
Czech Geological Survey 

Remote sensing unit 



• Part of the Dpt. of Regional geology of crystalline complexes   

• Since 2005 

• Processing of satellite and airborne data 

• Geoinformation products related to geological, geomorphological and 
environmental applications 
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• Acquisition of information about Earth‘s 
surface without direct contact via detection of 
reflected or emmited electromagnetic (EM) 
radiation 

a) Reflected solar radiation (0.4-2.5 μm) 

• VIS: visible -  (0.4-0.7 μm) 

• NIR: near infrared (0.7-1.2 μm) 

• SWIR: short wave infrared (1.2-2.5 μm) 

b) Emmited thermal radiation (8-15 μm) 

c) Artificial radiation (RADAR) (0.8 mm – 1 m) 

• Visualization of the measured intensities of 
reflected or emmited radiation → image data 

• Data acquired in various wavelengths of EM 
radiation → multispectral principle 

• Each spectral band of the image data 
represents different interval of EM radiation 
wavelengths 

 

Remote sensing: basic principle 



Remote sensing: data visualization 

480 nm 550 nm 650 nm 750 nm 1650 nm 2200 nm 



U.S. Geological Survey data archive 

• Available via Earth Explorer stewardship 
system 

• http://earthexplorer.usgs.gov 

• Required registration (free of charge) 

• Wide range of RS data 

• Landsat 4, 5 and 7 (TM and ETM+) 

• EO-1 (ALI and Hyperion) 

• SRTM Digital Elevation Model 

• ASTER Digital Elevation Model 

 

 

Sources of Remote Sensing data 

http://earthexplorer.usgs.gov/


Earth Explorer: Definition of the area of interest 

• Manually, Shapefile, KML file 

 

Sources of Remote Sensing data 



Earth Explorer: Selection of the dataset 

 

Sources of Remote Sensing data 



Sources of Remote Sensing data 

Earth Explorer: Additional criteria (optional) 

• Scene position (row, path) 

• Cloud coverage (%) 

• Processing level 

• Day/night data 



Sources of Remote Sensing data 

Earth Explorer: Results 

• Footprint, Quicklook, Metadata 

Footprint 
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Earth Explorer: Results 

• Footprint, Quicklook, Metadata 

Footprint Quicklook 



Sources of Remote Sensing data 

Earth Explorer: Results 

• Footprint, Quicklook, Metadata 

Footprint Quicklook 

Metadata 



Sources of Remote Sensing data 

Earth Explorer: Data ordering 

1. Already pre-processed data 

• No shopping cart icon 

• Data required by another user in the past 

• Already preprocessed (Level 1G or Level 1T) 

• Ready for direct download 

 

2. Data waiting for pre-processing 

• Shopping cart icon available 

• Data have not been processed yet 

• JPEG quicklooks available only! 

• Pre-processing must be ordered (free of charge) 

• Data are added into archive and prepared for download 

• The user ordering the data preprocessing is informed 
by e-mail when the data are ready for download 

 



Sources of Remote Sensing data 

ERSDAC GDS: 

• http://gds.aster.ersdac.jspacesystems.or.jp 

• ASTER (multispectral data) 

• Level 1B 

• UTM coordinate system 

• ALOS/PALSAR (radar data) 

 

 

 

http://gds.aster.ersdac.jspacesystems.or.jp/
http://gds.aster.ersdac.jspacesystems.or.jp/
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Landsat 

• Long-term Earth observation mission 

• Since 1972 (MSS), 1982 (TM) 

• Data available via Earth Explorer 

• Data cost: free of charge 

• Scene dimensions: 180 x 180 km  

• Landsat 5 (1984-2012): 

• Thematic Mapper (TM) sensor 

• 6 spectral bands (3 VIS, 1 NIR, 2 SWIR, 1 TIR) 

• Spatial resolution: 30 m (VIS, NIR and SWIR), 120 m (TIR) 

• Landsat 7 (1999-?): 

• Ehnanced Thematic Mapper + (ETM+) sensor 

• 8 spectral bands (3 VIS, 1NIR, 2 SWIR, 1 TIR and 1 PAN) 

• Spectral resolution  

• Data acquired after May 2003 are not usable due to technical 
failure of the ETM+ sensor 

 

 

 



Landsat 

band TM 
(Landsat 5) 

ETM+ 
(Landsat 7) 

Use 

1:VIS-B 
(0.45-0.52 μm) 

30 m 30 m Fe2+ and Fe3+ absorption – low values for Fe bearing minerals (pyrite, hematite, 
goethite…); kaolinite – high values; absorption of vegetation pigments – low 
values  

2:VIS-G 
(0.53-0,60 μm) 

30 m 30 m Fe2+ reflection X Fe3+ absorption - ; Fe2+ higher values than Fe3+  minerals; 
kaolinite – high values; high reflectivity of vegetation 

3: VIS-R 
(0.63-0.69 μm) 

30 m 30 m Fe2+ absorption – moderate values of Fe2+ bearing minerals; absorption of 
chlorophyll – low values for vegetation 

4: NIR 
(0.75-0.90 μm) 

30 m 30 m  Crystal field absorption – moderate values of goethitic and hematitic iron; clays – 
high values; cellular structure reflection – very high values of vegetation 

5: SWIR  
(1.55-1.75 μm) 

30 m 30 m Highest values for most rock and soil types, high values för hdrothermally altered 
rocks 

7: SWIR 
(2.09-2.35 μm)  

30 m 30 m Absorption of –OH and CO3 bearing minerals – low values for clays, mica, 
carbonates and sulphates groups 

6: TIR 
(10.4-12.5μm) 

120 m 60 m Igneous rocks, quartz and feldspars 

8: PAN 
(0.52-0.90μm) 

X 15 m More surface details visible due to higher spatial resolution 



Landsat: band combinations 

• RGB composites 

• RGB: 3-2-1 (VIS) 

• True (natural)color 

• RGB: 4-3-2 (VNIR) 

• Useful for vegetation studies  

• RGB: 5-4-2 

• Mineral composition 

• RGB: 7-4-1 

• Mineral composition 

• Hydrothermal alterations 

 

 

 

 

 

 

 

 

RGB: 3-2-1 (VIS – true color) 
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RGB: 3-2-1 (VIS – true color) RGB: 4-3-2 (NIR+VIS) 
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RGB: 3-2-1 (VIS – true color) RGB: 4-3-2 (NIR+VIS) RGB: 5-4-2 (SWIR1+NIR+VIS) 



Landsat: band combinations 
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RGB: 3-2-1 (VIS – true color) RGB: 4-3-2 (NIR+VIS) RGB: 5-4-2 (SWIR1+NIR+VIS) RGB: 7-4-1 (SWIR2-NIR-VIS) 



Landsat: band ratios 

 

 
• Enhancing of the spectral contrast 

• Removal of topographic effects 
and shadows 

• 3/1: iron oxides, Fe bearing 
minerals (hematite, goethite, 
pyrite…) 

• 5/7: intensity of hydroxyl 
absorption (clay minerals) 

• 5/4: Fe2+ detection discrimination 
of gossans and iron rich zones 

• RGB: 5/7-3/1-4/3 (hydrothermal 
alterations) 

• RGB: 5/7-3/1-3/5 (hydrothermal 
alterations, granites, migmatites, 
gabbros, basalts, tuffs, trachytes) 

• RGB: 5/7-4/5-3/1 (mineral composition)  

• RGB: 5/7-5/4-3/1 (mineral composition) 

• RGB: 4/5-6/7-4/6 (granitoids, ignenous 
rocks) 

 

 

 

 

 

 

 

 

RGB: 5/7-3/1-4/3 (hydrothermal alterations) 
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RGB: 5/7-3/1-4/3 (hydrothermal alterations) RGB: 5/7-3/1-3/5 (alterations, granitesa, migmatites, tuffs, gabbros…) 
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RGB: 5/7-3/1-4/3 (hydrothermal alterations) RGB: 5/7-3/1-3/5 (alterations, granitesa, migmatites, tuffs, gabbros…) RGB: 5/7-4/5-3/1 (mineral composition) 
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Landsat: PCA transformation 

 

 
• Only 3 bands can be visualized by 

any RGB combination → 
information beard by other bands 
is invisible 

• Spectral bands are strongly 
correlated 

• Principle Component Analysis 
(PCA) 

• Compression of the information 
from original correlated bands into 
few uncorrelated components 

• E.g.: 95% of information from 6 
original bands of TM/ETM+ could 
be compressed into 3 components 
that might be easily visualized    

 

 

 

 

 

 

 

 

RGB: PCA1-PCA2-PCA3 



ASTER 

• EOS – Terra satellite 

• Operated since 2000 

• Data ordering via ERSDAC 

• Data cost: 125 USD (9800 YEN) per scene 

• Scene dimensions: 62 x 62 km 

• 16 spectral bands 

• 2 VIS  (15 m) 

• 2 NIR (15 m, nadir and backward looking →DEM) 

• 6 SWIR (30 m) 

• 5 TIR (90 m) 

• Data acquired after April 2008 are not usable due to 
technical failure of the sensor (in SWIR domain) 

 

 

 

 

 

 

 

 

 

 



ASTER 

band range resolution 

1: VIS-G 0.52-0.60 μm 15 m 

2: VIS-R 0.63-0.69 μm 15 m 

3N: NIR 0.76-0.86 μm 15 m 

3B: NIR 0.76-0.86 μm 15 m 

5: SWIR 1.60-1.70 μm 30 m 

6: SWIR 2.15-2.19 μm 30 m 

7: SWIR 2.19-2.23 μm 30 m 

8: SWIR 2.24-2.29 μm 30 m 

9: SWIR 2.30-2.37 μm 30 m 

10: SWIR 2.36-2.43 μm 30 m 

11: TIR 8.13-8.48 μm 90 m 

12: TIR 8.48-8.83 μm 90 m 

13: TIR 8.93-9.28 μm 90 m 

14: TIR 10.25-10.95 μm 90 m 

15: TIR 10.95-11.65 μm  90 m 



Detection of El-Niño induced changes based on analysis of multitemporal EO data 

ASTER/Landsat 

Mineral composition color scheme of Landsat TM data 
A) 1985 B) 1990 C) 2000/2001 



Detection of El-Niño induced changes based on analysis of multitemporal EO data 

ASTER 

ASTER TIR analysis – mineralogical band ratios 
A)  wet season B) dry season 



Detection of El-Niño induced changes based on analysis of multitemporal EO data 

ASTER/Landsat 

Land cover classification of Landsat TM data 
A)  1985 B) 1990 C) 2000/2001 



Temporal changes: coastal lines 

• Landsat TM/ETM+ data available since 1982 

• 30 years long time series 

• Detection of the changes of lake coastal lines  

• Data from the same part of the year (month) → comparable conditions → periodical changes 
of the water level (dry/wet periods)  

• 4 time horizons: 

1. 1987 (Landsat 5 TM) 

2. 1995 (Landsat 5 TM) 

3. 2000 (Landsat 7 ETM+) 

4. 2010/2011 (Landsat 5 TM) 

 

 

1987 1995 2000 2010 



Temporal changes: coastal lines 

Landsat data Classification: 
Water and other surfaces  
ENVI, ERDAS Imagine… 

Water mask extraction: 
ENVI, ERDAS Imagine, ArcGIS… 

Conversion of raster water mask to 
vector data 
ArcGIS: Raster to Polygon 
No polygon simplification!!! 



Temporal changes: coastal lines 

Step 1: original vector data 

Step 1: Original vector data 

• Original data are ragged → lines 
follow pixels of the original raster data  

Step 2: Polygon simplification 

• ArcGIS: Simplify polygon 

• Bend simplification 

• Simplification tolerance 90 m 

Step 3: Polygon smoothing 

• Simplified polygons → sharp edges 

• ArcGIS: Smooth polygon 

• PAEK smoothing   

Step 4: Final editing  

• Final editing of incorrectly classified 
areas 

• ArcGIS: Editor/Reshape feature 
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Step 4:final editation 



Temporal changes: coastal lines 

Lake Abaya (Bilate river delta) Lake Abijata 
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Temporal changes: coastal lines 

Lake Abaya (Bilate river delta) Lake Abijata 



Temporal changes: coastal lines 

Lake Abaya (1987) 



Temporal changes: coastal lines 

Lake Abaya (1987) Lake Abaya (2010) 



Temporal changes: coastal lines 

Lake Abaya (1987) Lake Abaya (2010) 



Digital Elevation Models: ASTER vs. SRTM 

ASTER DEM 

• ASTER nadir and backward looking sensors (NIR) 

• Stereo pair image combination 

• Spatial resolution: 30 m 

• Complete coverage between 83°N and 83°S 

• Many significant artifacts 

SRTM DEM 

• Shuttle Radar Topographic Mission (STS-99, 2000) 

• Radar Interferometry 

• Spatial resolution: 30 m (US only), 90 m (other areas) 

• Complete coverage between 60°N and 56 °S 

• Voids  - corrected data available via Earth Explorer 

• No significant arteficts 

 

 



Digital Elevation Models: ASTER vs. SRTM 

ASTER DEM 



Digital Elevation Models: ASTER vs. SRTM 

ASTER DEM SRTM DEM 



Digital Elevation Models: Shaded relief 

Classical shading 

• Light incoming from one direction 

• Standard: A = 315° (NW), h = 45° 

• Enhancing topographical features 
perpendicular to the incoming radiation (in 
SW-NE direction) X suppressing 
topographical features paralelly oriented 
with the incoming light (in NW-SE 
direction) 

• Too many shadows (some topographical 
features are hidden) 

 

Multidirectional weighted shading 

• 4 different directions of incoming light 

• A1=225°, A2=270°, A3=315°, A4=360°, h= 30° 

• Weighted average of the single shadings 

•  Enhancing either sunlit and shadowed 
topographical features 

• None of feature is hidden in shadow  

 



Digital Elevation Models: Shaded relief 

Classical shading Multidirectional weighted shading 



Digital Elevation Models: Multidirectional shading  

W225 = sin2(aspect-(225*π/180)) 

W270= sin2(aspect-(270*π/180)) 

W315 = sin2(aspect-(315*π/180)) 

W360 = sin2(aspect-(360*π/180)) 

SH225 (A=225°, h=30°) 

SH270 (A=270°, h=30°) 

SH315 (A=315°, h=30°) 

SH360 (A=360°, h=30°) 

DEM 

[(W225*SH225)+(W270*SH270)+(W315*SH315)+(W360*SH360)]/4 



Digital Elevation Models: DEM products 

Shaded relief (hillshade) 



Digital Elevation Models: DEM products 

Shaded relief (hillshade) Aspect 



Digital Elevation Models: DEM products 

Shaded relief (hillshade) Aspect Slope 



Digital Elevation Models: Morphometric analysis 

Slope dependant morphometric analysis 

 

 
Slope classification 

0-5° 
5-10° 

10-15° 
15-20° 
20-25° 

more than 25° 

Topographic 
features 

Peak 
Ridge 
Pass 

Plane 
Channel 

Pit 

Morphometric map: hue = topographic feature, lightness: slope 



Digital Elevation Models: Morphometric analysis 



ALOS/PALSAR 

• ALOS (Daichi) satellite 

• Operated since 2006 by JAXA 

• Data ordering via ERSDAC 

• Data cost: 252 USD (20 000 YEN) per scene 

• Scene dimensions: 70 x 70 km 

• Dual polarization (HH + HV) 

• L-band (λ = 23 cm) 

• 12.5 m spatial resolution 

• Extraction and interpretation of the linear 
structures connected with brittle tectonics and 
terrain morphology 

• Gradients of surface dielectric properties 

 

 

 

 

 

 

 

 

 

 



ALOS/PALSAR 

Tectonic interpretation using ALOS/PALSAR derivatives 

Fracture pattern (faults and joints) 



ALOS/PALSAR 

Tectonic interpretation using ALOS/PALSAR derivatives 

Fracture pattern (faults and joints) lineament kernel density 

Low High 



ALOS/PALSAR 

Tectonic interpretation using ALOS/PALSAR derivatives 

Fracture pattern (faults and joints) lineament kernel density 

Low High 

Final tectonic interpretation 



ALOS/PALSAR 

Validation: Lineament density and Symmetric Restistivity Profiling 

Lineament Kernel Density Low High 
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www.remotesensing-geology.ic.cz 

 

 

 

 

Thank you for your attention 


