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Dept of Earth Observation

Basic Research
- E.g. SAR coherence & Forestry

Applied Earth Observation
- E.g. landcover mapping using
multitemporal SAR data

Project Coordination
- Coordination of many international
projects

Education

- BSc Geography

- MSc Geoinformatics
- Various Ph[Projects
- SAREDU
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What is Remote Sensing/Earth Observation?

7 Remotesensing(RS)alsocalledearth observation refersto obtaining
information about objects or areasat the 9 | NIsu¢f&a without
beingin direct contactwith the objector area

http://freeda.files.wordpress.com/2007/10/sv003.jpg
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Components of the remote sensing process

@ Source of electromagnetic energy
@ Interaction with the object @

-3 v 'y f' A
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Components of the remote sensing process

©

& greentree,
2% 5m high,

?’

g
e

@
@

thy, ¢é @

@
®

Source of electromagnetic energy
Interaction with the object
Radiation back to sensor
Reception of radiation by sensor

Interpretation and analysis
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SPOT 5
Opticalsatellite
visible part of the spectrum

energy scattered off the leaf is
dependent on:

¢ K §reetiness 2 F GKS
function of the amount of
chlorophyll, which absorbs the
energy that is needed for
photosynthesis

@ Source of electromagnetic energy

@ Interaction with the object @
@ Radiation back to sensor

@ Reception of radiation by sensor

®

Interpretation and analysis
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Components of the remote sensing process

Source of electromagnetic energy

Interaction with the object
Radiation back to sensor

Reception of radiation by sensor

OOOEEO

Interpretation and analysis

TerraSARX

Radar satellite
microwave part of the spectrun

energy scattered off the leaf i
dependent on:

size

shape

orientation
dielectric properties
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Source of electromagnetic energy

TerraSAR-X
(radar satellite)

SPOT 5
(optical satellite)

Further Examples: Further Examples:
Non-imaging: radiometer, magnetic
sensor

Imaging: cameras, optical
mechanical scanner,
spectrometer, radiometer

Non-imaging: radiometer,
altimeter, laser

Imaging: Real Aperture Radar,
Synthetic Aperture Radar

September 2018, G®ABRKBRSIcS |

ESA PECS SAR Remote Sensing Course,




Source of electromagnetic energy

1. Sun ' 3. Active Source of Energy
2. Earth Emitted Energy (e.g. Satellite Sensor)

Solar energy
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Passive and Active Remote Sensing

Passiveeemote sensing systems: Activeremote sensing systems:
=7 Detect thereflected or emitted EM 7 Detectreflected responsefrom
radiation from natural sources objects irradiated bvartificially-

generated energysources

> Some of the images represent =7 energy is transmitted from the
reflected solar radiation in the remote sensing platform
visible and the near infrared regions
of the EM spectrum

=7 others are the measurements of the = measurement of relative return
energy emitted by the earth surface FNRY GKS SINIKQa
itself i.e. in the thermal infrared
wavelength region

QX
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Radar remote sensing &lectromagneticwave

nd

Electric field

p U/Se

Distance

Magnetic field

Plane-polarized,
fransverse wave

L = Frequency
(Number of cycles per second
passing a fixed point)
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electromagnetic spectrum
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electromagnetic spectrum
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radiation energy (ALBERTZ 2001:11)
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SAR systems: X,C,L & P bands

ESA PECS SAR Remote Sensing Course, September 2018, S®ABKBasics s




Outline

What is Remote Sensing/Earth Observation?
Active Radar Remote Sensing
A Electromagnetic spectrumwhy microwaves?
A Basic characteristics of radar systems
A Imaging geometry of radar systems
SAR Remote Sensing
A SAR resolution cell
Effects of SAR imaging geometry

Influences on radar backscatter
SAR measurements
Speckle Effect

A Spaceborné&SAR systems
Summary

o To Io I




Active Radar Remote Sensing
Basic characteristics of radar systems/Sag&hsors

A active Y independent of sun illumination

g Active remote sensing sensors generate-&bes
4 A no sunlight requirechighttime acquisitiongossible

A no problems due to bad illumination
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Active Radar Remote Sensing
Basic characteristics of radar systems/Saé&hsors

A microwave Y penetrates into/through objects

clouds and (partially) canopy, soil, show
Ffty2ado y2 LINRo6ftSYa oA0K Of 2dzRA .

Q’“’ngbo Chlna

October 12, 2016

 Obsthuction by‘clouﬁ dy 'lk.. T, ! ; "::'L_ & clearly through clouds, smog, and é_t night
https.//ublque.amerlcangeo.org/compaﬂandnot—for—profit—spotlights/ursaspacesystems/
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Active Radar Remote Sensing
Characteristicg Example all weather

These images were acquired over the city of Udine, northeastern Italy, by ERS-1 on the 4th of July 1993 at 9.59 a.m. (GMT)
and Landsat-5 on the same date at 9.14 a.m. (GMT) respectively. The clouds that are clearly visible in the optical image, are
not appearing in the SAR image.
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Active Radar Remote Sensing
Characteristics / Example all weather

Cloud cover is a big problem in remote sensinmofsttropics

TerraSARX, Brazil
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Active Radar Remote Sensing
Characteristicg penetration through sand
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Active Radar Remote Sensing
Advantages / Example all weather

A microwave Y penetrates into/through objects

X C L
\ \ \ Fig. 30: © DLR

vegetation

The penetration depth is depending on
wavelengthanddielectric characteristics

of objects
dry soil S = o 5 5 N e > 5 5
wavelengths — Y-band: 3 em P
Gband: 6cm
L-band: 23 cm
glacierice

X-Band GBand L-Band
<=3 cm <=6Ccm <=23cm
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Heavy Clouds and Rain Cells HBAnd SAR Images

A Only visible at short wavelengths and extreme conditions

D—PAF Job Number: 122983 X—SAR/MGD © DLR/DFD 1995

—28 dB 26 dB 24 dB 22 dB -20dB -18d8 -16d8 -14d8 -12dB —-10dE —-B8dBE -6dB —-4dB -2dB 0 dBe 2 dB

Sena Madureira / Brazil

GMT: DB—0CT—1994/18:57:46 , Data Take ID: 103.6Q \l/ - T
Latitude / Longitude at Image Center: S 9.75° / W 67.94°
D—PAF Product ID: X25AR941006185746MGD__DP13941009140744 lllumination  Flight Direction North DLR

ESA PECS




Active Radar Remote Sensing
Basic characteristics of radar systems/Sag&hsors

A active Y independent of sun illumination
A microwave Y penetrates into/through objects
A coherent Y interferometry, speckle

U  Microwavesused for Earth Observation aceherent waved!
U Waves maintaining a constant phase with respect to each other are coherent

I K,
ANV AYA - :
< < NN\

coherent

not coherent
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Active Radar Remote Sensing
Basic characteristics of radar systems/Sag&hsors

A active Y independent of sun illumination
A microwave Y penetrates into/through objects
A coherent Y interferometry, speckle

A polarization Y canbe exploited

Polarizationof the electromagnetiovaves
refersto the direction of electricfield.

Ohttp:// www.wikipedia.org
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Active Radar Remote Sensing
Basic characteristics of radar systems/Saé&hsors

A polarization Y canbe exploited

s
O
<
o
D

Microwave sensors emit signalshnrizontal(H) or \
vertical(V) polarizations. \.\or'\‘l-o“ta

The four combinations of SAR data polarizations:
HH The emitted and backscattered signals have horizontal polarization

HV: The emitted signal has horizontal polarization, and the backscattered signal has vertical polarize
VH: The emitted signal has vertical polarization, and the backscattered signal has horizontal polarize

VV: Both emitted and reflected signals have vertical polarization
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Active Radar Remote Sensing
Basic characteristics of radar systems/Saéhsors

A

A
A
A
A

active Y independent of sun illumination
microwave Y penetrates into/through objects
coherent Y interferometry, speckle

polarization Y canbe exploited

spatialresolution: spaceborne: 0.5m - 100 m(Sentinell: ¥10 m,TerraSAR:f1 m)
air-borne: > 0.2m
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Active Radar Remote Sensing
Basic characteristics of radar systems/Saéhsors

A

A
A
A
A
A

active Y independent of sun illumination
microwave Y penetrates into/through objects
coherent Y interferometry, speckle
polarization Y canbe exploited

spatialresolutionY spaceborne: 0.5 m- 100 m(Sentinell: F10m, TerraSARK:f1 m)
air-borne > (0.2m
backscatter’ isthe reflection ofsignalsback to the directiorfrom which they came.

Magnitudeand characteristics of backscatter depend on
geometric& dielectric properties of objects
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Interaction with the object

SPOT 5
Opticalsatellite
visible part of the spectrum

TerraSARK
Radar satellite
microwave part of the spectrun

energy scattered off the leaf is

energy scattered off the leaf i
dependent on:

dependent on:

¢ K Qreelness 2 F GKS f

size
function of the amount of shape
chlorophyll, which absorbs the orientation
energy that is needed for y . Y dielectric properties

photosynthesis
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Radar Remote Sensing

Side looking imaging geometry

A’ Radar transmits pulses and receiezhoes athe rate of the
2 & pulse repetition frequencyPRF@1000- 4000 Hz

Is side looking really necessary?
‘,/ \\\
‘\\\%(\:\S\ \\\ -O% T -—t‘:
¢ /// “
/// < b . / / 7Z 7/%\/
= ’ ST
N\ Nadirlooking Sidelooking
%0 e.g aerialphotography e.g. SLAR, SAR

range: scanning in the look direction
at the speedf light

azimuth: scanning in flight direction

at the speed of the sensor
azimuth

(alongtrack)

ground range
(acrosstrack)
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’ slant-range resolutiondepends on the
& bandwidth of the system

s\\'\%“ azimuth resolutionis a function of thentenna length
i andsensor heigh2 S NJ 1 KS 9 NIl KQa

azimuth
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Synthetic ApertureRadar (SAR)

Thekeyfactor that is utilizedin SARs to synthesizea muchlongerantennain azimuthdirection by makinguseof the
motion of the SARsensorin order to achievefiner resolution

Synthetic length
of aperture

flight M .
(011 I P =y N

Sideview

9, - look angle
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with the azimuth resolution being a function of the aperture in
azimuth

Azimuth | = >

resolution 3 =,

1 : carrier wavelength
I, : range distance
A,,: azimuth aperture

8, - look angle R
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Synthetic ApertureRadar (SAR) resolution cell

with the azimuth resolution being a
function of the aperture in azimuth

A SARpixel = sum of all contributions

_ _ Ar>
O _ Azimuth b, =—
within the resolutioncell resolution T
— 1 : carrier wavelength
%’ | - r,: range distance

— A,,. azimuth aperture
| | |

azimuth

with the slantrangeresolution
dependingon the bandwidth

| -
=

Slantrange 1

. =
resolution

=
=~

c : speed of light
W : pulse bandwidth

j SAR resolution cell
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resolutionis a measure of the system's ability to
distinguish between adjacent targets

pixel spacingepresentsthe distance on the ground
for a pixel in the range and azimuth directions

V4
resolution

Acquisition resolution of Sentinel 1 Level-1 SLC
, Mode Resolution Pixel spacing
, Lo rg x az rg x az
range /| SM 17x43mto 15x3.6 m to
SN 36x4.9m 3.1x4.1m
Iw 2722 mto 23141 m
3522 m
EW 7.9x%x43 mto 59x%x199m
15x¢43 m
1.7%4.1 m and
27x41m

in range (M)

% A
O)C/
%
—>
pixel spacing wv 2.0x4.8 m and
31x4.8m
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Geometric Effects in SAR images
Effects of siddooking geometry

 The mapping of a radar image is contrary to
the intuitive mapping of an optical image

b Side looking geometry of SAR systems cause
some typical geometric effects

A Controlled by:
x Incidence angle
x  Topography

Slant range image

A The effects are:
x  Foreshortening
x Layover
x  Radar shadow
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ASlopesriented to the SARppearcompressed (Distance between a and bhertened)
AAppearsas very bright area

AMore pronounced in near range (small incidence angle) than in far range (high incidence &
azimuth
_

range

Foreshortening

Layover

A Steepslopesoriented to the SARead

to ghostimages
AWhenradarbeamreacheshe top of a
high feature (b) before it reachesthe
base(a)

OC_ >

ASteepslopesoriented awayfrom the SAReturn no signal
ANo signalscanbe transmittedto this area(asit is blockedby the slope)
— AThusno signalscanbe scatteredbackfrom theseareas
Radar shadow AAppearsasblackareain the image
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