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Oceanography and sea lce
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SeatSat SAR

(1978)

(Radar de Abertura Sintética, banda L)

The refraction of impinging deep ocean waves by varying bottom topography in
near-shore areas is one of the major concerns of coastal engineers. This image shows
how deep ocean waves are refracted by the bottom topography west of Portugal.

Fu, L-L, Holt, B., 1982. Seasat Views Oceans and Sea Ice with Synthetic-Aperture Radar. JPL
0 10 km N \ ILLUMINATION Publication 81-120, NASA, Jet Propulsion Laboratory, California Institute of Technology,
' =—DIRECTION Pasadena, California, p. 200.

[
Ciéncias
ULisboa




SeatSat SAR
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Repeat Track
Interferometry

Two interferograms were
differenced to generate this
image, which shows
changes that occurred
between the observations.

Yellow: no change
Black: loss coherence

Other: small motions 2-3 cm
(due to watering)

Gabiriel, A., Goldstein, R., Zebker, H., 1989. Mapping small
elevation changes over large areas: Differential radar
interferometry. Journal of Geophysical Research, VOL. 94,
NO. B7, P. 9183, doi:10.1029/JB094iB07p09183.




Espetro Eletromagnético

Atmospheric

[
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Espetro eletromagnético

Spaceborne sensors for Earth remote active
sensing with electromagnetic waves

Sensors
Radar
. K X = B
Lidar
a u c L
1015 1014 1013 1012 10™ 1010 10°
100 nm 1 um 10 um 100 um 1 mm 1cm 10 cm 1m
viﬁe thermal Infrared wave length I I
Infrared Microwave
radiometers
optical -
dassilve
sensors p Microwaves: 300 MHz — 300 GHz:

sSensors (1m—1mm)

A
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Carateristicas da Detecao Remota Microondas

“All-weather”

“Day and Night”

B CCRS/CCT




Electromagnetic radiation characteristics

In physics, radiation is the emission or transmission of energy in the form of waves or
particles through space or through a material medium

In this course we are going to address systems based on electromagnetic radiation

Modelo das A radiacao é transpo‘rtada por fotdes, ou
Particulas quanta, que v,iajam a velocic‘lade daAqu e
(Planck) cuja energia e proporcional a frequéencia

de oscilacao.

Q=hf + |e=af = o=

Q é a energia de um quantum (em Joules), h a constante de Planck (6.626X10-34 J.s)
T f a frequéncia em Hz (Hertz) e c a velocidade da luz.

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Electromagnetic radiation characteristics

E : campo eléctrico; B : campo magnético; k : deslocamento

e Frequéncia (f): numero de ondas completas que passam por um
ponto por unidade de tempo (segundo)

e Periodo (T): tempo necessario para uma onda dar uma volta
completa pelo mesmo ponto




Equacdes de Maxwell

'Equagdes de Maxwell

Publicadas num artigo “On Physical Lines of Force” em 1861 (reescritas por Oliver Heaviside e Willard Gibbs , que em 1884 ).

dD D: deslocamento
VXH=—+) V-D=p
ot = E: campo elétrico
dB H: ot
CwE = _ B 7-B =0 campo magnético
dt B: indugcao magnética
d d o
Em que: V= ( Pt ) € o operador Nabla, usado
dx dy dz

Como rotacional Vx e divergéncia Ve ,
j € a densidade da corrente elétrica e p, a densidade da carga

elétrica.

Ciéncias
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Equacdes de Maxwell

Para um meio homogéneo e isotropico distante de qualquer fonte emissora, os
campos D e H estao relacionados com os campos E e B pelas expressoes:

D= eE B = uH

Deslocamento ~ Campo Elétrico

Em que:

g € a constante dielétrica ou permitividade elétrica e
u € a permeabilidade magnética.

No caso do vacuo, que € um meio linear, homogéneo e isotrdpico, as constantes
elétricas sao designadas por g4 € pe.

Ciéncias
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Equacdes de Maxwell

[
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Definigdes e unidades

Simbolo

Significado (o primeiro termo € o mais comum)

Unidade S| de medida

E Campo elétrico olt por metro
Tambem chamado de intensidade de campo elétrico newton por coulomb
Campo magnético —
Tambem chamado de inducdo magnética
B . L weber por metro quadrado,
Densidade de campo magnetico
) L volt-segundo por metro quadrado
Densidade de fluxo magnetico
Campo de deslocamento elétrico
. i T coulomb por metro quadrado
D Tambem chamado de inducdo eléfrica
) L newton por volt-metro
Densidade de fluxo elétrico
Campo magnetizante
Também chamado de campo magnético auxiliar .
H i - ampéere por metro
Intensidade de campo magnético
Campo magnético
V- Operador divergéncia
"por metro”
Vx Operador rotacional
d . ) ) "por segundo”
— Derivada parcial com respeito ao tempo
at hertz
Elemento vetoral diferencial da superficie "A", com magnitude infinitesimalmente
dA o . - metro quadrado
pequena e direcdo normal a superficie "§"
dl Elemento vetorial diferencial do comprimento tangencial a curva metro
o . . e farad por metro
Permissividade do vacuo, também chamada de constanie elétrica, uma constante
€p ) coulomb ao quadrado por newton
universal
metro quadrado
Permeabilidade do vacuo, também chamada de constante magnética, uma constante henry por metro
Ho universal newton por ampére ao gquadrado
Py Densidade de carga livre (cargas ligadas) coulomb por metro clbico
g Densidade de carga total (incluindo cargas livres e ligadas) coulomb por metro cabico
Jg Densidade de corrente livre (ndo incluindo correntes ligadas) ampére por metro guadrado
J Densidade de corrente total (incluindo correntes livres e ligadas) ampére por metro quadrado
Rede de cargas elétricas livres dentro de um volume tridimensionalV (ndo incluindo
Qs(V) . coulomb
cargas ligadas)
Rede de cargas elétricas ligadas a um volume tridimensionalV (incluindo cargas livres e
QV) & & ( g coulomb

ligadas)




Equacdes de Maxwell

. - OB
§0E=Oc>aE"+aEy+aEZ:0 VOB:O<:>an+ y+88 —
ox oy oz ox Oy Oz
I A
~ = oB 0 0O O
VXE=—— XE:—— - —

at ot |ox oy oz
E, E, E,

Q o
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Equacgdes de Maxwell

Assumindo a simplificacao anterior as equacoes de Maxwell escrevem-se como:

, dVx B g JE
“VE= - =g (o)

dV X E dB
5 oo ()

De onde resulta a equagao da onda para o campo elétrico:

—V'B = u,y £,

d°E 1 A2E
-—vE=0 @) — —c2V2E =
M2 p, =, 32 cgV'E=10
5 1
cy =
HgEyg Equac3o vetorial




Plane electromagnetic waves

Comecemos por considerar uma oscilacdo fixa no espaco (sem propagacao no espaco).

3°E
22 —
@ W S
1
c2 =
Iy Ey

o dzE 2o —
X az TUETO

¥ s Em que E é o campo elétrico e o é
e uma constante (frequéncia angular)

Ciéncias
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Plane electromagnetic waves

Uma possivel solugdo para esta equagdo é: E = E, coswt I2E

— +w’E=0
’ ~ - n dtz
Outra possivel solugao seria: E = E, sin wt

Para englobar as duas possiveis solucoes é usual representar o movimento no plano
complexo com o eixo dos xx real e um eixo dos yy imaginario. A solugao é:

E = E, (coswt +isinwt) = E;exp (iwt)

Imaginar . .
aiisy x=rcosf; y=rsinf; z=r (cosf +isinf)

e =cosy+isiny (Formula de Euler)

0

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Plane electromagnetic waves

2 2
°E ,9%E

Com propagacdo no espaco, ha direcdo z: R S
dt? dz?

0

A solugéo é: E(z,t) = E, cos(wt — kz) ‘/

(Verificar esta solucao)

Em que k uma constante relacionada com o humero de oscilacdes ao longo da direcao z. As
equacoes de Maxwell ficam entao:

B k= 2_7[ Numero de onda
E.(z.t) = E; cos(wt — kz)
7.
_<EF{:E."I:}:|:| a):—ﬂ:2-7z'-f
T
Ez {:E, t:} =0 Esta solucao representa uma onda que se propaga na direcao z

(a onda transporta a radiacao eletromagnética, neste sentido)




Plane electromagnetic waves

Outra solucdo das equacdes de Maxwell, rodada 90°, é: | Ou seja: no plano yy.

E (zt) = 0 /m[
1E,(zt) = E; cos(wt — kz) T
E,(zt)=0

A solucao geral das equacoes de Maxwell, é:

R . - Ay = A, sin(ot + ¢)

NP et we me

3 80° W° 1201507 N\ 210° | 270° | 330
‘t’j‘l I | |

f E.(z,t) = Egccos (ot — kz — @)
- Ey(z,t) = Eg ycos (wt —kz — @)
E.(zt)=0

— J

Sinuszoidal Wavsform in
ths Tim= Domain

Rotating Phasor

A diferenca de fase ¢ -, determina o estado de polarizagdo da
onda eletromagnética.




Polarizacao das ondas eletromagnéticas

A polarizacao é dada pela direcao do campo elétrico E.

@, —@, =0

o, —¢. =7 (ou —x)

T oniEoy
P=P=5 »

ghj
I
gfq

Cisncias  J030 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Polarizagdo das ondas eletromagnéticas

Por definicao, a polarizacao de uma onda eletromagnética € o plano no qual se encontra a
componente elétrica da onda.

Linear

Vertical

Horizontal

Ciéncias
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Polarizagdo das ondas eletromagnéticas

A combinacao de duas ondas linearmente polarizadas, uma vertical e outra horizontal,

de mesma amplitude e eletricamente desfasadas de 90 graus, 0, -0, _ 7 resulta em uma

onda circularmente polarizada. 2

Polarizacao Circular

Ciéncias
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Polarizacao das ondas eletromagnéticas

M (Ou lly”)

K (OU llZ”)

N -

v

h

! (Ou Ilyll)

Campo
elétrico

h (OU ((XH) /

Direcgao de
propagacao

Polarizacao horizontal
(Ex. RADARSAT HH)

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)

Polarizacao vertical
(Ex. ERS-1/2 VV)




Polarizagdo das ondas eletromagnéticas
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Polarizagdo das ondas eletromagnéticas
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Interferéncia

Interferéncia

Fenomeno caracterizado por uma variacao da intensidade (espacial ou temporal)
da radiacao eletromagnética na sequéncia da sobreposicao de duas ondas
eletromagnéticas com a mesma frequéncia e que se propagam na mesma
direcao. A intensidade nao € igual ao somatorio das intensidades de cada uma

das duas ondas.

Interferéncia » Fontes coerentes

fontes que emitem radiacao
eletromagnética com uma diferenca de
fase constante no tempo (ou no espaco).

Exemplos de fontes coerentes sao: LASER RADAR




Interferéncia

Coeréncia diferenca de fase observada no instante t entre os
- pontos P1 e P2. Se essa diferenca de fase se
mantiver constante no tempo fala-se em coeréncia
espacial perfeita.

t e t+At. Se, por um dado At, essa diferenca de fase
se mantiver constante, por cada t, fala-se em
coeréncia temporal perfeita.

Coeréncia diferenca de fase observada no ponto P nos instantes

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)



Interferéncia

S1 B 52
As duas fontes punctiformes S1 e S2 sao
coerentes e monocromaticas de frequéncia f.

O plano AA’ é paralelo ao plano que contém
as fontes S1 e S2.

A distancia H € muito maior do que a
separacao B entre as fontes.

AI

O campo elétrico total no ponto P (com posicao x) € dado por

t ry

t r
El{ri!t} +E; {:rz:t} = EyCOS (ET[ (% — I) + ipl) + E,JJEEIJS{:ET[(¥ — f) + ;)

Recordando que: ERERS

(sabendo que ®w=27t/T e k=2mn/A)

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)



Interferéncia

O somatério de duas ondas de amplitude E, é dada por:

t r t r
E,(ry,t) +E,(r,,t)~E, {cus (En (f — f) + tpl) + cus{zn(f — f) + Lpz}}

Nestes condicdes observam-se sobre
o ecrd AA " areas iluminadas e areas d_-- )

! [ -
obscuras alternadas (as chamadas o 'FI ] J }-:: - %

franjas de interferéncia): *r- -------

E*> E? 2
I~ —0+—°-00{—”-['3 ~n]~lo ~, ]j Visao frontal
Z, Z, A niiisﬁiﬁm;"i'

de interferéncia

Z, - impedancia

Ciéncias 3 4



Interferéncia

No caso da interferometria radar a interferéncia € observada ao nivel da fase (e
nao da intensidade) sendo esta dependente da morfologia do terreno ou das suas
variacgoes.

Usando a notacao complexa para o campo elétrico

O termo de interferéncia é dado por

t 1

By Ej = Eoy - T i) g, ot (mlr]r0) o g2 ot (T mral-t02-0)




Interferéncia

E = E; (coswt +1 sin wt) = Ejexp (iwt)

E0=\/a2+b2

O argumento (angulo 0) do numero complexo z fornece a informacgao contida no interferograma SAR.

s =rel® = E, B} = |Ey|? - e (T lre-ril=[2-611)

2
9=7n-[r2—r1]—[¢z—¢1] s1 B

$1—¢,=0 ‘

Diferenca de fase constante devido a

et

coeréncia das fontes de radiacao 277 rl r2
Electromagnética e a coeréncia espacial g = ——. [7-1 — TZ] :
A |
|
H:
No caso da medig¢do se AT |
realizar ao nivel do sensor 0 = T [ry — 73] A * P A
entdo em vez de r estamos a X
C medir a distancia 2r DE—

Ciéncias 3 6
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Interferéncia :: Sintese

[
Ciéncias
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E = E; (coswt +1isinwt) = Ejexp (iwt)

Z =0 + lb EO — 1/a2 _I_ bz Imaginary
axis
b
6 = tan™! (—) T 5
‘ h § e z=x+1y
P
\2\ II
8 Real
7 = reie — El . E; — |EO|2 . ei'(ZTn'[TZ_Tl]_[(pz_d)l]) 0 ."C >  axis
4
0=——:[rn—r
1 1y 2]

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt) 37



Interferéncia

[
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Interferometria SAR
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Passive and active Remote Sensing

e active

SPOT 5
(optical satellite)

TerraSAR-X
(radar satellite)

Further Examples: Further Examples:

Non-imaging: radiometer, magnetic
sensor

Non-imaging: radiometer,
altimeter, laser

Imaging.: cameras, optical
mechanical scanner, spectrometer,
radiometer

Imaging: Real Aperture Radar,
Synthetic Aperture Radar

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt) 40
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Passive Remote Sensing

A energia das microondas registada num
sensor passivo (radidmetro) pode ser:

1. Emitida pela atmosfera

2.Reflectida pela superficie

3. Emitida pela superficie

4. Transmitida pela superficie

& CCRSJ/CCT

Como o c.o. é “muito grande”, a energia disponivel € muito pequena quando comparada
com os c.0. Opticos.

Por isso o elemento resolugcao no terreno deve ser suficientemente grande para que a energia
seja suficiente para ser detetada ao nivel do satélite. Os sensores passivos microondas
(radidmetros) sao caracterizados por uma baixa resolucao espacial.

[
Ciéncias 4 1

ULisboa




Passive Remote Sensing

Soil Moisture and Ocean Salinity (SMOS

.‘ I - [ ] [ ] [ ]
14
40°N 0
130
&N 120
QTR 3 110
30°N ‘ Ay *a A : 1
4 2 NN 100 _
ST | : £
25°N " 9 E
80
20°N
70
o]
15°N 50
10°N 50
40

o .
>N 80°E 90°E 100°E 110°E 120°E 130°E 140°E 150°E

SMOS’s microwave radiometer captured wind speed readings from three different typhoons during 10-15

. October 2013. The image shows wind speeds up to 140 km/h (dark red) for Cyclone Phailin (left), Typhoon

c Nari (middle) and Typhoon Wipha (right). Pixel size 43 km I
Ciéncias
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SMOS maps Europe's dry autumn soils / SMOS / Observing the Earth / Our Activities / ESA

Soil Moisture map of Europe - November 2011

Wetter

T
-

Drier
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Active Remote Sensing

RADAR is an active sensor, transmitting its
own energy, and then measuring the return
scattered by the earth’s surface back to the
satellite’s antenna.

The data for a RADAR image is collected by a satellite
with a side looking antenna, which transmits a stream
of radar pulses and records the backscattered signal
corresponding to each pulse.

E CCRS FCCT

RADAR (Radio Dectection And Ranging)




Formacgao das imagens RADAR

SAR
satellte

transmitted/
received signal

R = Time delay/2
x Light Vel.

- !

k a"lqgle
A}

5 “ T ox fysische
T S S el antenne

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Radar antenna

Pulses sweeping
across swath

45



Formacgao das imagens RADAR

Radar Measurement Principle
Radar Principle

| Range distance r, |

I I
Transmit pulse c, (velocity of light)
-—-.I-;-------A----A----m—------------------------- mrmsmmsm =i g
Echo I:l object
(@é L —
D)
» Received echo signal (back-scattered signal of imaged object):
Radar system
A
Total time delay =
I I
I ° I
// t (time)
transmit receive
C
Cisncias  J030 Cataldo Fernandes (jcfernandes@fc.ul.pt) 46
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Interagcdao com a superficie

Number of cycles
(actually billions!) Resolution element

Contribuicdo individual

»Re Re

S1 = AB' e(i¢3). e(_j(%r)'r)

Backscattered
phase do elemento

Image Pixel 1 Image Pixel 2
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Active Remote Sensing / SAR image

[
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Active Remote Sensing

Advantages compared to optical remote sensing

W all weather capability (small sensitivity of clouds, light rain)

® day and night operation (independence of sun illumination)

B no effects of atmospheric constituents (multitemporal analysis)
M sensitivity to dielectric properties (water content , biomass, ice)
W sensitivity to surface roughness ( ocean wind speed)

B accurate measurements of distance (interferometry)

B sensitivity to man made objects

msensitivity to target structure (use of polarimetry) Inconvenients

B subsurface penetration

B complex interactions (difficulty in understanding, complex processing)
B speckle effects (difficulty in visual interpretation)
® topograhic effects

m effect of surface roughness

Sibnsies 50



Geometria e Resolugao
Angulo Angulo entre o feixe radar e a
Incidente (A) superficie do terreno. Aumenta na

direcao do “range” (incidence angle).
Angulo de E 0 4ngulo de iluminacdo da
vista (B) superficie (view angle).

Slant Range(C) A distancia entre o sensor e o alvo na superficie medida
° ao longo da linha de vista (Line Of Sight, LOS)

(distancia inclinada)

Distancia projectada no terreno a partir da
Ground Range(D) “elant” rarllggeJ P

Cién:‘i :: 5 1




Geometria e Resolugao

resolucao de
um pixel numa
imagem radar?

| Azimuth direction
3 Qual a

Range direction




Resolugao em Azimute

R ~ Para uma antena de largura L |

Abertura angular

\ Comprimento de
Y /’LK/ onda
O ==

YR

"~ Largura da antena

AR
r=— ‘Quanto maior a antena mais fina é a resolugdo

Exemplo:
Para uma antena de 10m e c.o. de 5 cm (banda C) a resolugao em azimute é
de 5 km

[
Ciéncias 5 3




Resolugao em Azimute

[
Ciéncias
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800 km

H=

Azimuth direction

Range direction

Transmitted
pulses

f, =5.3 GHz
&
\*..
P
Q.-‘b

Azimut
=5km

h. resnlui

on
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Resolucao em Range

A resolucao em range € dependente do
comprimento do pulso (P) na direcao do “slant
range”.

Dois alvos sdao separaveis se a sua separacao

é superior metade do comprimento do pulso

12 3 4 Ar
B CCRSTICET

Resolucdo slant range

A resolucao em “slant range” é constante (e independente da altitude do voo)
enquanto que a resolucao na “ground range” é variavel e dependente do angulo de
incidéncia. Objectos 1 e 2 nao sao separaveis, mas os objectos 3 e 4 sao.




Resolucao em Range

Ar = cr - slant range resolution
0 2
Ct 1 )
R =— - ground range resolution
H ar "2 sne ¢ £
/ T
P \/./ ERS: Band width 15.5 MHz
’ Slant Range resolution =9.6 m
Ground range resolution = 24.7 m
5} - look angle
H - spacecraft height
B - bandwidth of radar TRX: Band width 150 MHz
T - pulse length  1/B Slant Range resolution = 1.0 m
€ - speed of light (sar_summary.pdf) Ground range resolution = 2.9m

l

PRF = 1.640 - 1.720 kHz
C
56
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PRF = 2.0 - 6.5 kHz

Ciéncias
ULisboa



Aumento da Resolugao

Resolucio Pode ser aumentada usando pulsos com menor comprimento,
em Range 0 que pode ser conseguido dentro de certos limites da

engenharia.

ReS°'_U950 Pode ser conseguida aumentando o tamanho da antena.
em Azimute

Contudo o tamanho das antenas é limitado a 10 ou 15
metros.

Criacao de uma antena sintética : Synthetic Aperture Radar (SAR)

(proposto por Wiley, 1954 e demonstrado por Graham em 1974)




Radar de Abertura Sintética (Synthetic Aperture Radar, SAR)

Os ecos obtidos das posicoes X, X, .. X, sao
registados coerentemente (amplitude e fase)
em funcao do tempo.

A distancia entre a primeira posicao
registada e a ultima determina a abertura
sintética da antena L.

Este método é designado por:

Synthetic Aperture Radar
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Synthetic Aperture Radar

Azimuth

Raw data After range compression Detected image

[
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Distorcao das imagens SAR

Causas da distor¢ao nas imagens SAR:

facto de haver apenas a a geometria de aquisicao
medicao de uma distancia com uma visada lateral,

B CCRS/CCT




Distorcao devida ao relevo

A distorcoes devidas ao relevo sao unidimensionais e ocorrem perpendicularmente
a linha de

E CCRS/CCT

- D A B wcersicor
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Distor¢ao devida ao relevo

Slant Range

|
'
= Foreshortening

BT

FO%ESADRTENWG
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Distorcao devida ao relevo

Image ® 2015 DigitalGlobe

Gray Buildings ® Urban Redevelopment Authority
©2015 Google

Image © 2015/CNES / Astrium

4 T 4.

=
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O gque mede o Radar?

What does the Radar measure ?

« Radar reflectivity (backscattered signal) of targets as a function of their position

« radar transmits a pulse
(travelling velocity is equal
to velocity of light)

- some of the energy in the radar pulse is
reflected back towards the radar.

This is what the radar measures.

It is known as radar backscatter G

(sigma nought or sigma zero).

Cisncias  J030 Cataldo Fernandes (jcfernandes@fc.ul.pt) 64
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Backscattering coefficient (coeficiente de retrodispersao)

What does the Radar measure ?

- Normalized radar cross-section (backscattering coefficient) is given by:

O, (dB) = 10. Log,, (energy ratio)

whereby Isotropic

scatterer

received energy by the sensor
“energy reflected in an isotropic way”

energy ratio =

The backscattered coefficient can be a positive number if there is a focusing of
backscattered energy towards the radar

or

The backscattered coefficient can be a negative nhumber if there is a focusing of
backscattered energy way from the radar (e.g. smooth surface)

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Backscattering coefficient (coeficiente de retrodispersao)

Backscattering Coefficient o

Levels of Radar backscatter Typical scenario

* Very high backscatter (above -5 dB) Man-Made objects (urban)
Terrain Slopes towards radar
very rough surface

radar looking very steep

« High backscatter (-10 dB to 0 dB) rough surface

dense vegetation (forest)
* Moderate backscatter (-20 to -10 dB) medium level of vegetation
agricultural crops

moderately rough surfaces

« Low backscatter (below -20 dB) smooth surface
calm water, road

very dry terrain (sand)

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Que informagao extraimos da imagem SAR?

Incident electric field
Ei

O sinal transmitido tem as seguintes carateristicas:

= Amplitude
= Fase e referencia temporal BFC}:S-’C?“?(ZES

. ~ electric Tie <
= Polarizagao

= Comprimento de onda ou frequéncia

Ciencias 1030 Cataldo Fernandes (jefernandes@fc.ul.pt)



Mecanismos de scattering (dispersao)

A importancia relativa destas contribuicdoes depende da:

(Surface
Roughness)

Todos estes factores dependem de:

68



Surface scattering : efeito da rugosidade e humidade
Smooth surfac:i’\_\_é &\\[% Rough surface
MAAMASAANAANN

e
rl Erl

A rugosidade da superficie (relativamente ao comprimento de
onda) condiciona o padrao da dispersao.

€., > €. Mmedium 2 is wetter than medium 1

A AL

Wetter media €. Ep

A constante dieléctrica (humidade do solo) condiciona a
intensidade do sinal retrodisperso.

Cién:‘i :: 6 9




Surface scattering : efeito da rugosidade e humidade

RADARSAT
(C band, HH, 45°)

Quaternary lithology:
Bathurst Island, Canada

From : RADARSAT Geology Handbook

Mud fragments (smooth surface) Limestone mmmp Higher backscatter
mmp [Ow radar backscatter because of rougher surface
(marga/argila) (calcario)




Surface scattering : efeito da rugosidade e humidade

0 T 1 T

E "

B +-5

g s 3

- >

8 E

E’ = =10 E

g 10 Frequency: 4.5 GHz -

= Polarization: WV o=

et - Angle of Incldence e: 20°

E B Sulllﬂgughness {rms height @)

®1.2cm
[~ ®5.2cm —-15
=15 A 9,7 Cm
1 . 1 1
0 0.1 0.2 0.3 0.4
volumetric Molsture my (g cm-3)
(Humidade)

Resultado experimental realizado .
com um “scatterometer” Campos irrigados tém maior

backscatterer
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Propriedades dielétricas da agua

| I 1 ! !
-~ 10cm tor Fresh Water, f; = 1.43 GHz

i
oo

=
T

i
Lo
Profundidade (cm)

=
L
[}
©
O
2
©
[
>
[
(@]
—
a

I | |
20 25 30

Salinity, ppt.

A profundidade de penetracao do sinal na agua depende das propriedades dielétricas da agua e do

comprimento de onda do sinal Radar.
L:1.25 GHz

As propriedades dielétricas dependem da salinidade e da temperatura. €:>.30 GHz
T X :10.0 GHz
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Surface scattering : efeito da rugosidade e humidade na agua

[
Ciéncias
ULisboa

Enhanced
backscatter

Smooth surface (light

< wind)

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)

Rough surface (stronger wind) 1

ASAR, 2.10.2011
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Bragg’s scattering

As ondas de Bragg sao ondas com comprimento de onda proporcional a
metade do comprimento de onda do sinal para angulos de incidéncia
entre os 20 e os 50 graus.

60 10
aof
420 =
— =
i 20} L E
- 40l
/1 < 10 60 F:—E'q
) & 8f S Jso &
Agp = =sin6 S sf 1" §
2 4200
& 2f X =
;:%j _ 400 %B
. L 600 &
ﬁB comprlmentolde.: or.l(cjla | osf Ku 00
e Bragg, 0 angulo incidencia L
Incidence Angle 8[°]

5cm
1.25cm = > sin 30
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Efeito da rugosidade e humidade na agua

‘@ Canadian Space Agency (2002) %,
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Volume scattering

Designamos por volume scattering quando o feixe radar penetra o topo de uma
superficie e ocorre a dispersao por multiplas reflexdoes entre os elementos no interior
do volume.

Single and multiple scattering




Volume scattering: penetragcdo nas arvores

Qual a dimensao dos scatterers numa dispersao volumica.

R (g
-
"wat:?j:/: .-

o T — ..
5 ___q,,,r ¥
N ey
Ry P

A\ \“\:ﬂ]’_

X band L band P band VHF

Austrian pine Yo A—27 em A—70 & A>3m

Os principais scatterers sao os elementos com dimensao idéntica ao comprimento
de onda.
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Volume scattering: penetragcdo nas arvores

[
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Scattering vs Wavelength

Light interacts most L (24 cm) C (6 cm) X (3 cm)
strongly with objects on . \
the size of the wavelength \\\\\:_\ . \\}\f\ .
Forest: | eaves reflect X-band A Salrie
wavelengths but not L-band m
N\
Wl W

\\\‘ AR SR \\ AL AN

AL AL

Dry soils: Surface looks AR
rough to X-band but not L- S ‘

band

Ice: Surface and layering look
rough to X-band but not L-band

(adapted JPL, 2010)
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Speckle

A, B

S OCRE{ CCT

O speckle € causado pela interferéncia destrutiva e construtiva de muitos ecos
de dispersao que ocorrem numa unica celula.




Speckle

Constructive
speckle

Destructive
speckle

& copyrmight CHNE:

SAR image pixels

As células sdo feitas de dispersores com diferentes valor de fase causando interferéncia e o speckle
(efeito tipo ruido).




Speckle

Speckle noise is multiplacative, i.e. | = X - N, where X is the SAR “signal”, N the speckle noise and | the noise
SAR image

Bright SAR signal Dark SAR signal
- —> High speckle noise —> Low speckle noise

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Mitigagcao do Speckle

Multiplicative noise means the higher the SAR signal at pixel (x,y) the higher the noise level.

l(x,y) = X(x,y) ® N(x,y)

where
| = noisy SAR image

X = SAR amplitude
N = speckle noise

Noise speckle has a mean value py =1 and variance v = 1/L with L the number of looks

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt) 85



Mitigacdo do Speckle

SAR images are filtered to reduce the impact of the speckle phenomenon and facilitate their analysis
(visual or quantitative)

Usually speckle filtering algorithms use a moving window sliding over the SAR image to provide the
filter image X, -

The following quantities are defined:

Ly  =mean value of X; Ly = mean value of N
Sy = standard deviation of X; Sn = standard deviation of N
Vy,  =variance of X; Vy = variance of N

They estimated within the moving window. The mean value, standard deviation and the variance of
speckle noise are known in advance and depend only on the number of looks L equal to the window
dimension.
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Mitigagcao do Speckle

A reducao do speckle pode ser conseguida de duas formas:

Processamento Multi-look Filtro Espacial

e O filtro espacial consiste numa pequena
5 janela de alguns pixeis (ex. 3x3, 5x5)

' sobre cada pixel na imagem,
calculando a média ou qualquer outro
valor (filtro) e substituindo o pixel
central por este novo valor.

Nao-adaptativo: Mediana e média
Adaptativo: Lee, Frost

_ o _
f,j—ff =Iy+ — (r,_;. — r.;.},
[ Iyoi + 0y
C'én:‘i:: 87




Filtros Espaciais

Median filter

A 3x3 window is
used. The value of
pixel at the center
of the window is
updated with the
median value of
SAR amplitudes of
the window pixels.
Larger windows
could introduce
artefacts in the
filtered SAR image.

HH image 400 x 400 pixels (of 12.5m)

[
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Filtros Espaciais

Filtros de Lee, Lee Refined, Frost ...

This filter update the value of pixel at the center of the window
with the mean value of SAR amplitudes of all pixels within the
moving window according to a given function (implementada
num kernel de dimensao NxN).

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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Efeito do Multilook

0.8 T T ] I T T |

Pdf of amplitude image for a
given backscatter value. The
distribution is narrower with an
Increasing number of looks

Quer o
processamento
multi-look quer o
filtro espacial sao
feitos a custa da
diminuicao da
resolucao da
imagem.

Pdf of amplitude A

) 10




Polarizacao

A polarizacao de uma onda refere-se a orientagao do
campo eléctrico.

Os radares sao construidos para transmitir
radiacao microondas com polarizacao Horizontal
(H) ou Vertical (V).

@ CCRSJCCT

As antenas recebem a energia backscattered com polarizagao
horizontal ou vertical e alguns sensores recebem ambas. Podemos
assim ter as combinacoes:

Q HH - Transmissao e recepg¢ao Horizontal,

a VV - Transmissao e recepcao Vertical,

0O HV - Transmissdo Horizontal e recepgdo Vertical Polarizagao
Q VH - Transmissao Vertical e recepgao Horizontal cruzada




Polarizacao

e VV (direita)

Polarizacao HV
Composicao

colorida

HH - Red,
VV - Green,
HV - Blue

[
Ciéncias 9 2

ULisboa




o
O
©
Q
(7p]
L
(@)
| -

>

i

S~
(@)

A0
On
(L]
N
| -

0
(@)
(a1

HH (magenta) and VV (green) images
400 x400 pixeis
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Missoes Microondas
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SMOS

The SMOS mission is a direct
response to the current lack of
global observations of soil
moisture and ocean salinity,
which are needed to further
our knowledge of the water
cycle, and to contribute to
better weather, extreme-event
and seasonal-climate
forecasting.

Variability in soil moisture and
ocean salinity is due to the
continuous exchange of water
between the oceans,
atmosphere and land — Earth's
water cycle.

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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SMOS [Soil Moisture and Ocean Salinity)
is one of ESA's Earth Explorers dedicated to
capturing ‘brightness temperature’ images

of Earth's surface DDU

iy
It is the first mission to provide global
observations of the temporal and spatial
variability in seil moisture and sea surface
salinity, which are driven by the continuous
@ exchange in Earth's water cycle between
the oceans, atmosphere and land f-.;,”_

These key geophysical parameters—soil moisture

for understanding hydrometeorological processes and salinity
for understanding of ocean circulation—are both vital for
climate change studies. Its images are used to derive global
maps of soil moisture and sea surface salinity every three
days, at a spatial resolution of about 50 km

Since the beginning of the SMOS mission,

around 24.2 million products have been downloaded
from ESA's SMOS dissemination service, by more than
1700 active users, for a total volume of 920 TB of data

»
4
il
-
2

https://smos-diss.eo.esa.int/oads/access

esa

SMOS carries the first spaceborne microwave interferometric
radiometer [MIRAS] to measure Earth's surface radiation at 1.4 GHz

Launched 2 November 2009, initially 2 o
designed as a five-year mission, it is still ¥ * A °
delivering key information to advance +' h gk
science and data used in various practical e # +
applications, such as weather forecasting o T

Going way beyond its original scientific aim of

delivering critical information to understand Earth's
,3‘7 ‘ water cycle, SMOS continues to demonstrate

its suitability for new uses. Some examples include:

providing information to measure thin ice floating
in the polar seas accurately enough for forecasting
and ship routing

measurements of severe winds over oceans

to support tropical cyclone monitering

and forecasting

measuring the solar flux to support space weather
applications and solar science studies

The PROTEUS spacecraft platform SMOS utilises

was designed and built by CNES and Alcatel Alenia @
Space, while the MIRAS instrument was designed
and built by a consortium of 20 European companies,
led by EADS-Casa Espacio [now Airbus)

2
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The mission objectives are:

(1) To provide global volumetric soil moisture estimates
with an accuracy of 0.04 m3m-3 at a spatial
resolution of 35-50 km and a temporal sampling of
1-3 days and

(2) To provide global ocean salinity estimates with an
accuracy of 0.1 practical salinity scale units for a 10-
30 day average for an open ocean area of 200 x 200
km2,

(3) to provide daily sea ice thickness estimates based on
MIRAS observations for the Northern hemisphere
with a spatial resolution of a 10.000 km2 up to
maximum values of 50 cm.

The SMOS mission is based on a sun-synchronous orbit (6am/6pm). SMOS measurements are made over a range of
incidence angles (0 to 55°) across a swath of approximately 1000 km with a spatial resolution of 35 to 50 km. MIRAS can
provide measurements in dual and full polarization, with the latter being its present operating mode.

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)
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SMOS
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MIRAS

The Microwave Imaging Radiometer using Aperture Synthesis
(MIRAS) instrument is a passive microwave 2-D interferometric
radiometer (L-Band, 1.4GHz, 21 cm) onboard the SMOS
satellite.

It picks up faint microwave emissions from Earth's surface to
map levels of soil moisture, sea surface salinity, sea ice
thickness and others geophysical variable such as wind speed
over ocean and freeze / thaw soil state.

MIRAS consists of a central structure and three deployable
arms.

The 69 antenna elements (LICEF receivers) are equally distributed over the three arms and the central structure. Each
LICEF is an antenna-received integrated unit that measures the radiation emitted from the Earth at L-band. The acquired
signal is transmitted to a central correlator unit, which performs interferometry cross-correlations of the signals.

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)



MissOes com sensors activos

Spaceborne SAR Systems

SEASAT
NASA/IPL (USA)
L-Band, 1978

SIR-C/X-SAR
NASA/IPL, L- and C-Band (quad)
DLR / ASl, X-band 1994

ENVISAT / ASAR
European Space Agency (ESA)
C-Band (dual), 2002-2012

ERS-1/2
Euwropean Space Agency (ESA)
C-Band, 1991-2000/1995-2011

RadarSAT-1T
Canadian Space Agency (CSA)
C-Band, 1995-2013

ALOS /PALSAR
Japanese Space Agency (JAXA)
L-Band {quad]), Jan. 2006-2011

J-ERS-1
Japanese Space Agency (JAXA)
L-Band, 1992-1998

Shuttle Radar Topography Mission (SRTM)
NASA/JPL (C-Band), DLR (X-Band)
February 2000

P i

SAR-Lupe
BWE, Germany
5 satellites, X-Band, 2006/2008

Spaceborne SAR Systems

RadarSAT=Il TerraSAR-X/TanDEM-X
Canadian Space Agency (CSA)
C-Band {quad), 2007

COSMO-SkyMed

DLR {Astrium, Germany ASI, Italy

X-Band (quad), 200772010 4 Satellites, X-Band {dual),
200712010

SENTINEL-1aib
ESA, Europe
C-Band (dual), 2014/2015

HJ=1C =SAR RISAT-1
CRESDA/CAST/NRSCC, China Indian Space Agency (ISRO), India
S-Band (HH or W), 2013 C-Band (quad), 2012

CET At
Radarsat Constellation 7-3
CSA/MDA, Canada
C-band (dual), 2016/2017

ALOS-2 SAQCOM-1/2
Japanese Space Agency (JAXA) CONAEIASI, Argentina
L-Band (quad), 2014 L-Band (quad), 2016/2018

Kompsat-5
KARI, Korea
¥-band (dual), 2013

PAZ
Ministry of Defence, Spain
X-Band [quad), 2014

BIOMASS
ESA, Europe
P-Band {quad), 2019

C
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Satellite Agency Frequency - Resolution - Special
Polarisation Swarh
JERS 1992-1998 JAXA L-HH 25m 35° incidence
100 km
ERS -1 1991-2000 ESA C -VVv 25 m Interferometry
ERS -2 1995-> 100 km (ERS-1/2)
CSA C -HH 10 -100 m Multi-incidence
RADARSAT -1
1995-> 2013 45 - 500 km
ENVISAT - ESA C -HH/VV/HV | 25 -1000 m | Multi-incidence
2002> 2012
ASAR 2 50 -500 km
ALOS - T JAXA L - Polarimetric 10-100 m | Multi-incidence
PALSAR 100 - 350
km
TerraSAR -X 2006 -> DLR X - 1-16 m Multi-incidence
Polarimetric 5=100 km

... and SRTM/X-SAR, RADARSAT-2 (CSA), COSMO-Skymed (ASI Italy),
Tandem-X, Sentinel-1

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)
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| -C-band

.Y y
h"t-\ .__"' S AR Antenna
wWind Scatterometer ™ s - T

Antemnae
e S

ATSRE-Microwaves Sounder
8 ATSE-Infra-red
Eadiometer

Laser Retro-reflector

PRARE

‘Moderate Swath & Resolution
«Single Polarisation (VV)
*Successful Operations
‘Excellent Data Quality
*Application Development
Emerging Market



ENVISAT

O Largest European satellite & largest worldwide EO satellite:
- unique combination of 10 instruments addressing land, ocean,
ice and atmosphere studies,
- instruments working nominally, except MIPAS instrument

O Satellite OK with Iurﬂerm operations capabilities:
_ fuel available (about 5 years)
: REp OF.9% . L
- Sk P ..-.___W_Tj*. i W ; ; '.'.-'f::"iﬂr .
| - -*;.' N il |

Sducts ggm?ame

r day

1 AL

e
O Nominal lifetime (5 years) EﬂdS in Mhﬁ 201}7

- but operations funding until end 2010

g
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Wave VW or HH

€—— | < 10m resolution (SLC)

ExGkmto 10x5 km
vignettes

Image VV or HH
< 30m resolution

up to 100 km swath

Alternating Polarisation
VV/HH or VWVH or HHHV
30m resolution
up to 100 km swath




ENVISAT
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ENVISAT mission:

Global air
pollution

- a ETEY
I M Prestige tanker
. oil slick

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)

10 years

Hurricane T 4000 tific projects and
Kamna ional users. Many

onitoring

W "R R WS,
Envisat Living Planet
‘Symposium Symposium }\\;\
Montreux (CH) Bergen (N) , A

Apr07 Jun 10

and many workshops dedicated to specific Envisat user communities
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RADARSAT

Launched in November 1995, RADARSAT-1 provides Canada and
the world with an operational radar satellite system capable of
e timely delivery of large amounts of data. Equipped with a
R Caflla’s Earth powerful synthetic aperture radar (SAR) instrument, it acquires

W\ . ; , . .
Ve Y Observation Satellite images of the Earth day or night, in all weather and through
H;é cloud cover, smoke and haze.

RADARSAT-Z All beam modes e s i ; i | Subsatellite Track
are avallable as right- . i i . 5 : : El'mi:gdﬁe:ag}

or left-looking

i ; | 5,53 sip  Extended Beams

Langado em 2007 ' i Fine- x (High incidence)

Resolution

Beams

Beams Multi-Look Fine Resolution
500 km Standard Beams Fine Quad-Pol
f“dndafg umg;h'ld'lhj (reduced swath widih)
Q Ultra-fine  (reduced swath wi

Resolucao 3m Bosms

C
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RADARSAT

RADARSAT provides routine
surveillance of the entire
Arctic region.

This helps track sea ice
distribution, identify various
types of ice, and produce
daily ice charts.

The information is used for
planning safe shipping routes
and supply operations for
offshore exploration
platforms or ocean research
stations.
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ALOS - PALSAR

L Band (1.25 GHz)

Lancado em 2006

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)
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ALOS - PALSAR

LAquila,
2009

ALOS differential infe
on L'Aguila earthguake

surface displacement beat
2008-07-02 and 2009-05-2

bperp = 662m

ALOS differential interfero
on LAquila earthquake

surface displacement bet
200-03-02 and 2009-0£-72

bperp = 464m
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SAOCOM

SAOCOM

Satélite de Observacion de la Tierra

"~ Instrumento
SAR banda L polarimétrico

Peso
3.000 Kg

Dimensiones

4.7m de alto x1,2m de didmetro

Dimensiones de antena (desplegada)

35m2

Vida atil

5.5 afos

Orbita

Heliosincrdnica

https://saocom.invap.com.ar/

Ciéncias
ULisboa

Altura
620 km

Ancho de barrido
20 a 350 km

Resolucién espacial
10a100m

Revisita

16 dias (un solo satélite), 8 dias (para la constelacién)

Lanzador

Falcon 9 / SpaceX

MAS INFORMACION




SAOCOM - Lisboa - Tejo




TERRASAR-X (DLR)

Bistatic Mode Monostatic Mode

C
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COSMO Sky-Med

COSMO-SkyMed (COnstellation of small Satellites for the Mediterranean basin Observation) is an Earth observation
satellite system funded by the Italian Ministry of Research and Ministry of Defense and conducted by the Italian
Space Agency(ASl), intended for both military and civilian use.

Wide Field MNarrow Field
SCANSAR SPOTLIGHT
HUGEREGION SPOTLIGHT1
200 x 200km (Clazsified)
100m picel

SPOTLIGHTZ2
WIDEREGIOMN 10 % 10 km
100 x 100 km im pixel
J0m pixel
STRIPMAP
HIMAGE
40 X 40 km
3—5m pixel
PINGPOMNG
30 x 30 km
15m pixel

With 4 satellites up to 1800 images per day

Daily scenario example:

* 300 Spotlight-2 = 30,000 km?® at 1m resolution
And

+ 1,500 Stripmap = 2,400,000 km?® at 3m resolution

COSMO-SkyMed coherence image Mount Etna

[
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NISAR (NASA-ISRO SAR )

C

Ciéncias
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Planned Launch Date: 2023

The NASA-ISRO SAR (NISAR) Mission will measure Earth's
changing ecosystems, dynamic surfaces, and ice masses
providing information about biomass, natural hazards, sea
level rise, and groundwater, and will support a host of
other applications.

NISAR will observe Earth's land and ice-covered surfaces globally with 12-
day regularity on ascending and descending passes, sampling Earth on
average every 6 days for a baseline 3-year mission.

Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)

Mission Characteristics

Orbit Altitude

Orbit Inclination

Repeat Cycle

Time of Nodal Crossing
Orbit Control

Pointing Control

Pointing

L/S Duty Cycle

Baseline Mission Duration
Consumables

Data and Product Access

Wavelength

SAR Resolution

747 km
98.4°

12 days

6 AM/ 6 PM
<500m

< 273 arcsec
Left (south)
> 50%/100
3 years

5years

Free & open

L-band: 24 cm
S-band: 9 cm

3-10 m mode-dependent
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Sentinel-1 Mission Objectives

Provide routinely and systematically SAR data to GMES Services
and National services:

Marine Monitoring (e.g. oil spill, sea ice)

v Land Monitoring (e.g. land cover, surface deformation)
v Emergency Response
v Climate Change (e.g. Polar caps incl. ice shelves and

glaciers)
v Security (e.g. vessel detection)

[
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Sentinel-1

The Sentinel-1 mission is designed as a
two-satellite constellation. The identical
satellites orbit Earth 180° apart and at
an altitude of almost 693 km. This
configuration optimises coverage,
offering a global revisit time of just six

days.

At the equator, however, the repeat

frequency is just three days and less
than one day over the Arctic. Europe,
Canada and main shipping routes are Left: Europe and European waters — IW mode, ascending orbits

covered in less than three days. over a 12-day repeat cycle (January)
Right: Europe and European waters — EW mode, descending

orbits over a 12-day repeat cycle (January)

Interferometric Wide swath (IW) and Extra Wide swath (EW) modes
(400 km swath)

Ciéncias  J0a0 Cataldo Fernandes (jcfernandes@fc.ul.pt)



Sentinel-1

[
Ciéncias
ULisboa
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Sentinel-1 Technical Facts

* C-Band SAR instrument operates at
centre frequency of 5.405 GHz

* On-board data storage capacity (mass
memory) of 1400 Gbit

« Two X-band RF channels for data
downlink with 2 X 260 Mbps

* On-board data compression using
Flexible Dynamic Block Adaptive
Quantization

* Optical Communication Payload for dat
transfer via laser link with the GEO
European Data Relay Satellite (ERDS)
system

The ESA Earth Observation Program |[Pag. 17
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Sentinel-1

Sentinel-1 SAR Imaging Modes (1/3)

~ﬁ> * Polarisation schemes for IW, EW & SM:

Flight Direction

v" single polarisation: HH or VV
v" dual polarisation: HH+HV or VV+VH

Sub-Satellite Track

*» Wave mode: HH or VV

Orbit Height
~ 700 km

* SAR duty cycle per orbit:

- %55 | v' up to 25 min in any of the

__ . imaging modes
‘:B - . ' © Extra Wide Swath
.% Shio Map Mode (EW)
\ Mode (SM)

Main modes of operations: IW and WV

v up to 74 min in Wave mode

Interferometric Wide
- Swath Mode (IW)
c ~ - The ESA Earth Observation Program |Pag. 18 European Space Agency
Ciéncias  J0a0 Cataldo Feri 119
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Sentinel-1
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Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)

Interferometric Wide swath mode, the default mode over
land, has a swath width of 250 km and a ground resolution of
5 x 20 m. (TOPSAR, burst)

Wave mode acquisitions - which can help to determine the
direction, wavelength and heights of waves on the open
oceans — are 20 x 20 km, acquired alternately on two
different incidence angles every 100 km.

There’s also the potential for operating it in two additional

modes: Stripmap (5m x 5m) and Extra Wide Swath (20m
X 40m).

Extra Wide-swath mode covers an ultra-wide-swath
width of more than 400 km at medium resolution
(20 x 40 m on the ground). (TOPSAR)

120



Sentinel-1

Sentinel-1 SAR Imaging Modes (3/3)

Mode Access Single Look Swath Width Polarisation

Angle Resolution

Wave mode 23 deg. Range 5 m > 20 x 20 km HH or VV
and Azimuth 5 m Vignettes at
36.5 deg. 100 km
intervals
Strip Map 20-45 Range 5 m > 80 km HH+HV or
deg. Azimuth 5m VV+VH
Extra Wide Swath | > 20 Range 20 m > 400 km HH+HV or
deg. Azimuth 40 m VV+VH

Image Quality Parameters for all Modes (worst case)

Radiometric accuracy (3 o) 1 dB
Noise Equivalent Sigma Zero -22 dB
Point Target Ambiguity Ratio -25 dB

C

European Space Agency
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Sentinel-1

Sentinel-1 observation scenario

High level strategy:

-optimum use of SAR duty cycle (25 min/orbit), taking into account the various constraints (e.g.
limitation in the number of X-band RF switches, mode transition times)

*‘Wave Mode continuously operated over open oceans, with lower priority w.r.t. the other high
rate modes

- IW or EW modes operated over pre-defined geographical areas:
*  Over land: pre-defined mode is IWS

« Over seas and polar areas, and ocean relevant areas: pre-defined mode is
either IWS or EWS

* In exceptional cases only, emergency observation requests may alter the pre-
defined observation scenario, with e.g. the use of the Strip Map mode

Cigncias Jodo Cataldo
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Sentinel-1

ﬁ} SENTINEL-1A - OBSERVATION SCENARIO 28.01.2015 - 09.02.2016 (CYCLE 70)

0 EW (HH) ® EW (HH) B W (HH) ® IW (HH) ® SM (HH) * CALIBRATION SITE
© EW (HH-HV) ® EW (HH-HV) IW (HH-HV) @ IW (HH-HV) ® SM (HH-HV)
C T EW (W) ® EW (W) I IW (W) e IW-(W) ® SM (W)
Cigncias  J030 Cataldo | EW (W-VH) o EW (VV-VH) IW (VW-VH) © IW-(VV-VH) © SM (W-VH) 123

ULisboa




Sentinel-1

S-1 Product Family

Product Product
level type

GRD resolution class

S-1 core
roduct family’ m

SM v o v > =

W v v = p

EW Vv v >, 7
c WV v v

Cigncias Jodo Cataldo | .
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Sentinel-1

S-1 Product Family

LEVEL-0 PRODUCTS

*(FD)BAQ encoded, unprocessed instrument source packets, with additional annotations
and auxiliary information to support the processing

LEVEL-1 PRODUCTS

*Slant-Range Single-Look Complex Products (SLC)

— Focused data in slant-range geometry, single look with phase and amplitude information with
complete geo-reference information

*Ground Range Detected Products (GRD)

— Focused data projected to ground range using an Earth ellipsoid model, detected and multi-

o looked. Original satellite path direction preserved and with complete geo-reference information.
Ciéncias 0ao 125




Sentinel-1

Aplicacoes

Oceano e Gelo Changing lands

Cidncias Jodo Cataldo Fernandes (jcfernandes@fc.ul.pt)
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