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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 PhD Projects
- SAR-EDU

Friedrich-Schiller-University Jena, Germany
Dept. of Earth Observation
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What is Remote Sensing/Earth Observation?

Active Radar Remote Sensing

Å Electromagnetic spectrum : Why microwaves?

Å Basic characteristics of radar systems

Å Imaging geometry of radar systems

SAR Remote Sensing

Å SAR resolution cell

Å Effects of SAR imaging geometry

Å Influences on radar backscatter

Å SAR measurements

Å Speckle Effect 

Å SpaceborneSAR systems  

Summary
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Remotesensing(RS), alsocalledearth observation, refersto obtaining
information about objects or areas at the 9ŀǊǘƘΩǎsurface without
beingin direct contactwith the objector area.

http://freeda.files.wordpress.com/2007/10/sv003.jpg

What is Remote Sensing/Earth Observation?
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Components of the remote sensing process
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Source of electromagnetic energy

Interaction with the object
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Radiation back to sensor

Reception of radiation by sensor

Interpretation and analysis
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Interaction with the object

Radiation back to sensor

Reception of radiation by sensor

Interpretation and analysis
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SPOT 5
Optical satellite
visible part of the spectrum

energy scattered off the leaf is 
dependent on:

¢ƘŜ άgreennessέ ƻŦ ǘƘŜ ƭŜŀŦ ŀǎ ŀ 
function of the amount of 
chlorophyll, which absorbs the 
energy that is needed for 
photosynthesis 

Components of the remote sensing process
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TerraSAR-X

Radar satellite
microwave part of the spectrum

energy scattered off the leaf is 
dependent on: 

size
shape

orientation 
dielectric properties   
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Interaction with the object

Radiation back to sensor

Reception of radiation by sensor

Interpretation and analysis
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SPOT 5

(optical satellite)

Further Examples:

Non-imaging: radiometer, magnetic 

sensor

Imaging: cameras, optical 

mechanical scanner, 

spectrometer, radiometer

TerraSAR-X
(radar satellite)

Further Examples:

Non-imaging: radiometer, 

altimeter, laser

Imaging: Real Aperture Radar, 

Synthetic Aperture Radar

Source of electromagnetic energy
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1. Sun 

2. Earth Emitted Energy
3. Active Source of Energy 

(e.g. Satellite Sensor)

Solar energy

Source of electromagnetic energy
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Passiveremote sensing systems: 

Detect the reflectedor emitted EM 
radiation from natural sources

Some of the images represent 
reflected solar radiation in the 
visible and the near infrared regions 
of the EM spectrum

others are the measurements of the 
energy emitted by the earth surface 
itself i.e. in the thermal infrared 
wavelength region

Activeremote sensing systems:

Detect reflected responsesfrom 
objects irradiated by artificially-
generated energy sources

energy is transmitted from the 
remote sensing platform

measurement of relative return 
ŦǊƻƳ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ

Passive and Active Remote Sensing
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Radar remote sensing & electromagnetic wave
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radiation energy

earth 300 K

x-ray ultraviolet near IR intermediate and far infrared microwaves radio waves

thermal scanner radar techniques 

multispectral scanner

visible light infrared

photogrammetry 

multispectral scanner

sun 6000 K

atmospheric   

transmissibility

(ALBERTZ 2001:11)

electromagnetic spectrum

Atmospheric windows
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radiation energy

earth 300 K

x-ray ultraviolet near IR intermediate and far infrared microwaves radio waves

thermal scanner radar techniques 

multispectral scanner

visible light infrared

photogrammetry 

multispectral scanner

sun 6000 K

atmospheric   

transmissibility

(ALBERTZ 2001:11)

SAR systems: X,C,L & P bands

electromagnetic spectrum
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Å active Ý independent of sun illumination

Active Radar Remote Sensing 
Basic characteristics of radar systems/SAR sensors

Active remote sensing sensors generate EM-waves 

Å no sunlight required night time acquisitions possible

Å no problems due to bad illumination
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Active Radar Remote Sensing 
Basic characteristics of radar systems/SAR sensors

https://ubique.americangeo.org/company-and-not-for-profit-spotlights/ursa-space-systems/

Å active Ý independent of sun illumination

Å microwave Ý penetrates into/through objects 

clouds and (partially) canopy, soil, snow

(ŀƭƳƻǎǘύ ƴƻ ǇǊƻōƭŜƳǎ ǿƛǘƘ ŎƭƻǳŘǎΣ ŘǳǎǘΣ ŦƻƎΦ {ŜƴǎƛƴƎ ƻŦ αƘƛŘŘŜƴά ƻōƧŜŎǘǎ
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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.

Active Radar Remote Sensing 
Characteristics / Example all weather
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TerraSAR-X, Brazil

Cloud cover is a big problem in remote sensing of moist tropics  

Active Radar Remote Sensing 
Characteristics / Example all weather
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Landsat Thematic Mapper
ǎƘƻǿǎ ǘƘŜ ŘŜǎŜǊǘΩǎ ǎǳǊŦŀŎŜ 

SIR-C/X-SAR
shows what the landscape might look 
like if stripped bare of sand 

SafsafOasis, Eygpt

SafsafOasis, Eygpt

Active Radar Remote Sensing 
Characteristics / penetration through sand
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Active Radar Remote Sensing 
Advantages / Example all weather

Å active Ý independent of sun illumination

Å microwave Ý penetrates into/through objects 

The penetration depth is depending on 
wavelengthand dielectric characteristics 
of objects

wavelengths: X-band: 3 cm
C-band: 6 cm
L-band: 23 cm

X-Band
=˂3 cm

C-Band
=˂6 cm

L-Band
=˂23 cm

X C L

vegetation

dry soil

glacier ice

Fig. 30: © DLR



ESA PECS SAR Remote Sensing Course, September 2018, Slovakia  ςSAR Basics 23

Heavy Clouds and Rain Cells in X-Band SAR Images

ĄOnly visible at short wavelengths and extreme conditions
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Active Radar Remote Sensing 
Basic characteristics of radar systems/SAR sensors

Å active Ý independent of sun illumination

Å microwave Ý penetrates into/through objects

Å coherent Ý interferometry, speckle

ü Microwaves used for Earth Observation are coherent waves!!!

ü Waves maintaining a constant phase with respect to each other are coherent

Phase3ˉ 4ˉˉ 2ˉ

Amplitude Wavelength

coherent
not coherent
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Active Radar Remote Sensing 
Basic characteristics of radar systems/SAR sensors

Å active Ý independent of sun illumination

Å microwave Ý penetrates into/through objects

Å coherent Ý interferometry, speckle

Å polarization Ý can be exploited

Òhttp:// www.wikipedia.org

Polarizationof the electromagneticwaves
refersto the direction of electricfield.
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Active Radar Remote Sensing 
Basic characteristics of radar systems/SAR sensors

Å active Ý independent of sun illumination

Å microwave Ý penetrates into/through objects

Å coherent Ý interferometry, speckle

Å polarization Ý can be exploited

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 polarization. 

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

VV: Both emitted and reflected signals have vertical polarization

Microwave sensors emit signals in horizontal(H) or 
vertical(V) polarizations. 
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Active Radar Remote Sensing 
Basic characteristics of radar systems/SAR sensors

Å active Ý independent of sun illumination

Å microwave Ý penetrates into/through objects

Å coherent Ý interferometry, speckle

Å polarization Ý can be exploited

Å spatial resolution:space-borne: 0.5 m - 100 m (Sentinel-1: Ғ10 m, TerraSAR-X: Ғ1 m) 

air-borne: > 0.2 m
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Active Radar Remote Sensing 
Basic characteristics of radar systems/SAR sensors

Å active Ý independent of sun illumination

Å microwave Ý penetrates into/through objects

Å coherent Ý interferometry, speckle

Å polarization Ý can be exploited

Å spatial resolution Ý space-borne: 0.5 m - 100 m (Sentinel-1: Ғ10 m, TerraSAR-X: Ғ1 m)

air-borne: > 0.2 m
Å backscatterÝ is the reflection of signals back to the direction from which they came.

Magnitude and characteristics of backscatter depend on 

geometric & dielectric properties of objects
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SPOT 5
Optical satellite
visible part of the spectrum

energy scattered off the leaf is 
dependent on:

¢ƘŜ άgreennessέ ƻŦ ǘƘŜ ƭŜŀŦ ŀǎ ŀ 
function of the amount of 
chlorophyll, which absorbs the 
energy that is needed for 
photosynthesis 

TerraSAR-X
Radar satellite

microwave part of the spectrum

energy scattered off the leaf is 
dependent on: 

size
shape

orientation 
dielectric properties   

Interaction with the object
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Å SAR measurements

Å Speckle Effect   

Å SpaceborneSAR systems  
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Is side looking really necessary?

Radar transmits pulses and receives echoes at the rate of the 
pulse repetition frequency: PRF@1000 - 4000 Hz

Side looking,
e.g. SLAR, SAR

Nadir looking,
e.g. aerialphotography

Radar Remote Sensing 
Side looking imaging geometry

nadir

azimuth
(along-track)

ground range
(across-track)

range: scanning in the look direction 
at the speed of light

azimuth: scanning in flight direction
at the speed of the sensor
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slant-range resolution depends on the 
bandwidth of the system 

azimuth

Side looking imaging geometry

azimuth resolution is a function of the antenna length 
and sensor height ƻǾŜǊ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΗ
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Thekeyfactor that is utilizedin SARis to synthesizea muchlongerantennain azimuthdirectionby makinguseof the

motion of the SARsensorin order to achievefiner resolution.

flight 
path

Side view

Synthetic length 
of aperture

Synthetic Aperture Radar (SAR)
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Synthetic Aperture Radar (SAR) ςazimuth resolution

aɻz= 
►

═
╪◑

Azimuth
resolution

ʇ: carrier wavelength
r0 : range distance
Aaz: azimuth aperture

with the azimuth resolution being a function of the aperture in 

azimuth 
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Synthetic Aperture Radar (SAR) ςrange resolution
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Synthetic Aperture Radar (SAR) ςresolution cell

A SARpixel = sumof all contributions

within the resolutioncell
aɻz= 

►

═
╪◑

Azimuth
resolution

ʇ: carrier wavelength
r0 : range distance
Aaz: azimuth aperture

with the azimuth resolution being a 

function of the aperture in azimuth 

with the slant-range resolution 
depending on the bandwidth 

sɻr= 
╬

╦

c : speed of light
W : pulse bandwidth

Slant-range  
resolution
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resolution vs. pixel spacing  

resolution is a measure of the system's ability to 
distinguish between adjacent targets 

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

Acquisition resolution of Sentinel 1  Level-1 SLC

range

pixel spacing

in range (m)

resolution
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Ҧ The mapping of a radar image is contrary to 

the intuitive mapping of an optical image

Ҧ Side looking geometry of SAR systems cause 

some typical geometric effects

Å Controlled by:

× Incidence angle

× Topography

Å The effects are:

× Foreshortening

× Layover

× Radar shadow

Geometric Effects in SAR images 
Effects of side-looking geometry
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Layover

ÅSteepslopesoriented to the SARlead

to ghostimages

ÅWhenradarbeamreachesthe top of a
high feature (b) before it reachesthe
base(a)

Radar shadow

ÅSteepslopesorientedawayfrom the SARreturn no signal

ÅNosignalscanbe transmittedto this area(asit isblockedby the slope)

ÅThusno signalscanbescatteredbackfrom theseareas

ÅAppearsasblackareain the image

Foreshortening

ÅSlopes oriented to the SAR appear compressed (Distance between a and b is shortened)

ÅAppears as very bright area

ÅMore pronounced in near range (small incidence angle) than in far range (high incidence angles)

ra
n

g
e

azimuth


