INTRODUCTION TO EARTH
OBSERVATION SATELLITE IMAGERY



1\\5 WHAT YOU CAN FIND IN THIS SESSION...
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A LITTLE BIT OF SOME THEORY SOME PRACTICAL
HISTORY EXAMPLES




BRIEF HISTORY OF EARTH
OBSERVATION: SELECTED
MILESTONES

GASPARD-FELIX TOURNACHON
(NADAR), 1858 (BATTLE FIELDS),
HERE: PARIS 1867



BRIEF HISTORY OF EARTH OBSERVATION:
SELECTED MILESTONES




FIRST MACHINES DERIVING ELEVATIONS / CONTOURS
FROM STEREO PAIRS: “OREL-ZEISS'SCHER
STEREOAUTOGRAPH” (AUSTRIA /GERMANY, 1907); BETTER
MACHINES BECAME A STANDARD AROUND 1950
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1§ WHAT DOES AN EOS “SEE"?

O
N\
O
O
® Passive systems register:

® Sunlight reflected by the earth’s surface (or by clouds...)

® Light or thermal waves emitted by the earth’s surface (cities, etc.)
® Active systems register the return of signals emitted by themselves
O

and reflected by the earth’s surface or atmosphere (radar, ...)
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BUT FOR AN EOS THERE IS SO MUCH MORE TO SEE...

- Energy increases

Short wavelength Long wavelength

. : i

107 nm 107 nm 1 nm 10°nm 10° nm 1m 10°m

| | | | | | |
Gamma rays X rays Ultraviolet Infrared Microwaves Radio waves
| I | | | | | ] | | |
10%Hz 102Hz 10°°Hz 10®Hz 10'"®Hz 10'2Hz 10'°Hz 108 Hz 10°Hz 10%Hz 10%Hz
High frequency Low frequency
Visible light

7 X 10" Hz 4 X 10" Hz



WHY IS COVERING MANY SPECTRAL BANDS IMPORTANT?

® All objects have a specific and typical way how they reflect or absorb sunlight (e.g. to produce energy)

in different parts of the electromagnetic spectrum: their so-called spectral signature

® BTW, that is why:

®* We recognize active tree leaves as “green” (they absorb red and blue sun rays to produce energy / sugar, and
reflect a little bit of the green spectrum)

® It's dark in a dense forest — even the “little bit of green” is eaten by the multitude of plants

® Associate clear, deep waters with blue color — all other parts of the visible spectrum are absorbed to warm up the
water

® Hard coal looks black — it sucks all waves / energy

® Snow is white and tends to melt very slowly — it reflects red, green and blue

® Spectral signatures of objects might be similar in the visual spectrum, but different in other parts of the

electromagnetic spectrum; that’s why having many bands can be important!

® The following examples are taken from the USGS Spectroscopy Lab:

https: / /landsat.usgs.gov /spectral-characteristics-viewer



https://landsat.usgs.gov/spectral-characteristics-viewer

SPECTRAL SIGNATURES AND LANDSAT 8 OLI BANDS
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SPECTRAL SIGNATURES AND SENTINEL 2A BANDS

11009 123 4567 8a 9
1.000 - a0

0.900 - M
0.800 5 \
J

0.700 - i2als ,,]f"

0.600 -
0.500 <
0.400 -
0.300 5
0.200 <
0.100 “
0.000 - .

'D'1DD_| | | | | | | | | | | | | |
0200 0400 0600 08600 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3.0

Visible Wavelength in Microns

Reflectance

L







| FALSE COLOR COMPOSITES HELP
_ SEEING THINGS THAT OTHERWISE OUR
S EYES COULD NOT SEE
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THAT
ST DETAIL...

key term: higher resolution is able
on the earth

s are composed of a matrix of picture
ells); they are square and represent a
the earth’s surface

act on the earth’s surface to be detected, its
generally has to be equal to or larger than one pixel

® |f one pixel covers several objects, their spectral
signatures (colors) get mixed and get unrecognizable
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" DIGITALGLOBE'S WORLDVIEW

® WordView 3, launched 2014, of
DigitalGlobe (USA), operates the
commercial EOS with the highest resolution:

GeoEye 1 (DigitalGlobe): 46 cm / 41 cm
WorldView 2 (DigitalGlobe): 46 cm
WorldView 1 (DigitalGlobe): 46 cm
KompSat 3A (KARI): 55 cm

® Followed by:

® Main applications:

Large and medium scale mapping
Defence

Civil engineering

Urban planning / mapping / 3D
Open pit mining

Disaster response



#1...AND THE MOST ACCURATE
| ONE:
'DIGITALGLOBE'S WORLDVIEW

® How accurate is the location of objects shown in

satellite images, compared to real-world coordinates?

. ® All imagery can be made “spatially accurate” with
ground control points... but it takes time and money

® |Imagery of DigitalGlobe’s WordView /GeoEye series
has an unprecedented locational accuracy of:

. ® Considering the pixel size, Landsat and Sentinel are

leading, with an accuracy at the level of 1-2 pixels




® Detection of environmental change is one of the most

...THE ONE WITH THE
\O LONGEST HISTORY...

important applications of satellite imagery:

O ® Deforestation
® Desertification
® Water resources
® Situation of farmlands / crop production
® Haylands / grasslands sustainability

® Erosion of soils

® These medium and long term monitoring activities
require image time series of EOS with similar sensor
characteristics




imagery of the earth

THE LANDSAT PROGRAM
1\) ® The Landsat program (USA, NASA /USGS) is the longest-running enterprise for acquisition of satellite

j ® |t is monitoring the earth since 1972 with improving, but backwards compatible chararteristics:

® Improved resolution: 60 m > 30 m = 15 m (panchromatic)

® Additional spectral bands, but always containing the “classic” Green / Red / NIR coverage

X ® Since 2015/2017 further supplemented by Sentinel 2A /2B (EU) at up to 10 m resolution

C
l?///




...THE ONE WITH MOST SPECTRAL BANDS...

® Many applications of satellite imagery rely on accurately detecting spectral signatures of the
earth’s surface:
® Vegetation
® Crops
® Soils

® Geology, mineralogy

® Hyperspectral imagery allows to identify more details of spectral signatures:
® Huge amount of spectral bands

® Each band must cover only a very slim part of the electromagnetic spectrum to avoid mixing up spectral
characteristics

reflectance

quartz (Si O,)

myroxenea [hlg: FeSiO 9

kaolinite (Al [Si, O (O Hla]
calcite (CaCO,)

hematite (Fe 203}

2.5 wavelength (»m)



EARTH OBSERVER 1 HYPERION

® EO-1 HYPERION (NASA) is the one and only

champion in this field:

F&;}. &. _ FF- ® 220 slim bands
: e s s . y ' ! ' .

® 30 m resolution

® Launched 2000, decommissioned 2017

i
o

Several other hyperspectral mission failed, or are

not really hyperspectral

® Processing of the data is still an issue
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...THE FASTEST ONE...

® Some applications require imagery nearly in real-time:
® Wild fires
® Floodings
® Earthquakes
® Defence
® National security
® Precision agriculture
® lllegal timber logging

® lllegal mining, overspills, contamination of waters

® Temporal resolution is defined by the amount of time (e.g. days) that passes between imagery

collection periods for a given surface location
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® Some applications require elevations (XYZ) data:
® Topographic mapping (contour lines)
® Urban planning (3D city models, slopes)
® Defence
® Civil engineering (infrastructure planning)

® Mining: volumes of pits and dumps

® Stereo images, or radar, are required for 3D; some
WHAT ABOUT

EOS have stereo capabilities:
3 D2 ® All DigitalGlobe WorldView and GeoEye systems

® Pléiades (EADS, French-Italian)
® SPOT (CNES, France; Azerbaijan)
® KompSat (KARI, South Korea)
® ASTER (NASA, USA; JAXA, Japan)
* ALOS (JAXA, JAPAN)
® IRS (ISRO, India)

® Several Chinese systems (ZY 3, other non-commercial ones)



TWO 3D EXAMPLES

® Tsetserleg urban planning

3D application based on

: WorldView 3 2018.04.18
— B o . e s = . f""’" ® Open pit mining site based
= . TR e s S =l on WorldView 2 of
e e T i D D 2012.09.13 and
o : = = el : = : s

L= ass = et 8 .__'_";_h. o = WorldView 3 of
— : 2016.10.14



IMAGERY FOR GEOLOGICAL MAPPING AT MRPAM

® Probably best choices:

® |andsat 8

* Sentinel 2A / 2B
® Free
® Suitable for mapping up to ~1:75,000 scale, also supporting 1:50,000 scale
® Good spectral coverage

® Get online from: https://earthexplorer.usgs.gov/ (register for free):

® All Landsat and Sentinel
® Plus selected ASTER, EO-1 HYPERION, some ORBVIEW 3


https://earthexplorer.usgs.gov/

CHARACTERISTICS OF LANDSAT 8 AND SENTINEL 2

Wavelength Wavelength
(min-max) |Bandwidth Res. (m)

0.421-0457

NIR: Near infrared; SWIR: Shortwave infrared; C/A: Coastal /aerosol; VRE: Vegetation red edge
WYV: Water vapour; Cirrus: high cloud detector; TIRS: Thermal infrared sensor



PRACTICE WITH ARCGIS PRO

® First steps to do when working with a recently acquired satellite image:
® Calculate statistics for enhanced display

® Build pyramid layers for better performance

® Open the image:
® As raw dataset (quick and easy)

®* As part of a mosaic dataset (providing additional functionality e.g. mosaicking)

® Compare suitability of different band combinations for your purpose and

select the best one
® Pansharpen (Landsat, only visible spectrum bands) if using visible spectrum
® Enhance the image display characteristics

® Calculate indices
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OPEN IMAGERY WITH ARCGIS PRO DIRECTLY BY OPENING THE
IMAGE PACKAGE DESCRIPTION (XML OR TXT)
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CALCULATE STATISTICS

® A satellite image consists of millions of cells, each
one having a value between O and 65535 (12 bit
stretched to 16 bit)

® For optimizing the display quality, the software
needs to know about the distribution of these
values in each band (is it rather dark, or bright?):

® Statistics

General

® Histograms (distribution of values) Metadata

Source

Elevation

® This is done by calculating statistics o

Cache

® |f you see a dark image =2 probably no statistics

® “0” = NoData (cells outside the actual image)

€ Calculate Statistics

Parameters Environments
Input Raster Dataset
MTD_MSILTCxml
A Skip Factor
Y Skip Factor

lgnore Yalues

Skip Existing

Area of Interest

v Statistics

—

Build Parameters: skipped columns: 1, rows: 1, ignored value(s): 0;

Band Mame = Minimum Maximum Mean

B1 1082 3466 1602, 72897348
B2 722 3508 1547,5561648"
B3 545 3665 1730,5772424"

5td. Deviation
143,153961761
187509618341
282 46395939



BUILD PYRAMIDS

® Pyramids (in our case) are
reduced resolution versions of

an image

® The help to speed up display
at d'iﬁeren’r map scales: for the
selected map scale, the
appropriate pyramid layer is
shown, not the full resolution

image

Build Pyramids

1:50,.000

el

Parameters Environments

Input Raster Dataset

MTD_MSILTC el O
Pyramid levels =1

Skip first level il
P id ling techni ?"'
yramid resampling technique L
Bilinear .

Pyramid compression type

Skip Existing



multispectral image (several bands, lower resolution)

PANSHAR PEN Pansharpening increases the spatial resolution of an image
\ by merging a panchromatic image (high resolution) with a
1 EEE
G Pansharpen Properties Imagery roughly taken at the same time
General Parameters Preconditions: Images match: same areaq, same georeference

Images cover a similar range of the spectrum

Multispectral
Multispectral_LC08_L1TP_133030_20180905_20180912_01_~ [ +]
Panchromatic

LCo2_[1TP_133030_20130005_20130012_01_T1_B&.TIF -

Pansharpening Type Different techniques are available, try them out!
Esri v
Red-Band Weight
0,166

Green-Band Weight
0,167

Blue-Band Weight
0,167

IR-Band Weight
0,5

Panchromatic Multispectral Pan-sharpen
image image image
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ENHANCE DISPLAY CHARACTERISTICS

Statistics  Mask

/| Display background value

Standard Deviation
0 0 0 Iil Display values between a specified number of

standard deviations.

/ Histogram Equalize
Display values with histogram equalize

Histogram Specification
™~ Display values with histogram specification

Modata Iil

Remove black edges (NoData)

»u Custom
Statistics  Mask Display values with custom histogram,
Statistics DRA - Esri

./'_J Highlight the contrast of moderate values while

minimizing the impact of axtreme high and low
values,

L3

Dataset
Uses the statistics from the raster dataset,

Change stretch type (to increase

Use Dynamic Range Adijustment if visibility of objects in certain

you want to automatically enhance contrast ranges)

the display when zooming

Stretch type Percent Clip -
Min 0,250 Max 0,250
e @ B ©

206129

' ' \2)
& &
8952 12851
1007745
: ' 22
- A
4323 12746
1356242
; ; \2)
A rS

7906 14452

Adjust stretch manually to histogram




CALCULATE INDICES -

® Indices apply a mathematical formula to the values

MOV Green Red-Edge SANV
of two or more bands to create one new output oY oY
band TSAVI MSAV| PVI VAR
® They focus on a specific topic and bring out certain
SR REEEEdgE MTVI2 RTVlcore
information inherent in the imagery that is
otherwise difficult to see Red-fdae  Green
Water
® Index functionality is accessible from the Imagery \ \
MDS| MM DWW MO
pane —
® Actual contents depends on the image currently - Lt
Oxide Minerals Mine'rrals
selected in the table of contents [y

MDEI MNER BAI



FERROUS MINERALS

The ferrous minerals ratio
highlights iron-bearing
materials. It uses ratio
between the SWIR band
and the NIR band.

GEOLOGY INDICES

Many more indices are described here:
https: //www.indexdatabase.de /

...and can be implemented with:

© Band Arithmetic Properties

General Parameters

Raster

< RasterFunctionVariable: Raster>
Method

User Defined

Band Indexes

Example: (B3 - B1) / (B3 + B1)

TR X



https://www.indexdatabase.de/
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