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Cap. 7 Interferometria SAR

Topicos

Interferometria RADAR de abertura sintética (SAR)
Persistent Scatterer e analise de séries temporais

. Fusao de dados InSAR e GPS

Mitigacao dos efeitos atmosféricos

. Perspetivas para a interferometria SAR
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Radar de abertura Sintética

Oceanography and sea Ice

Advances in Oceanography and Sea Ice

Research Using ERS Observations

nature

Image of an
earthquake

ERS and VOICanlc aC‘llViﬁeS Peatiated irovm ke Joamd of Graghyscal Reseach

(1993)
ERS and SAR Interferometry




Introducao

ILLUMINATION
=—DIRECTION

(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

Publication 81-120, NASA, Jet Propulsion Laboratory, California Institute of Technology,
Pasadena, California, p. 200.
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Detecao Remota na banda das microondas
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Detecao Remota na banda das microondas
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“All-weather”
“"Day and Night”
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Passive and active remote sensing

passive 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

Malta SAR EDU



Sistema RADAR espacial

SAR

tellite
p i Radar antenna
; transmitted/

received signal

R = Time delay/2
x Light Vel.

Pulses sweeping
across swath

ground surface
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Radar Measurement Principle
Radar Principle

| Range distance r, |

Transmit pulse | ¢, (velocity of light) |
h) QQ |

» Received echo signal (back-scattered signal of imaged object):

Radar system

.r,

Total time delay =
| ° I

// t (time)

transmit receive



Interagao com a superficie

Ifn Contribuicao
Radar da superficie
sensor
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DRM

Geometria e Resolucao

DETECAO REMOTA MICRO-ONDAS

| Azimuth direction
- Qual a

resolucao de

um pixel numa
imagem radar?

Range direction

Near range

Far range
Largura da

pegada em
azimute
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DRM

DETEGCAO REMOTA MICRO-ONDAS ReSO|ugaO €m AZImUte

R Para uma antena de largura L

Abertura angular

\ Comprimento de
Y 2/K/ onda
o=

L <

"~ Largura da antena

Fr=— Quanto maior a antena mais fina € a resolucao
Exemplo:

Para uma antena de 10m e c.o. de 5 cm (banda C) a resolugcao em azimute é
de 5 km
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14:10




DRM

Resolucao em Range

DETECAO REMOTA MICRO-ONDAS

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

Dois alvos sao separaveis se a sua separacao

é superior metade do comprimento do pulso

12 3 4 Ar
& CCRS / CCT

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.
13



DRM

DETECAO REMOTA MICRO-ONDAS

Resolucao em Range

ST

H R /A\/T

look angle
spacecraft height
bandwidth of radar
pulse length 1/B
speed of light

Crt .
Ar = = - slant range resolution
Cr 1 .
R =—— - ground range resolution
2 sinf

ERS: Band width 15.5 MHz

Slant Range resolution =9.6 m
Ground range resolution = 24.7 m

(sar_summary.pdf)

TRX: Band width 150 MHz

Slant Range resolution =1.0 m
Ground range resolution = 2.9m

ERS
Azimuth =5 km
Range=25m

PRF = 1.640 - 1.720 kHz

TRX
Azimuth = 4.4 km
Range =3 m

PRF = 2.0 - 6.5 kHz

14



Imagem SAR SLC
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Geometria e fase InSAR

E ‘ s; = A.eU?s), e(_j (4Tﬂ)'R1)

s, =A".eU?'s), e(_j (%)'RZ)

(4 (4
S = SlS; — |51||52| e/ (Tn)'Rl-l_] (Tn)'RZ

Interferograma

Se ¢g = ¢’5, ou seja se nao houver alteragdo do
mecanismo de scattering da célula de resolucao.



R —————————
Geometria e fase InSAR

Orbita 2
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Interferometria Diferencial
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DINSAR Applications > Volcano deformation

» Earthquake deformation

Volcanic Hazards )
> Permafrost and Glaciar

displacement

55

Volcano Monitoring

SR




Fogo, Cabo Verde
Sentinel-1
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Earthquake deformation

" Blind fault'}
revgaled_



http://upload.wikimedia.org/wikipedia/commons/d/d3/2003_Bam_earthquake.png

Earthquake deformation

A

Napa Valey

earthquake,
24 Agosto 2014




RockGlaciar movement

Peninsula Hurd




Limitacoes da InSAR Diferencial




Limitagdes da InSAR Diferencial

Descorrelacao geométrica 2

tl

B<1000 m

Critical baseline

% /4%/ %% Z %
%%7 Q. © 0 O
O O % / gy = 4,665 o)) /500 /

Received signal is N Random motion of Change in incidence
superposition of waves from scatterers causes wavelets angle causes wavelets
all scattering centers to interfere- to interfere-

"temporal decorrelation” "baseline decorrelation"
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Descorrelagcao Temporal
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Persistent Scatterer (PS)
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Persistent Scatterers (PS)

Em 2001, Ferretti el al., propuseram uma técnica designada por
“Permanent Scatterers technique” que permite a analise de
longas series temporais de interferogramas.

A técnica baseia-se num conjunto de pixeéis coerentes ao
longo do tempo e permite, dentro de certas condicoes:

A determinacao do erro do DEM usado no
interferograma diferencial

A detecao de movimentos da superficie com uma
precisao milimétrica



Persistent Scatter functional model
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Aplicacoes PSINSAR: Tectdnica e Subsidéncia

Seismic Faults in Los Angeles Basin: Subsidence Phenomena:

Saiv.Joes Fault Oil & Gas Fields

3
Raymond Fault == Water Pumping i Ve|ot%SFie|d
Whittier Fault

’ [mm/yr]
El Modeno and Peralta Hills Faults

Los Alamitos Fault
Newport - Inglewood Fault

Palos Verdes and Cabrillo Faults
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Elysian Park Blind Thrust (?)

Coyote Hills Blind Thrust (?)

Puente Hills Blind Thrust (?)
Santa Fe Spring Blind Thrust (?)
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Aplicagﬁes PSINS

Imagery. Dates: Febh 22,7

Cidade do México

Osmanoglu et al., 2011




Aplicagoes PSINSAR: Deslizamentos
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Zhu and Bamler, 2010

Crosetto, M., Monserrat, O., Iglesias, R.

and Crippa, B., 2010.



Persistent Scatterers (Hooper)
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LimitagOes da técnica PSInSAR .. numa perspectiva geodésica

(medigdo da forma e campo gravitico da Terra e suas variagdes temporais)

Modelo Funcional + Modelo estocatico

STU N, Bert Kampes, 2006




Deslocamento 2D (horizontal + vertical)
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Integracao com GPS

i VLOS = VU, +V U, @

333333

ground track

/ descending & /g//@;%m/,/@
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333333

1 ; ; d
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Z

N

GPS , ] , _ 2
Vios = (Ve, Vi, Vz) - (ug,upy, uz) E = {ﬂ(VLos)(l) +D _VGPS(I)}

=1

Cataldo, et al., 2011.



PS LOS velocity - Descending
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Velocidade Vertical ITRF2008 (2007-2009)
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Singapura : Deformacg¢ao 1995 -2000

GPS GPS Residuals Residuals Residuals
station vertical descending ascending Merged.
velocity mean std mean std | mean std
SSEK -2.0+-1.3| -0.18 1.2 -1.9 1.2 -0.03 |0.70
NTUS -1.0+-1.1| 1.35 0.8 -2.1 1.0 0.01 |0.90
SLOY -1.9+09| -2.0 1.3 -1.9 1.2 0.00 |0.87
SNYP -1.3+-09| 0.43 0.8 -1.2 1.2 0.00 |0.66
SKEP | -1.6+-1.0 | 0.28 0.7 -3.1 1.2 | N\ —

Cataldo et al., 2013

(mm/yr)

Fernandes et al., 2011



Smgapura Deformacgao 1995 -2000
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Novos sensores: banda X (TRX)




Perspetivas para o radar de abertura sintética

ESA
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mainly by weather forecasting
and climate monitoring needs.
These missions developed in

partnership with EUMETSAT
include the Meterological

Operanonal satelite programme
], formi ?ace
segment of EU nlgEl’S AT’s polar

system [EPS and the new
Geostanonary

Meteosat satellites

[MSG & MTG satellites].

Sentinel-1B _¢1 Selimel—SP
. Sentinel-2B »

: “\\

Sentinel-4 <1 .

n Sentinel-6

driven by user needs
to contribute to European Copernicus
intiative. These satellite missions
developed in parinership with the EU
include C-band imaging radar
[Sentinel-1], high-resolution optical
[Sentinel-2], optical and infrared
radiometer [Sentinel-3] and atmospheric
compostion monitoring capability
[Sentinel-4 & Sentinel-5 onboard
Met missions MTG and EPS-SG

respectively].

Earth Explorer Missions dri
Scientific needs to advance
understanding of how the og
atmosphere, hydrosphere, c
and Earih’s interior operate
as part of an interconnected
These research missions, e
Europe’s excellence in tec!
innovation, pave the way to

ENVISAT/ ASAR

ALOS/PalSAR

TerraSAR-X/
TanDEM-X

Radarsat-2
COSMO-SkyMed-1/4

RISAT-1

HI-1C

Kompsat-5

PAZ

ALOS-2
Sentinel-1a/1b
Radarsat Constella-

tion-1/2/3
SAOCOM-1/2

development of future EO appplications.

2002-2012

2006-2011

2007—-today
2010-today

2007-today
2007 ... 2010-today

2012-today

2012-today

Launch scheduled in 2013
Launch scheduled in 2013
Launch scheduled in 2013
Launch scheduled in
201372015

Launch scheduled in 2017

Launch scheduled in
2014/2015

C (dual)

L (quad)

X (quad)

C (quad)
X (dual)

C (quad)

S (VV)
X (dual)
X (quad)
L (quad)
C (dual)
C (quad)

L (quad)
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Perspetivas para o radar de abertura sintética

m Deforestation, Degradation, Fires* (REDD) » Biosphere
N Forest Biomass Change*
SAR Polarimetry Lo R ot i S

Earthquakes
Volcanic Activities

Land Slides

A Soil Méisture‘ ‘ . 1 g PR o - : ’ '
Flooding ‘ ' o —~i
SAR Polarimetry | Ocean Currents* . ) \E/Z?i(;rt])tlljsl Climate
Days Weeks Months Years Observation Interval

(Moreira et al, 2013)



Sintese "

0 Interferometrla Radar de Abertura Slntetlca D encigh PR e e
‘Potencialidades e Limitagdes - C e %
'>_Persistent Scatterer vs Distributed Sc'é.t-t ;
>'Técnica dos Persistent 'Scattéfer ,a; .
' abordagem Ferrett| etal.e Hoo ofS al., 2004 &\@
anadlise da amplitude vs anallse da fa{‘&ﬁ% 4
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> Integragao INSAR com GPS Melhoria Qa estimativa da

> Mitigacio dos efeitos atmosférico, deformacao. @@ %

> ESA / COPERNICUS, Global Monitoring for Environment and Security



