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Data capturing

ÅSatellite data   km-30cm(nowadays)
ÅAerialdata  (dm-cm)
ÅDrone data (cm)
ÅTerrestrialdata (field spectrometer, spectroscopy)



Type of remotelysenseddata

ÅMultispectral data
ÅHyperspectral data
ÅLidar data
ÅRadar data
ÅPanchromatic data (very high resolution)
ÅDeclasified data (historical)



RS application (optical satellite RS)

љÑŔůĲШĤċƚĲљШor temporal imaging

Typicalmonitoring of an area with repeated satellite images, time
changesin classificated groups (e.g. deforesstation, changesin 
land use or land-cover, city growingвetc.)



Agriculture

RapidEye Ortho Product (Level 3A) tile acquired in May, June, July, August (left 

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



Agriculture
ÅMonitoring of crop status
ÅCrop identification
ÅCrop prediction
Ådotations



Deforrestation, Brasil





Land use / land cover

ÅTypical task in RS
ÅOutputs are thematical maps
Åmonitoring



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



Corine Land Cover

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



Corine Land Cover



Interpretation results from CORINE



Changes in land cover

Åhighwasconstruction , Grermany

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

highway construction, Germany 



Mapping and cartography

ÅTopographic maps
ÅDTM
ÅMonitoring of changes
ÅSatellite maps тorthophoto maps



Mappingand cartography

Prague on Landsat MSS, TM and SPOT



GlobalsatellitederivedDTM

ÅGDEM (from Aster sensor, Terrasatellite
Åhttps://www.earthdata.nasa.gov/news/new-version-aster-gdem

ÅSRTM (SpaceShutle InSARmission)
Åhttps://www.earthdata.nasa.gov/data/instruments/srtm
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DTM
Terra/Aster and Aster GDEM



Erbil



Ecology and construction
QuickBird, 

multispectral image, 

geom.resolution

2.4m, old river

meanders, near

Terezin city, CZ 



Catastrophic events

ÅFlooding
ÅTornados
ÅEarthquake
ÅTsunami



Flooding
SPOT, pan-sharp. Geom.res.10m, flooding on Dyje River, CZ, 2002



Tornados - storms

Modis Aqua satellite, NASA



Archaeology

ÅDistant, problematic or dangerous areas
ÅView from above on archaeological sites (depend on size of digs or 

objects)
ÅFinding of new objects
ÅDocumentation of existing in this turbulent time



Archaeology
Pleiades stereo



Photogrammetry and RS



Nasca desert - geoglyphos
Terra/Aster, resolution 15m



Nasca desert - geoglyphos
ÅQuickBird, resolution 0,65m



U.S. recoinossance satellites

ÅPossibility to prolong RS to the past
ÅDeclasified military satellite images



City growing
ÅErbil / Kurdistan
Å1948: 40 thousand residents
Å2016: 2 millions
Å2025: 2.5 millions

1968, 1973, 1975 
and 1980 , new from 
2000, 2005



Archaeology
ÅOld structures, today not visible or destroyed



Hyperspectral imaging
and processing

Source NASA http://rst.gsfc.nasa.gov/





RS application (radar RS)

ÅRadar technology (RAR)
ÅSAR technology
ÅInterferometry (InSAR)

Real Aperture Radars have azimuth resolution determined 
by the antenna beamwidth, so that it is
proportional to the distance between the radar and the 
target (slant-range). For real aperture radars,
azimuth resolution can be improved only by longer antenna 
or shorter wavelength.

Synthetic Aperture 
Radars (SAR)



ÅReal 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
ƓƨũƚĲШĬƨƖċƣŔŸŰШы͛ьШċŰĬШƣőĲШċŰƣĲŰŰċШĤĲċůƽŔĬƣőЮ
ÅRange resolution is defined as

where c is the speed of light.

ÅAzimuth resolution is defined as

where L is the antenna length, R the distance antenna-ŸĤŢĲĦƣЯШċŰĬШ͒ШƣőĲШƽċƻĲũĲŰŊƣőЮШ[ŸƖ
systems where the antenna beamwidth is controlled by the physical length of the antenna,
typical resolutions are in the order of several kilometres!

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 (C-band 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. 



SAR principle
ÅPrinciple of SAR
ÅSAR is an active remote sensing technology  that uses 

microwave radar pulses  ƣŸШŔůċŊĲШƣőĲШEċƖƣőќƚШƚƨƖŉċĦĲЮ
ÅUnlike optical sensors, SAR does not depend on sunlight  and can 

penetrate clouds, fog, and smoke , making it ideal for all -
weather, day -and-night imaging .
ÅThe term synthetic aperture refers 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





Not onlytheEarthв
ÅIn 1989, NASA launched the Magellan mission to perform detailed 
ƖċĬċƖШůċƓƓŔŰŊШŸŉШΦΥӖШŸŉШéĲŰƨƚќШƚƨƖŉċĦĲШŉƖŸůШŸƖĤŔƣШċƣШċШƖĲƚŸũƨƣŔŸŰШ
of 75-100 m/pixel. This mapping was completed using Synthetic 
Aperture Radar (SAR) imaging.

Graff, Jamie & Ernst, Richard & Samson, Claire. (2014). Mapping and Analysis of 
the Tectono-Magmatic Features along the Hecate Chasma Rift System, Venus. Radar images of Venus, NASA, JPL 





Differentbands



ÅHow 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. 

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

Å (which would be impractical in space). 

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

different applications: 

ÅX-band (8ï12 GHz): High-resolution, urban mapping. 

ÅC-band (4ï8 GHz): Agriculture, disaster monitoring (e.g., Sentinel-1). 

ÅL-band (1ï2 GHz): Penetrates vegetation, useful for forestry and geology. 

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

ÅApplications : 

ÅDisaster monitoring (floods, earthquakes, landslides). 

ÅEnvironmental monitoring (deforestation, wetlands). 

ÅInfrastructure and urban mapping. 

ÅMilitary and surveillance. 

ÅAdvantages over optical imaging : 

ÅWorks in darkness and through clouds. 

ÅProvides both amplitude (brightness)  and phase  information, enabling advanced techniques like 

ÅInSAR  for detecting ground deformation. 



ÅThe satellite  moves along its flight path , 

transmitting radar waves  toward the 

ground. 

ÅThe synthetic aperture  is created by 

combining radar returns collected over the 

satelliteôs motion, simulating a much larger 

antenna. 

ÅResolution cells  represent the smallest 

distinguishable area on the ground. 

ÅThe target  is illuminated multiple times 

from different positions, enabling high-

resolution imaging. 

Azimuth Resolution
ÅDetermined by the synthetic aperture length  and Doppler 
processing . It measures the ability to distinguish two 
targets along the flight path .

ɝὃ
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where$= physical antenna length (for real aperture), SAR 
improves this by synthesizing a much larger aperture using 
motion.

Range Resolution
ÅDetermined by the radar pulse bandwidth . It measures the 
ability to distinguish two targets at different distances  from 
the radar.
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whereὧ= speed of light, ὄ= radar signal bandwidth, 
incidence angle
ÅNear range and far range define the swath across the 
ground.



Step-by-Step Explanation
1.Radar Transmission

1. The satellite emits microwave 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 a side-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 its flight path , it collects multiple radar echoes from the same target at 

different positions.
2. These echoes are combined using Doppler frequency shifts  and phase information  to simulate a much 

larger antenna.
3. ÑőŔƚШљƚǃŰƣőĲƣŔĦШċƓĲƖƣƨƖĲњШĬƖċůċƣŔĦċũũǃШŔůƓƖŸƻĲƚШazimuth resolution  (along-track resolution).

4.Resolution Cell
1. The smallest distinguishable area on the ground is called a resolution cell .
2. SAR achieves fine resolution by processing the coherent 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.





ÅĲċũШĤĲċůШƽŔĬƣőШ͉ШӀШ͒ШоШ?
ÅĲċũШƖĲƚŸũƨƣŔŸŰШӏxШӀШ͉ШЮШÅШӀШxƚШыƚǃŰƣőĲƣŔĦШċƓĲƖƣƨƖĲШũĲŰŊƣőь

ÉǃŰƣőĲƣŔĦШĤĲċůШƽŔĬƣőШ͉ƚШӀШ͒ШоШΞШЮШxƚШӀШ?ШоШыΞШЮШÅь
ÉǃŰƣőĲƣŔĦШƖĲƚŸũƨƣŔŸŰШӏxƚШӀШ͉ƚШЮШÅШӀШ?ШоШΞ

ƽőĲƖĲШ͒ШŔƚШƣőĲШƽċƻĲũĲŰŊƣőЯШ?ШƣőĲШƖċĬċƖШċƓĲƖƣƨƖĲЯШċŰĬШÅШƣőĲШĬŔƚƣċŰĦĲШċŰƣĲŰŰċ-object


