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a)

b)

C)

Acquisition of information about Earth's
surface without direct contact via detection of

reflected or emmited electromagnetic (EM)
radiation

Reflected solar radiation (0.4-2.5 um)

*  VIS:visible - (0.4-0.7 pm)

*  NIR: nearinfrared (0.7-1.2 pm)

*  SWIR: short wave infrared (1.2-2.5 pm)
Emmited thermal radiation (8-15 um)
Artificial radiation (RADAR) (0.8 mm —1m)

Visualization of the measured intensities of
reflected or emmited radiation — image dats

Data acquired in various wavelengths of EM
radiation — multispectral principle

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







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 (ALl and Hyperion)
SRTM Digital Elevation Model
ASTER Digital Elevation Model

Na

tional Satellite Land Remote Sensing Data Archive

t

Of all national assets, archives are the most precious; they are the gift of one
generation to another and the extent of our care of them marks the extent of our
civilization.

Sir Arthur G. Doughty
& . Dominion, Archivist, Canada, 1904-1935 R



http://earthexplorer.usgs.gov/
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\‘
((\

a USGS o

science for a changing world

s L&

e 5

USGS Home
Contact USGS
Search USGS

EarthExplorer

Data
\r / ¥, N
§ o 14N (D068
Lo REAE BNefas
B: Meewcha

P72 Bahir,Dar,

/
4 >
7 enorcen
- (\ 2 Debre
* 4.-tf;§?zxarkos y

0 Nemeeaf
Hargeysal
5

3 \lpcm
Predefined Area | Shapefile | KL . \1_,.('N1etemle ik
>
| Decimal DembiiDolo 3
S o §2L< " Dembi Dol
‘ 1. Lat: 06° 00' 00" N, Lon: 039° 00' 00" E RS A -
: 3 %= ‘\} Gore o
‘ 2. Lat: 06° 00' 00" N, Lon: 037° 30' 00" E v { o,
3. Lat: 08° 00' 00" N, Lon: 037° 30' 00" E
| y " QT o " 1, e
‘4, Lat: 08° 00' 00" N, Lon: 039° 00' 00" E W Hawassa < A
{ s T\ ‘\/ - S
b <
wga;«em\\l RS
Ma'chl WDW(“‘\\ »—‘m«-nna 3
¢ & -or
Omo) e
National Park *
Mago. )\
National Park \\
L e 3 Yabelo,Wildife
’,—, L‘ . o Sanctuary, &
il B N R '
oo AN Wiiie )
P 8 W sanctuary, F e A i
F e
W V& ‘-: & o / <
N ;e 3 ol { o 920

m Mapa | Satelitni

(Ot
Bele’dh%yne
<N




Sources of Remote Sensing da

USGS Home
Contact USGS
Search USGS

= USGS

science for a changing world

Ry

EarthExplorer

: b7 ( Lehmo.em
Nefas
“X Y BahiDar Meewcha
‘ S
/ \ g
%
T E-ﬂd J9CHN
o
/rtﬂ: l“(\'-
—< = 2N ACY)
5 | Fiche ! o Debre
. E— < § 2\ Bihan
&-Aerial Photography 3 o %2 {(né"/ o/
( A £
[ AVHRR GRIRY Addisit s
[#-CallVal Reference Sites Lghekomic 7N . Ambol - yebabaly 4
& Commercial DembiDolo y Wi S
[ Declassified Data rogw % \\De’"b} Dolo 0 GWO" /.
[#-Digital Elevation [.J . . \ d ' ™ ; Atnago C«_ /—'_H\I
[#-Digital Line Graphs L.J Serve < R 3 e o~ ( /

clo

[#-Digital Maps [
HE0-1

# Forest Carbon Sites B0
& £ Haw

¥ Global Fiducials . B Ras

[*-Global Land Survey - beg ot <

o ! Yirga Alem ™~
5 HCMM . X ; irga Alem ==y
*-JECAM Sites .
#-Land Cover

ACDT2) 8

»«rb n mc'w
NationallPark =

E-Landsat Archive [J

L7 ETM+ SLC-off (2003-present) - ~ o BT o ’ s National Park . J
L7 ETM+ SLC-on (1999-2003) ¥ MBand ;"*rk ; X hiagol
N . y National Park:

@15 mss = TR e L X

[ Landsat Legacy
#-Landsat MRLC
#-LIDAR




- Sources of Remote Se

* Scene position (row, path)
*  Cloud coverage (%)
*  Processing level

* Day/night data

science for a changing world

EarthExplorer

-h Criteria Da

3. Additional Criteria (Optional)
e more than on |
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Footprint, Quicklook, Metadata

ZUSGS
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Search Criteria Data Sets Additional Criteria Search Criteria Summary (Show) Clear Criteria
4. Search Results I~y
If you selected more than one data set to search, use the - ~~-<3$\rr;r>é\a-§ N f
dropdown to see the search results for each specific data = § . Gore
set. >
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Show Result Controls

Data Set:
L4-5TM

Entity ID: LT51690552011001MLK00
Acquisition Date: 01-JAN-11
Path: 169

Entity ID: LT51680542011010MLK00
Acquisition Date: 10-JAN-11

Tama)Wildlife
Entity ID: LT51680562011010MLK00 3
Acquisition Date: 10-JAN-11
Path: 168 : ’ 4
Row: 56 =2 ©mo.

National Park
PHdUIAO

34 M:go
Entity ID: LT51680552011010MLK00 W National!Park
Acquisition Date: 10-JAN-11 g
Path: 168
Row: 55

Y ULRO

2

Entity ID: LT51690542011017MLK00

Acquisition Date: 17-JAN-11 3
Path: 169 @@

—)

The up-to-date Google map is not for purchase or for download; it is to be used as a guide for reference and search purposes only.
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Footprint, Quicklook, Metadata
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1. Already pre-processed data

No shopping cart icon

@ | gvel 1 Product (165 MB Geotiff)

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




. http://gds.aster.ersdac.ispacesystems.or.ip

* ASTER (multispectral data)
Level 1B

UTM coordinate system

ALOS/PALSAR (radar data)

the example
of using
the product

[ Enfrance

¢ GOS News
+ ASTER GDS
History

o Keyword

¢ Renewal
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Exhibition Room

e ASTER Project

[« EQS Project
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All rights reserved
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Long-term Earth observation mission
Since 1972 (MSS), 1982 (TM)

Data available via Earth Explorer
Data cost:

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 (2999-?):
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

1:VIS-B
(0.45-0.52 um)

2:VIS-G
(0.53-0,60 pm)
3:VIS-R
(0.63-0.69 pm)
4: NIR
(0.75-0.90 pm)
5: SWIR
(1.55-1.75 um)
7: SWIR
(2.09-2.35 pm)
6:TIR
(10.4-12.5um)

8: PAN
(0.52-0.90um)

™
(Landsat 5)

SO R ———

ETM+
(Landsat 7)

Fe2* and Fe3* absorption — low values for Fe bearing minerals (pyrite, hematite,
goethite...); kaolinite — high values; absorption of vegetation pigments — low
values

Fe2* reflection X Fe3* absorption - ; Fe2* higher values than Fe3* minerals;
kaolinite — high values; high reflectivity of vegetation

Fe2*absorption — moderate values of Fe?* bearing minerals; absorption of
chlorophyll — low values for vegetation

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

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

Absorption of ~OH and CO, bearing minerals — low values for clays, mica,
carbonates and sulphates groups

Igneous rocks, quartz and feldspars

More surface details visible due to higher spatial resolution




ot:band combinations | MMM |

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:7-4-2

Mineral composition

Hydrothermal alterations
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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:7-4-2

Mineral composition

Hydrothermal alterations
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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 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:7-4-2

Mineral composition

Hydrothermal alterations




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: Fe?* 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)




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: Fe?* 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)




Enhancing of the spectral contrast

Removal of topographic effects
and shadows
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rocks)
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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: Fe?* detection discrimination
of gossans and iron rich zones

RGB: 5/7-3/1-4/3 (hydrothermal
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RGB: 4/5-6/7-4/6 (granitoids, ignenous
rocks)




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: Fe?* 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)




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




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
2VIS (25 m)
2 NIR (15 m, nadir and backward looking —DEM)
6 SWIR (30 m)
5TIR (9o m)

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




1:VIS-G 0.52-0.60 um i5m
2:VIS-R 0.63-0.69 um i5m
3N: NIR 0.76-0.86 pm i5m

3B: NIR 0.76-0.86 pm i5m

5: SWIR 1.60-1.70 pm 30m
6: SWIR 2.15-2.19 UM 30m
7: SWIR 2.19-2.23 pmM 30m
8: SWIR 2.24-2.29 um 30m
9: SWIR 2.30-2.37 UM 30m
10: SWIR 2.36-2.43 pm 30m
11: TIR 8.13-8.48 pm gom

12: TIR 8.48-8.83 um gom
13: TIR 8.93-9.28 um gom
14:TIR 10.25-10.95 pm gom

15: TIR 10.95-11.65 um
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Mineral composition color scheme of Landsat TM data
A) 1985 B) 1990 C) 2000/2001



G: By2/Byy
B: Byy/Bys

ASTERTIR analysis — mineralogical band ratios
A) wet season B) dry season
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Land cover classification of Landsat TM data
A) 1985 B) 1990 C) 2000/2001



* Landsat TM/ETM+ data available since 1982

* 3o0Years long time series

+ Detection of the changes of lake coastal lines

+ Data from the same part of the year (month) — comparable conditions — p
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+)

2010/2011 (Landsat 5 TM)
S T 3 i 75 RN T



Raster to Polygon
No polygon simplification!!!




original vector data

porol crans: cosstalines MMM |

Original data are ragged — lines

follow pixels of the original raster data

ArcGIS: Simplify polygon J—

Bend simplification

Simplification tolerance go m

Simplified polygons — sharp edges
ArcGIS: Smooth polygon

PAEK smoothing

Final editing of incorrectly classified
areas

ArcGIS: Editor/Reshape feature



 Temporalchanges: coastal nes MMM |

polygon simplification

* Original data are ragged — lines
follow pixels of the original raster data

* ArcGIS: Simplify polygon —

* Bend simplification

*  Simplification tolerance go m

* Simplified polygons — sharp edges
* ArcGIS: Smooth polygon

*  PAEK smoothing

* Final editing of incorrectly classified
areas

* ArcGIS: Editor/Reshape feature



.~ Temporal changes: c

polygon smoothing

* Original data are ragged — lines
follow pixels of the original raster data

* ArcGIS: Simplify poly

* Bend simplification

*  Simplification tolerance go m

* Simplified polygons — sharp edges
* ArcGIS: Smooth polygon

*  PAEK smoothing

* Final editing of incorrectly classified
areas

* ArcGIS: Editor/Reshape feature



 Temporal changes: cosstallinesHEMIINININ |

final editation

* Original data are ragged — lines
follow pixels of the original raster data

* ArcGIS: Simplify polygon J—

* Bend simplification |

*  Simplification tolerance go m

* Simplified polygons — sharp edges
* ArcGIS: Smooth polygon

*  PAEK smoothing

* Final editing of incorrectly classified
areas

* ArcGIS: Editor/Reshape feature



Lake Abijata




Lake Abaya (Bilate river delta) Lake Abijata




Lake Abijata




Temporal changes: coastallines WU




Temporal changes: coastallines WU

Lake Abaya (2010)







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), 9o m (other areas)
* Complete coverage between 60°N and 56 °S

* Voids - corrected data available via Earth Explorer

* No significant arteficts










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 hldden)

Multidirectional weighteé@ishading

4 different directions of incoming lig

A,=225° A, =270° A, 315 A, 36N°

Weighted averag

Enhancing eith
topographical fi

None of feature is h




Classical shading
















topographic feature, lightness: slope
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Slope dependant morphometric analysis

20-25°
more than 25°
Peak
Ridge
Pass
Plane
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Digital Elevation Models



ALOS (Daichi) satellite

Operated since 2006 by JAXA

Data ordering via ERSDAC

Data cost: 252 USD (20 ooo YEN) per scene
Scene dimensions: 70 x 70 km

Dual polarization (HH + HV)

L-band (A =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
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© ALOSIPALSAR I 1

Final tectonic interpretation
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Low Lineament Kernel Density High
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Lineament Kernel Density
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