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Datacapturing

ASatellite data km30cm(nowadays)

AAerialdata (dm-cm)

ADrone data (cm)

ATerrestrialdata (field spectrometer, spectroscopy)



Typeof remotelysenseddata

AMultispectral data

Hyperspectral data

_idar data

Radar data

Panchromatic data (veryhighresolution)
Declasified data (historical)
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RS application (optical satellite RS)
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Typicalmonitoring of an areawith repeated satellite images, time
changesin classificated groups (e.g. deforesstation, changesin
land use or land-cover, city growings etc.)



to right) over Gettysburg, South Dakota, USA, res.5m



Agriculture

AMonitoring of crop status
ACrop identification
ACrop prediction
Adotations
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A vector layer over a true colour satellite image, showing different fields.
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SPOT false colour composite of agricultural fields in Italy .
Source: Satellite Imaging Corporation and SPOT Image Corporation



Deforrestation, Brasil




LandsatTM image(R:G:B=5:4:3)
Zoom x2 x10

Fig. Deforestatidn in Cémbodia (1993-2006)
[ 11993-97 Deforested Area Il Forest
1997-02 Deforested Area Il Agricultural

B Shrub
(i
2002-06 Deforested Area :l Others

Rubber Plantation  Agricultural land
(Ex.Size=400ha) (Ex.Size=1-6ha)



L and use / land cover

ATypical task in RS
AOutputs are thematical maps
Amonitoring



Landsat TM 4,5,3 (29.8.1990) and Terra/
Aster 3N,4,2 (28.5.2002), seazonal changes




Corine Land Cover

AFirst pan-European mapping based on satellite images, Land
Cover database (GIS)



Corine Land Cover

CLC2012 Europe
Corine Land Cover Plus
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Interpretation results from CORINE

ARTIFICIAL SURFACES

UREAN FABRIC
W 111 Contnuous urban Tabnc

W 112 Disconfinuous urban fabec

FOREST AND SEMINATURAL AREA
FORESTS

B 211 Bread-lesved Tomst

M 212 Condfarcus fooest

INDUSTRIAL, COMMERCIAL AND TRANSPORT UNITS 8 313 Mixed toreat

121 Fndustrial, commercial and pudiic unia

122 Road and rail networks and assocated kand
B 123 Port dvidn.

B 124 Airport

MINES, DUMPS AND COMSTRUCTION SITES
B 131 Mineval axtrachan sies

M 122 Dump sites
B 132 Construction sies

SCRUBS AMDVOR HERBACEOUS VEGETATION

B 321 Natural grassland

& 322 Wicors and heathleed
3324 Transidonal woodlang-sorus

OPEN SPACES WITH LITTLE OR NO VEGETATION
X311 Beaches, dunes, sand
12 Bare ok

¥ 333 Sparsoly vegelaed aneas

W 234 Bumni amas

ARTIFICIAL RON-AGRICULTURAL VEGETATED AREAS % Glackrs e porparlunl snow

B 141 Grean urhan soems
9 1 &2 Spor and leisune facilities

AGRICULTURAL AREAS
ARABLE LAMD
211 Non-krigated arable land

PERMANENT CROPS
B 221 Vineyands
177 222 Frul ees. and Bermss plantations

PASTURES
B 231 Pastures

Jut
INLAND WETLANDS
W 11 Intand mashes
B 412 Pest bogs
COASTAL WETLANDS
£ 471 581 marbas
423 Imetical fiats

WATER BODIES

INLAND WATERS
B 517 Wdwter courses.

B 512 Water bodies
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Changes in land cover

Satellite images: from 1992 on the left (Landsat-5 TM) and July 2001,
highway construction, Germany



Mapping and cartography

ATopographic maps

ADTM

AMonitoring of changes

ASatellite mapsT orthophoto maps



Mappingandcartography




GlobalsatellitederivedDTM

AGDEM from Aster sensor, Terrasatellite
Ahttps://www.earthdata.nasa.gov/news/new-version-aster-gdem

ASRTM $pace Shutle INSARmission)
Ahttps://www.earthdata.nasa.gov/data/instruments/srtm



https://www.earthdata.nasa.gov/news/new-version-aster-gdem
https://www.earthdata.nasa.gov/news/new-version-aster-gdem
https://www.earthdata.nasa.gov/news/new-version-aster-gdem
https://www.earthdata.nasa.gov/news/new-version-aster-gdem
https://www.earthdata.nasa.gov/news/new-version-aster-gdem
https://www.earthdata.nasa.gov/news/new-version-aster-gdem
https://www.earthdata.nasa.gov/news/new-version-aster-gdem
https://www.earthdata.nasa.gov/news/new-version-aster-gdem
https://www.earthdata.nasa.gov/data/instruments/srtm
https://www.earthdata.nasa.gov/data/instruments/srtm

DTM

Terra/Aster and Aster GDEM







Ecology and construction

QUiCkBird, ' /
multispectral image,
geom.resolution
2.4m, old river
meanders, near
Terezin city, CZ




Catastrophic events

AFlooding
ATornados
AEarthquake
ATsunami



Flooding
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Tornados storms

Lawton.




Archaeology

ADistant, problematic or dangerous areas

AView from above on archaeological sites (depend on size of digs or
objects)

AFinding of new objects
ADocumentation of existing in this turbulent time



Archaeology

Pleiades stereo




Photogrammetry and RS




Nasca desert geoglyphos

Terra/Aster, resolution 15m
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Nasca desert geoglyphos
AQuickBird, resolution 0,65m




U.S. recoinossance satellites

APossibility to prolong RS tothe past
ADeclasified military satellite images



Citygrowing
Erbil/ Kurdistan
1948: 40thousand residents
2016: 2millions
2025: 2.5millions

1968, 1973, 1975
and 1980, new from



Archaeology

AOId structures, today not visible or destroyed
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Hyperspectral imaging
and processing

Source NASA http://rst.gsfc.nasa.gov/
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Vegetation cover distribution of selected area near Nejdek

The Ore Mountains, Czech Republic
Hyperion 4 .4 2009
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Spectral Library:
Combination of USGS and
DRI (Chris Elvidge)

= ] d

e se— o

WapFroecior UK, Jore il laorh

Perrentage area distribution

W AzpenLal
mOkc Spnks
iz
WL aie
Ehdop s Lowwa
EFirnaFre
anlvar Bl
el

Laybarg gave




APl

AVIRIS CONCEPT

EACH SPATIAL ELEMENT HAS A
CONTINUCUS SPECTRUM THAT
IS USED TO ANALYZE THE
SURFACE AND ATHMOSPHERE

224 SPECTRAL IMAGES
TAKEN SIMULTANEQUSLY
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RS application (radar RS)

ARadar technology (RAR)
ASAR technology
Alnterferometry (nSAR

Real Aperture Radars have azimuth resolution determined

by the antenna beamwidth, so that it is _
proportional to the distance between the radar and the ) Synthetic Aperture
target (slantrange). For real aperture radars, Radars(SAR)
azimuth resolution can be improved only by longer antenna

or shorter wavelength.



A Real Aperture Radar Resolution
The spatial resolution of RAR is primarily determined by the size of the antenna used: the
larger the antenna, the better the spatial resolution. Other determining factors include the
Gedt JWI 2l ¢qRYULWb™ bWecUI WagéWWecUqUUCWHWE G5 RI a
A Range resolution is defined as

cT
rESrange = 9
where c is the speed of light.
A Azimuth resolution is defined as AR
TeS grimuth = 5
L

where L is the antenna length, R the distance antenrRE H T W H g AW UT W Wa 6 1J Ws
systems where the antenna beamwidth is controlled by the physical length of the antenna,
typical resolutions are in the order of several kilometrels

The spatial resolution of radar data is directly related to the ratio of the sensor wavelength to the length of the
sensor's antenna. For a given wavelength, the longer the antenna, the higher the spatial resolution. From a
satellite in space operating at a wavelength of about 5 cm (Gand radar), in order to get a spatial resolution of 10
m, you would need a radar antenna about 4250 m long. (That's over 47 football fields!)

An antenna of that size is not practical for a satellite sensor in space.



SARprinciple
APrinciple of SAR

ASAR is aractive remote sensing technology that uses
microwave radar pulses q Y IWURG ¢ DI Waq 6 JWECE | qb K}

AUnlike optical sensors, SAR doesot depend on sunlight and can
penetrate clouds, fog, and smoke , making it ideal forall -
weather, day -and-night imaging.

AThe termsynthetic aperturerefers to the technique of simulating a
very large antenna by combining signals collected by a smaller
antenna as it moves along its flight path.

https:/topex.ucsd.edu/rs/sar_summary.pdf



Conceptional view of radar resolution:
(a) real aperture radar resolution

(b) synthetic
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(a) (b)



Notonlythe Eartis

Aln 1989, NASA launched the Magellan mission to perform detalled
| ¢l ¢l Widec GGRUNWYNWOYEWY nWéWUeat k W
of 75100 m/pixel. This mapping was completed using Synthetic
Aperture Radar (SAR) imaging.
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Graff, Jamie & Ernst, Richard & Samson, Claire. (2014). Mapping and Analysis .. :
the Tectono-Magmatic Features along the Hecate Chasma Rift System, Venus. Radar images of Venus, NASA, JPL



Spaceborne SAR

Country
Launching yvear
Inclination angle
Repetition days
Weight

Height
Frequency
Polanzation

Swap width

Azimuth
resolubion
Range resolution

PRF

Peak power
Bandwidth

Antenna size

SEASAT

us
1978
108 0°
17
2.300 kg
760 km
1275 GHz
HH

100 km

20m
25m

1463
1640Hz

1.0 kW

19 MHz

2 16x10.74m

]

ALMAZA1
USSR
1991

73 0w
6,500 kg
270-380 km
3.000 GHz
HH

35 - 55 km

i5m

15-30m

15x15 m

ERS-1
EU
1991
98 5°
3,35, 176
2,157 kg
785 km
5.300 GHz
vV

100 km

J0m
30 m

1640-
1720Hz

4.8 KW
19 MHz

1x10m

JERS-1SAR

Japan
1992
a7 7°
44
1,340 kg
568 km
1.275 GHz
HH

75 km

1.606.0 Hz

J25W(1.3

kW spec)
15 MH2

22x119m

Radarsat

Canada
1995
a8 60

793-821 km
5.300 GHz
HH

90 — 500 km

9—-147/m

G—-147Tm

1361

o kW

11 6/17 3/30
0 MHz
1.5x15m

ENVISAT

£y
2002
a8 55°
35
8211 kg
799.8 km
5331 GHz
HH VV, HH
+HVWVV+
VH HH+HV

104 8
Km

96.5

30-1000 m

30-1000 m

1.4 kW

8.48-16 MH2

13x10m

ALOS
PALSAR
Japan
2006
98 16°
46
4 000 kg
691.65 km
1.270 GHz
HH VV, HH
+HV VV+
VH HH+VV
+HV+VH
20 — 350 km

10-100 m
7 —100 km
10-100 m
7 — 100 km
2776 Hz

23 kKW

14 MH228
MHz
3.1x89m

TerraSAR-X

Germany
2007
97 440
1"
1,.250kg
475525 km
9,650 GHz
HH+*VV,
HH+HV,
VV+HY

Along 5 km

Across 15, 30,

100 km
1.2, 3. 15m
12.12.3 16

m

3. 000-
6.500Hz

2.260 kW
5-300 MHz

4 78x0 70m

Sentinel-1A/1B

ESA
2014
08 18°
12
2,300 kg
043
5,405 GHz
VV+VH,
HH+HV

80 km

om

Jm

5,900W
0-100 MH2z

123mx0821m

CP-SAR

Japan
20"

97 6v
44
150 kg
500-800
1,270 GHz
LL+*LR
RR+RL

50 km

1-30m
1-30 m

2,000-2 500Hz

1,500W
400 MH2

Diameter 3.6m



SAR RADAR Band Frequency Range (GHz)  Corresponding Wavelength

Range(cm)
Differentbands -
L 1-2 30-15
S 2-4 15-75
C 4-8 D305
X 8-12.5 3.75-2.40
Ku 12.5-18 2.40-1.67
K 18-26.5 1.67-1.13
26.5- 40 1.13-0.75
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Adow it works :

1.The radar sends out pulses toward the ground.

2.Reflected signals (backscatter) are recorded.

3.By using the motion of the platform (satellite or aircraft), SAR synthesizes a large antenna aperture,
4.mproving spatial resolution.

Aey advantage : High-resolution imaging without requiring a physically huge antenna

A(which would be impractical in space).

Arequency bands : SAR operates in microwave bands (X-band, C-band, L-band, P-band), each suited for
different applications:

A-band (87 12 GHz): High-resolution, urban mapping.

AC-band (41 8 GHz): Agriculture, disaster monitoring (e.g., Sentinel-1).

A -band (112 GHz): Penetrates vegetation, useful for forestry and geology.

A-band (<1 GHz) : Deep penetration for subsurface studies.

Adpplications :

Misaster monitoring (floods, earthquakes, landslides).

AEnvironmental monitoring (deforestation, wetlands).

Anfrastructure and urban mapping.

AMilitary and surveillance.

Addvantages over optical imaging

Anorks in darkness and through clouds.

Mrovides both amplitude (brightness) and phase information, enabling advanced techniques like
AnSAR for detecting ground deformation.



SAR Geometry in SAR Geometry in Arhe satellite moves along its flight path |,

Range Resolution Azimuth Resolution transmitting radar waves toward the
P | ground.
Sa??? "e”'te AThe synthetic aperture is created by
< \Radar waves . combining radar returns collected over the
A Radar waves : N : :
satelli teds motion, sSiI
. Near range Flight Path antenna.
& = AResolution cells represent the smallest
o Range / Target distinguishable area on the ground.
.y Resolution Arhe target is illuminated multiple times
Far Range |/ from different positions, enabling high-

/ \ Azimuth resolution imaging.
Near =

Range "Azimuth Resolution
Resolution

Range Resolution

MDetermined by thesynthetic aperture length and Doppler ﬁDfe.termin(.ed.by theradar pulse baanidth ' l,t measures the
ability to distinguish two targetsat different distances from

processing . It measures the ability to distinguish two he rad
targets along the flight path . the radar. o
,O ' — Z =z =
30 ¢ . ' 3GE7 .y
where $= physical antenna length (for real aperture SAR where o> speed of light 0= radar signal bandwidth

. : . .__Incidence angle
improves this by synthesizing a much larger aperture using ANear range and far range define the swath across the
motion.

around.

Azimuth Resolution



Step-by-Step Explanation
1.Radar Transmission
1. The satellite emitsmicrowave radar pulses toward the ground.
2. These pulses travel at the speed of light and reflect back from surface features (targets).
2.Side-Looking Geometry
1. SAR typically uses &ide-looking configuration , meaning the radar beam is directed sideways rather
than straight down.
2. This allows for a wide swath of ground to be imaged.
3.Synthetic Aperture Formation
1. As the satellite moves along itdlight path , it collects multiple radar echoes from the same target at
different positions.
2. These echoes are combined usin@poppler frequency shifts and phase information to simulate a much
larger antenna.
3.N6Rt Wt ! U6 lJgqRELWE GIJI gazimufhvseddlutian G(dlondRrEck @dolutidiR & G1 Y 2 13t W
4.Resolution Cell
1. The smallest distinguishable area on the ground is called @solution cell .
2. SAR achieves fine resolution by processing theoherent sum of signals over the synthetic aperture
length.
5.Doppler Effect
1. Targets ahead or behind the radar beam produce slightly different Doppler frequencies.
2. SAR uses this frequency variation to separate targets and sharpen the image.
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