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Radar image

Optical image
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Fundamentals: RADAR

—~Z Radio Detection and Ranging (active system)

7  Transmits and receives coherent pulses of microwave radiation at
regular intervals

—~ Imaging radar records the backscattered portion of the emitted signal

—7  Day, night and all weather observation capability
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FU ndamenta|s: RADAR Electromagnetic spectrum
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Fundamentals: Frequency
Frequency Frequency range Application Example
band
* VHF 300 KHz - 300 MHz Foliage/Ground penetration, biomass
* P-Band 300 MHz - 1 GHz soil moisture, biomass, penetration
+ L-Band 1GHz - 2GHz agriculture, forestry, soil moisture
« C-Band 4 GHz - 8GHz ocean, agriculture
+ X-Band 8 GHz - 12 GHz agriculture, ocean, high resolution radar
+ Ku-Band 14 GHz - 18 GHz glaciology (snow cover mapping)
+ Ka-Band 27 GHz - 47 GHz high resolution radars

Frequency bands used in the context of imaging radars
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Fundamentals:

—Z L-band: 23 cm
—Z (C-band: 6 cm

—Z X-band: 3 cm
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Fundamentals: Polarization

—Z  Orientation of the electric field of the radiation

R e s SV

7  Polarimetric radar systems

HH: horizontal transmit and horizontal receive
HV: horizontal transmit and vertical receive
VV: vertical transmit and vertical receive

VH: vertical transmit and horizontal receive
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Fundamentals: Polarization

7 Polarizations are provided as individual image layers

Co-polarized: HH, VV
Cross-polarized: VH, HV

Dual-polarized system: provides two layers

NI N

Quad- or fully polarized system provides four layers

7 Fully polarized data allows generation of complex scattering matrix

S S
S: HH HV
)=/

VH SVV

—~ Coherent target decomposition = extraction of physical information
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Fundamentals: Polarization

L-band: Pauli decomposition Red: Suy—Syy = double bounce
Green: 2 Sy = volume scattering
Blue : Syy + Syy = single scattering
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Fundamentals: Imaging geometry
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Fundamentals: Geometric Resolution

—  Dimension of the area on the ground in x- and y-direction which is
covered by one resolution cell of the imaging system

—  Determines smallest possible feature that can be detected

Real-world object Image representation
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Fundamentals: Geometric Resolution

—~  Range resolution

i Slant range: Reflected signals must be
received separately to avoid merging of
objects

7 Depends on bandwidth (length of pulse),
whereas distance between objects should
be more than half of the pulse length

7 SLR remains constant, independent of
range

7 Projection into ground range is
dependent of incidence angle 6
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Fundamentals: Geometric Resolution

—  Azimuth resolution RAR: &=

7 Length of antennas is limited
(airborne ~2m, spaceborne ~15m)

7 Simulation of long antenna
(synthetic aperture) by utilizing
forward motion of platform and
special processing of signal

7 Length of synthetic aperture (a, b)
corresponds to distance along the
orbit where target (A, B) is visible

7 Theoretical resolution dx' of the
synthetic aperture is half of the

real antenna length A
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Fundamentals: Radiometric Resolution

7  Sensitivity to the magnitude of the electromagnetic energy

=  The finer the radiometric resolution, the better the ability to discri-
minate differences in the reflected or emitted energy

2-bit (22 = 4 grey values ) 4-bit (2% = 16 grey values ) 6-bit (26 = 64 grey values )
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Image properties: Distortions

—Z  Foreshortening

R 7 Signal reaches base of tall
N ’ feature tilted towards radar
- before it reaches top

»
L% o slant range
AN

7 Slope appears compressed
in slant (Fg) and ground
range (Fg)

7 Foreshortening occurs as
bright area on the sensor’s
side of the feature

geocoded
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Image properties: Distortions

—Z Layover

i LS
‘\é\ slant range b 3
P\ 5 ‘
\\\\‘:\\ i .|
N\ !
N\ [
\.\\_\ j
AR
AR
AN
N\
W\
\ \\
NN o
AN
) ‘\'\_\ \ ,;’
altitude N\ / /

relief

geocoded

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV

in der Helmholtz-Gemeinschaft

Extreme case of
foreshortening

Top of feature is closer to
antenna than bottom

Inversion of geometry

Layover is visible as sharp
fringe
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Image properties:

=7  Shadow

slant range
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Distortions

relief

Occurs behind vertical

features when slope is
steeper then incidence angle

No image information

Black image region
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Image properties: Distortions

7 Example

Layover Foreshortening and shadow
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Image properties: Target interaction

7 Brightness of features in radar imagery depends on portion of
energy that is backscattered to the SAR system

7 Fundamental factors:

7 Surface roughness
7 Dielectric constant

—~ Imaging and surface geometry
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Image properties: Target interaction: Roughness

4 Surface roughness Smooth: height variation much smaller than signal wavelength: specular
Rough: height variations approach size of wavelength: diffuse

~  Function of wavelength and incidence angle

meso

micro
A: double bounce (specular) E: diffuse scattering (volume)
B: direct reflection (specular) F: combinationD & A
C: specular reflection G: multiple double bounce
D: diffuse scattering with dominating direction (H: shadow)
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Image properties:

7 Example: Wavelength

E-SAR X-band (3,1 cm, 9.6 GHz, 2m)
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Image properties: Target interaction

—7 Example: Polarization

E-SAR L-band (HH) E-SAR L-band (HV)
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Image properties: Target interaction

7 Example: Incident angle

Plowed field in near range (~25°) Identical field in far range (~40°)
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Image properties: Target interaction

—7 Example: Complex scattering geometry in urban environment
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Aerial image (~30cm) E-SAR X-band data (~1.5m)
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Image properties:

—Z Example: Multiple scattering

Direct
reflection

Double bounce

‘“3 :.t ‘. '-,'
[PA S
SAR image
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Image properties: Target interaction

7 Example: Moisture content and dielectric properties

E-SAR X-band Aerial image
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Image properties: Target interaction

7  Speckle noise

— Grainy "salt and pepper" texture

— Caused by random constructive and destructive interference from multiple
scattering returns within each resolution cell

—7 Speckle hampers visual and computer-aided analysis of SAR image data

Appearance of speckle noise in TerraSAR-X data
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Image properties: Target interaction

7  Speckle noise
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Image properties: Target interaction

7  Speckle noise
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Image properties: Target interaction

7 Speckle noise: Filtering

Filtered TerraSAR-X intensity image
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Image understanding: Example “Volcano”

Volcano captured by TerraSAR-X (SM, 3m, 27°) Aerial image

7

7 From which direction did the sensor illuminate the area?

7 Can you identify any effects due to distortions?
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Image understanding: Example “Land use”

TSX data (SM, 3m, 27°) Aerial image

i Which land use types and/or man-made structures do you find in the SAR image?
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Image understanding: Example “Urban”

Urban TerraSAR-X scene (HS, 2m, 34°) Aerial image

7 Can you distinguish between different urban structural types?
7 Which effects occur with respect to the roofing of buildings?
7 Can you spot impervious surfaces — except of buildings?
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Image understanding: Example “Forest”

s 3
I = s gt - = - i .

Woodland captured by TerraSAR-X (SM, 6m, 35°)  Aerial image (30cm)

7 What causes the differences in backscatter within the woodland?
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mage enhancement: Data stretch (Example “Ship”

TerraSAR-X image of Suez channel (linear stretch 0 - 250)
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Image enhancement:

. Imagelnfo (ship.tif)

. Histogram for ship.tif(:Layer_1)

Data stretch (Example “Ship™)

File Edit WView Help ) . .
Bin Function : Linear
B DSzl [T e R 107.548 19680
! eneral ! Proiection] Histogram] Finel data] R
) Layer Mame: Layer_1 File Type: TIFF
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| Block ‘width: 3537 Block Height: 1 Data Type: Unsigned 16-bit
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Compression: Mone Data Order; BIF
Pyramid Layer Algarithmn: Mo pyramid layers present
Mir: 1 Max 19880 Mear:  107.548 4524253
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| Skip Factar 3 1 Skip Factar 1
Last Modified: Thudpr 1017:07:10 2008
tap Info: Upper Left x: 32.554235688506260 Upper Left " 30.073137902188530
™ [File) Lower Right x: 32 584354103112310 Lower Right *v': 30.0553307730500380
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Image Info Histogram
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TerraSAR-X image of Suez channel (linear stretch 0 - 300)

7 Improve the visualization of the ship in order to increase the level of detail.

i Try to characterize of the ship!

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV.
in der Helmholtz-Gemeinschaft Deutsches Fernerkundungsdatenzentrum



J

TerraSAR-X image of Suez channel (linear stretch 100 - 1000)
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Ship captured by TerraSAR-X
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—~ Container ship

~ Bridge almost in central position (OK)

7 Length : ~ 400m (397m)

— Width: ~ 55m (56m)

—7 ~ 24 rows of containers (13 front, 11 back) (23, 13/10)

Container ship “Emma Maersk”
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Image enhancement: Speckle suppression

Input image Output image

Transformation ]

[
L 9Xy)=T{a(xy)} |

X -

y :
v
10 10 | 10 1 1 1 X X X
36 | 36 | 36 1 1 1 X 21 X
17 17 | 17 1 1 1 X X X
Input image Transfer function Output image

Z(IO+10+10+36+36+36+17+17+17)
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Filtered image (7x7 mean)
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£ Demo Selective Mean Filter

SPATIAL ADAPTATION
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Graphical User Interface (GUI) of SelectiveMean filter
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GUI of texture analysis tool
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Original image Image norm (alpha =2, beta = 1)
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Image classification:
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Analysis Builder: New Action Library

Image Segmentation -

Image Clazzification [detection of urban areas) -

Select Filtered Image |D:'u:ourse\settlement_detection\in Browse. ..

rowse. |
rowse. |

Select Speckle Divergence |D:'u:ourse\settlement_detection\in Browse. ..
File

[ LOAD |

Levell [ Diclete l

Delete

Start the image segmentation with the defined parameter

Detection of built-up areas
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Image classification:

Analysis Builder: New Action Library

Image Seagmentation -

+ Image Classification [detection of wban areas) -

[1dentiy astnite uban scaterers wsty |
Brightness 100 Jil 200

Brightness 100 J &0

Mo. U51 in neighborhood 0 J a0

Tt TN T
No. UST+LIS2+L7 ST

Max. area 0 €000
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Detection of built-up areas

Analysis Builder: New Action Library

Image Segmentation -

Image Clazsification [detection of urban areas) -

Brightness

_ [
Erightness 100 .*’J. e =1 1]

Mo, US1 in neighbaorkiood

Texture

Mo US1+U52+UF 100
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Image classification: Detection of built-up areas

| m
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