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Remote Sensing and the Electromagnetic
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Information Derived from the Radar Signal &i\‘é—iesa
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Electromagnetic Wave

Components include a sinusoidal electric wave (E) and a
similar magnetic wave (M) at right angles, both being
Electric field perpendicular to the direction of propagation.

A = Wavelength (distance between
successive wave peaks)

Distance
Magnetic field

Velocity of light

v = Frequency
(number of cycles per second

passing of a fixed point)
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(Source: Lillesand & Kiefer, 1994)
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Synthetic Aperture Radar (SAR):
Observing principle (1)

Viewing angle of 23°
Ground Path

Recording Path
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Radar scattering

Transmit Scattered echoes

1. The radar transmits pulses which are scattered in all directions by the surface
observed.

2. Some of the scattered echoes are measured back by the radar ->
backscattering
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Radar geometric distortions
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ORIGINAL FILTERED
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SLC IS THE MOST INFORMATIVE PRODUCT
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Scattering as a function of frequency
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SAR images of different types of surfaces *\&\%esa
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Radar Interferometry/InSAR for

deformation monitoring
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Radar Interferometry/InSAR for DEM

Production
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Radar Interferometry/InSAR for DEM S
Production \\&@esa
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ERS-1 & ERS-2
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ERS-1 & ERS-2
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ENVISAT/ASAR
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ENVISAT/ASAR
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Radarsat
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Radarsat
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TerraSAR-X, Tandem-X
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TerraSAR-X, Tandem-X

Tandem-X
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TerraSAR-X, Tandem-X
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Operational & Near-future EO missions:

The Sentinels (Copernicus)

1. Sentinel-1: SAR mission for land and ocean services
2. Sentinel-2: Optical high resolution land mission

3. Sentinel-3: Medium resolution land and ocean mission

4. Sentinel-4: Geostationary atmosphere mission -

5. Sentinel-5: Low Earth orbit atmosphere mission .
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ESA Sentinel 1 Mission

__ Sentinel-1A (3/4/2014)
C-band SAR Mission  gentinel-1B (25/4/2016)

Applications:

> lce and marine/land monitoring;

> Mapping in support of humanitarian aid in crisis
situations.

Main features:

> C-band (5.4 GHz) SAR

> Daily coverage of high priority areas;
> Bi-weekly global coverage;
9

12 days repeat cycle (6 days with both Sentinels 1A
and 1B operational);

> 7 years design life-time (consumables for 12 years).
Modes Resolution Swath Width Polarization
Stripmap (SM) 5x5m=2 > 80 km HH+HV or VV+VH
Interf. Wideswath (1W) 5x20 m=2 > 250 km HH+HV or VV+VH
Extra Wideswath (EW) 25 x 100 m=2 > 400 km HH+HV or VV+VH
Wave (W) 5 x 20 m?2 20 ka: skr;?;ir% 100 HH or WV




Image Acquisition in Interferometric (s

Wide Swath mode (1W) \\&\%esa
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C-band SAR comparison

PARAMETERS ERS 12 ENVISAT Radarsat 1/2 Sentinel 1A/B
Centre frequency (GHz) 5,300 5,331 5,3/5,405 5,405
Polarization \AY% HH/VV, HH/VH, HH/ HH+HV, VV+VH

VV/HH HH, HV, VV, VH
Incidence angles (°) 23 15-45 20 -49 20 -45
Orbit (km) 800 800 — 783 793-821 /798 693
(2010+mission)
Inclination (°) 98,5 98,5 08.6 08,18
Repeat cycle (day) 35 35 24
Launch date 17 Jul. 1991/ 1 March 2002 4 Nov. 1995/ 3 April 2014 /
21 Apr. 1995 14 Dec. 2007 2016
Spatial resolution (m) 25 25 30 20
Swath width (m) 100 100 100 250

€




ESA Sentinel 1 Mission

- Sentinel-1A (2014)
C-band SAR Mission  ggntinel-1B (2016)

Advantages with respect to previous ESA SAR missions :

> Radar data will be delivered within an hour of
acquisition;

> Shorter time necessary to create a stack
exploitable;

> Capability to observe faster phenomena due to
the shorter repeat time;

> Reduced orbital tube (i.e., maximum allowed
orbital deviation with respect to the nominal
orbit) =» smaller baselines = all possible
interferometric pairs satisfy the conditions of
the Small Baseline approach (SBAS).
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Active microwave remote sensing properties&\%esa

a. Day and night observation capability
b. Insensitive to cloud coverage

c. High “operationability”

a. Human eyes not “trained” for microwaves

b. Technology is more demanding than for optical remote

sensing
c. More expensive than optical RS

d. Needs high power
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Optical vs. Microwave Remote Sensing
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Parameter Optical RS Active microwave RS
Wavelength A << object A ~ object
Frequency Several bands A few bands (frequencies)
Polarisation None Up to fully polarimetric
lllumination Passive (sun)

Active (antenna)

Observation times Day only Day and night
Cloud coverage Very sensitive Independent
Data calibration Difficult Difficult
Ground resolution ~ decameters ~ deca-hectometers
Image quality No speckle Speckle
Incidence angle ~ Nadir 20-60°
Measurements Chemical & physical | Roughness, geometry, water
processes content, dielectric constant
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Indicative

Applications
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lacement field of the Landers earthquake mapped by ERS radar
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interferometry (Massonnet et al., 1993)
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SAR Interferometry {zesa

Coseismic
Deformation of
Bam Earthquake
26/12/03

| Earth ObservationSlide 52



SAR Interferometry

Deformation monitoring

2004-:2010.subsidence monitored by PS INSAR, using Envisat/ASAR data
N (Mouratidis and Costantini, 2012)
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SAR Interferometry
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(Credits: Lauknes, T.R.
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Deformation

Rome

Fiumicino
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Deformation of Etna (1992 - 2001)

o range displacement 14 cm

1992 yoar 2001
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Classification/Land cover
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Drawbacks & solutions

1.SAR typically consist of 1-2 bands

2. Maximum of 4 bands (fully polarimetric

modes, e.g. Radarsat-2)

3.Use Coherence (also as additional band for
FCCs)
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Sentinel-1A Deforestation over Brazil

Acquisition: 21 April 2014
Mode: TOPS IW HH/HV
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Flood mapping
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The...strange o, - water relationship

»

Water content
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SAR image analysis

Case study: Thessaly

Floods along Pinios river, near Piniada, Farkadona and surrounding
areas captured by ERS-2 during the crisis phase. SAR RGB false
colour composite: R=G=02/02/2003 (flood image), B= 06/02/2005
(dry conditions). Blue = flooded regions, Yellow = wet soil.




Sentinel-1 vs ENVISAT ASAR over Namibia {2 @S2
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Other SAR Applications
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Oil slick from “Prestige” tanker
(Galicia, Spain)
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References & Resources

References
1. Lillesand, T. M. and Kiefer, R. W. (1994). Remote Sensing and image interpretation,
3rd edition, John Wiley & Sons Inc., New York, 750 p.

Hvperlinks to online Resources

» ESA Radar Courses

> What is Imaging Radar? (NASA)

» See _additional links to radar (SAR) resources on the TAT 2021 website

(https://tat.web.auth.qr/training-material/)
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