MEDIO 1.55 - 1.75 pm
(B6) INFRAVERMELHO TERMAL 10.4 - 12.5 pm 60 m
(B7) INFRAVERMELHO MEDIO 2.09 - 2.35 pm 30m

(B8) PANCROMATICO 0.52 - 0.90 pm iS5 m
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LANDSAT-8

=  Orbita polar a uma altitude de 705 km

= Orbita semelhante a dos Landsat-5 e -7:

233 orbitas para cobrir todo o globo
» Revisita a cada 16 dias

=  Sensores: Operational Land Imager
(OLI) e Thermal Infrared Sensor (TIRS)
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LANDSAT-8

o
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Bandpass wavelengths for Landsat 8 OLI and TIRS sensor, compared to Landsat 7 ETM+ sensor
Note: atmospheric transmission values for this graphic were calculated using MODTRAN for a summertime mid-atitude hazy atmosphere (circa 5 km visibility).

Fonte: USGS




PATRIA AMADA

mpe CIENCIA TECNOLOGIA o BRASIL

E INOVAGOES GOVERNO FEDERAL

UNIDADE DE PESQUISA DO MCTI

Exemplos LANDSAT-1e5

Mar Aral - Uzbequistao Fonte: USGS
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Exemplos — Landsat-5

"
[~

Uso e Ocupacao do Solo - 1985

299373.2 313285.0 327196 .8 341108.6 3550204

7408409.0 [ | 7408409.0
7398616.0 B 7398616.0
7388823.0 7388823.0
7379030.0 - 7379030.0
73692‘%33?3. -: 313285.0 296 ‘ | 341108.6 355020.4 RE9BT0

Q0 32 64 96 128 km

I Urbano Solo_Exposto lll Floresta B Herbaceos /Outras [l Hidrografia

PATRIA AMADA

BRASIL

GOVERNO FEDERAL
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LANDSAT-5 Sensor TM LANDSAT-7 Sensor ETM+

Delta do Rio Nilo - Egito Intrus&o de Granito - Namibia
Fonte: USGS
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Exemplos — Landsat-8

* Oeste da Austrélia
(12/05/2013) — Orbita 107;
Pontos 70-71

« Agua- RGB com as
bandas do vermelho, azul e
ultra azul (4, 2, 1)

e Terra— RGB com as
bandas IVM, IVP e verde
(6,5,3)

* Aimagem resultante
mostra a distribuicao de
sedimentos e nutrientes na
area de estuério, além dos
padrdes e a condi¢cédo da
vegetacao

Fonte: USGS
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science for a changing world

Landsat 8
May 9, 2014

US. Department of the lnterior
US. Geological Survey

10 Miles

Landsat7
May 17, 2014

10 Miles
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Fires in California, USA

A series of wildfires erupted along the coastal region north of
San Diego, California, in mid-May 2014. The first wildfire
(Bernardo Fire) began on May 13, followed by several additional
fires that occurred over the following days. At one point,
firefighters were battling at least eight active wildfires and over
175,000 evacuation notices were issued.

The Landsat 8 image (left) was acquired on May 9, 2014, and
shows the area before the fires began. The Landsat 7 image
(right) was acquired eight days later. The red tones show
numerous areas that were burned as of May 17, 2014.

The repetitive imagery provided by the Landsat satellites allows
officials to evaluate the destructive impacts and monitor future
recovery after disaster events such as these wildfires.
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Klyuchevskaya

Vulcéo Klyuchevskaya, Peninsula Kamchatka, Russia

Fonte: USGS
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Sentinel 2A/B

« Orbita polar

e Continuidade aos dados Landsat e
SPOT

e 2 satélites em Orbita simultaneamente

Sensor MSI (multi-spectral
instrument)
Res. Espacial 10m (4 bandas VNIR),
20m (6 bandas), S
60m (3 bandas) Py Odays 00 hours 00 minutes
4 : Sentinel-2 constellation:
Res. Temporal 5 dias (equador) summer solstice
2-3 dias (méd. latitude)
Swath 290 km

Fonte:
http:/www.esa.int/Our_Activities/Observing_the Earth/
Copernicus/Sentinel-2
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Sentinel 2A /B

Primeira imagem do Sentinel-2A Mildo, Italia
Noroeste da Italia e Sul da Franca

Fonte: http://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-2
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Sentinel 2A /B

Visivel — 10m Infravermelho — 20m
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Alta resolucao espacial - IKONOS

IKONOS
InstituicGes Responsaveis GeoEye
Pais/Regio Estados Unidos
Satélite IKONOS-I IKONOS-II
Lancamento SR 24/09/1999

Local de Lancamento Base da Forca Aérea de Vandenberg

Veiculo Langador Athena Athena

Falha no Langamento

Situacdo Atual ativo

Polar, circular, heliossincrona

Orbita
Altitude el [am
Inclinacéo 98,1°
Satélite 1970 1980 1990 2000 2010 Tempo de Duragdo da Orbita I
o[1[2[31[5[6[7[a[o|o[1]2[2[4]5]6[7]8]a|o[1]2]2]4[5]6[7[e[o|0[1]2[3]4]s]6[7]8[0|0[1]2]3[4[5]6[7[8]o Horério de Passagem 10:30 AM.
IKONOS-| 0
IKONOS-I B - Periodo de Revisita 3 dias

. Lancamento/Cperacgéo
. Operacéo Tempo de Vida Projetado 8,5 anos
Operac&o/Término

B Fziha no Lancamento Instrumentos Sensores PAN e MS
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Principais Aplicacbes

« Cartografia de precisao

« Planejamento urbano e regional

* Monitoramento de desastres naturais
« Levantamento de recursos naturais

« Mapeamento de uso e cobertura da terra

s Bandas Resolugio Resolugdo Resolugdo  Resolugédo Area
ensor
Espectrais Espectral Espacial | Temporal Radiométrica| Imageada
PAN PAN 0,45 - 0,90pm 1 metro 2.9 dias
AZUL 0,45 - 0,52pm faixas de
) 11 % 100 km
VERDE 0,52 - 0,60um 11 bits até
MS VERMELHO 0,63 - 0,69um 4 metros 1,5 dia 11 x 1000km
INFRAVERMELHO
PROXIMO 0,76 - 0,90um
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Alta resolucao espacial - IKONO
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Alta resolucao espacial — Planet Labs

Planet

~+-

Cobertura global
Revisita diaria

Resolucdo espacial de até 72 cm

190 SATS

-

PLANET CONSTELLATIONS

SkySat
Satellites

More to be
Dove Satellites launched in 2017

RapidEye 21 In final planned
Satellites constellation

®
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Alta resolucao espacial - Planet
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Alta resolucao espacial - Planet
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San Francisco, California | PlanetSco
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Alta resolucao espacial
Planet Labs

RapidEye
5 metros

Seward, Alaska | RapidEye | 5
m/px | RGB, NIR, red edge
bands
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Alta resolugao espamal Planet Labs
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Principals
Satélites e
Sensores
Brasileiros
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CBERS
Parceria entre INPE e CAST

1990 2000 2010
012 3 4567 389|012 3 4567890123 456 7 38785

CBERS-1
CBERS-2
CBERS-2B
CBERS-3
CBERS-4
CBERS-4A

Lancamento / Operacio
Operagao
Operagdo / Término
Falha no lancamento
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CBERS - 4A

Caracteristicas das cameras do CBERS 04A

Caracteristica WPM MUX WFI
.- NPE Acade,”/, Bandas Espectrais 0,45-0,52pm (B) 0,45-0,52pm (B) 0,45-0,52pm (B)
90 0,52-0,59um (G) 0,52-0,5%um (@) 0,52-0,59um (G)
o ‘%;9 0,63-0,69um (R) 0,63-0,69um (R) 0,63-0,69um (R)
-§? %/\ 0,77-0,89um (NIR) 0,77-0,8%um (NIR) 0,77-0,89um (NIR)
g? £ 0,45-0,90 pm (PAN)
- 2
_'g t%. Resolugdo 2m 16,5 m 55m
g I 8m
3 g
zo é" Largura da Faixa Imageada 92 km 95 km 684 km
£ S
; 5 Visada Lateral de Espelho ndo nao nac
496,,0,;9 b ':‘a‘}g& Revisita 31 dias 31 dias 5 dias
’Espacial Bras\\e‘ Quantizagao 10 bits 8 bits 10 bits
Taxa de Dados 1800.8 Mbps 65 Mbps 50 Mbps
Bruta 450.2 Mbps

Fonte: http://www.cbers.inpe.br/sobre_satelite/cameras_imageadoras_chers3e4.php
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CBER
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’?BERS-4 MUX 2015—08—09 (162/ 127)
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MUX-20150131

MUX-20150801 OLI-20151016

Site: "Chapada Gaucha”
. ; /-'\(i) 74
0.8 4

. a . / \ Lat: -15.32; Lon: -45.70
0.7 K R F ®)

o d Ve
\ @ @) e/ \, ©) 4
0.3 ‘\._ L 'Q_‘_'_’/.\‘-x/ . \‘,_

0.1 * NDVI-MUX # NDVI-OLI ~— Adjusted curve

OLI-20160425

MUX-20160225

MUX-20160920
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Amazonia-1

* Primeiro 100% nacional

* Lancado em Fevereiro/2021

«  Orbita Polar (850 km de altitude)

» Sensor WFI (3 bandas no visivel + 1 banda no NIR)
» Média Resolucao espacial (64 metros)

* Resolucao Temporal 5 dias

AMAZSNIA
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Lencois Maranhenses pelo Amazonia-1

Imagem / Image: WFI/Amazonia-1 Lencois Maranhenses, Parque Nacional/MA
Data / Date: 06-04-2021 / 2021-06-04

RGB 3 2 1 (Cor verdadeira / True color)

Cena/ Scene: 035/ 015

Autor / Author: Emiliano Castejon (DIOTG/INPE)
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Brasilia/DF pelo Amazonia-1
Imagem: WFI/Amazonia-1

Data: 11-04-2021
RGB 3 2 1 (Cor Verdadeira / True
¥ color)
S8 Cena: 035/018
# 72 Autor: Emiliano Castejon
4 (DIOTG/INPE)
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Curitiba e llha do Mel pelo Amazonia-1
Imagem / Image: WFI/Amazonia-1 Curitiba e llha do Mel/PR
Data / Date: 11-04-2021 / 2021-11-04
RGB 3 2 1 (Cor verdadeira / True color)
Cena/ Scene: 035/019
Autor / Author: Emiliano Castejon (DIOTG/INPE)
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Rio S&o Francisco/BA pelo Amazonia-1
Imagem / Image: WFI/Amazonia-1 Rio Sao Francisco/BA
Data / Date: 03-03-2021
RGB 3 2 1 (Cor verdadeira / True color)
Cena/ Scene 217 /017
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Luiz Eduardo Magalh&es/BA pelo Amazonia-1
Imagem / Image: WFI/Amazonia-1 Luiz Eduardo Magalhdes/BA
Data / Date: 27-03-2021 / 2021-27-03
RGB 3 2 1 (Cor verdadeira / True color)
Cena/ Scene: 035/ 017
Autor / Author: Emiliano Casteion (DIOTG/INPE)
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SATELITES E
SENSORES

Curso de Uso Escolar de Sensoriamento
Remoto no Estudo do Meio Ambiente

OBRIGADO!!!

Guilherme Mataveli
guilherme.mataveli@inpe.br

Séao José dos Campos
Novembro/2021
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