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Introduction lecturer

Dr. Michael Denk

= Study of Geography at the MLU Halle-Wittenberg
= PhD in spectroscopy of industrial by-products

Research interests:

* Hyperspectral and multispectral remote sensing
 Visible light to the longwave infrared spectroscopy
* Exploration of anthropogenic deposits

* Spectroscopy of soils, rocks & man-made materials
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HALLE-WITTENBERG

Z



Contents of this lecture

l. Introduction to Land Cover/Land Use

ll. General workflow for analyzing Earth Observation data
= Data acquisition
= Data pre-processing
= Data visualisation & interpretation
= Land cover analysis via indices & classification
= Post classification / validation
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Literature recommendations

John A. Richards
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JIGITAL IMAGE PROCESSING
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A n a IyS I S A Remote Sensing Perspective

4th Edition

An Introduction

Fifth Edition

A Canada Centre for Remote Sensing Remote Sensing Tutorial
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A * =t e Tl Sl R e — Canada

JF REMOTE SENSIN

“28 AND IMAGE INTERPRETATION
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Introduction to Land Cover /
Land Use classification systems
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Land Cover Classification Systems

Land Cover: Biophysical cover of the Earth’s surface, including
natural as well as man-made materials

Land Use: Refers to the function and purpose of the land cover

Classification: Arrangement of data in groups or categories
following specific data characteristics

Land Cover Classification Systems: “systematic framework with the
name of the classes and the criteria used to distinguish them, and

the relation between classes” (di Gregorio and Jansen 1997) .
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USGS Land Cover Classification Systems

1 Urban or Built-up Land 11 Residential.
12 Commercial and Services.
13 Industrial.
14 Transportation, Communi-

. . ions, Utilities.
A Land Use and Land Cover Classification 15 Inoions, and Utilitles. |

System for Use with Remote Sensor Data 16 Mind Vo or Built-up

Land.
17 Other Urban or Built-up

By JAMES R. ANDERSON, ERNEST E. HARDY, JOHN T. ROACH, -
2 Agricultural Land 21 Cropland and Pasture.

and RICHARD E. WITMER 22 Orchards, Groves, Vine-
yards, Nurseries, and
grna.mental Horticultural

reas.
23 Confined Feeding Opera-

tions.
24 Other Agricultural Land.
3 Rangeland 31 Herbaceous Rangeland.
32 Shrub and Brush Range-
land.
33 Mixed Rangeland.
4 TForest Land 41 Deciduous Forest Land.
42 Evergreen Forest Land.
43 Mixed Forest Land.

After Anderson et al. 1976: 5 W 5, Stz an Can.

53 Reservoirs.
54 Bays and Estuaries.

* Nine major land cover categories o Wetand & Korsted Wethnd.

7 Barren Land 71 Dry Salt Flats.
72 Beaches.

= 37 sub-categories B B e cter s

74 Bare Exposed Rock.

Scale: 1:250000 and 1:100000 o Sigh Mg Qi s

77 Mixed Barren Land.

= Successor: USGS's National Land Cover Data (NLCD) S b end Broe, T

83 Bare Ground Tundra.
84 Wet Tundra.
85 Mixed Tundra.

oo

9 Perennial Snow or Ice 91 Perennial Snowfields.
92 Glaciers.
7
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FAO LCCS

= Developed by FAO and UNEP

= 2 main phases:
|. Dichotomous phase = 8 major land cover types
Il. Modular-Hierarchical Phase in “which land cover classes are created by the
combination of sets of pre-defined classifiers, which are different for each of
the eight major land cover types. ”
= Further information:

=  http://www.fao.org/land-water/land/land-governance/land-resources-planning-
toolbox/category/details/en/c/1036361/

= http://www.fao.org/3/x0596e/x0596e00.htm

_
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http://www.fao.org/land-water/land/land-governance/land-resources-planning-toolbox/category/details/en/c/1036361/
http://www.fao.org/3/x0596e/x0596e00.htm

FAO LCCS

LAND COVER CLASSIFICATION SCHEME

PRIMARILY NON VEGETATED B

TERRESTRIAL A1

FLOODED LAND

AQUATIC OR REGULARLY A2

TERRESTRIAL

B1 AQUATIC OR REGULARLY B2

!

FLOODED LAND

CULTIVATED & MANAGED

(SEMI) NATURAL A12

CULTIVATED AQUATIC

(SEMI) NATURAL

ARTIFICIAL SURFACES

BARE AREAS RT. WATERBODIES| [NAT. WATERBODIES)
TERRESTRIAL A1 TERRESTRIAL VEG. AZ3 AQUATIC VEG. AzZa & ASS. AREAS B15 B16 NOW & ICE p27| |[SNOW & ICE B28
A B A
A B 1 A
SPATIAL ASPECT |
1 SPATIAL ASPECT PHYSIOGNOMY I SURFACE ASPECT PERSISTANCE
PHYSIOGNOMY | 2'0isTRiBuTION & DISTRIBUTION
[ ¢ B B c
" CROP COMBINATION WATER SEASONALITY 1 TOPOGRAPHIC NAME " DEPTH SEDIMENT LOAD
D n ° L o P o P
" CULTURAL PRACTICES m m
GCULTURAL PRAGTICES LANDFORM| cLmATE |ALTITUDE CLIMATE ALTITUDE
L MIN )
L MIN o W urHoLogY |
LITHOLOGY LANDFORM| /SOIL
W |Lanororm|  rson CLIMATE - a -

P a W
ALTITUDE | EROSION COVER

i
Vi
B

A
1 PHYSIOGNOMY& COVER HEIGHT

v ALTITUDE | EROSION COVER

mwpepIv® FPPOTIOOPIMTI APrcoo=s j (llab:'l U:nla-lu:n-uj

OFTHE MAIN LAYER | MAIN LAYER
A
1 " c 1
WATER SEASONALITY BURFACE ASPECT
g LEAF TYPE LEAF PHENOLOGY D E 8 1 N .
[LIFE CYCLE) n PHYSICAL STATUS PERSISTANCE
= " '" LEAF TYPE |LEAF PHENOLOGY MACROPATTERN
Il fsraTiricaTion COVER HEIGHT F G H L o ¢ D
|LAYERING] W STRATI- COVER m LANDFORM e n DEPTH SEDIMENT LOAD
L MIN FICATION HEIGHT
v LANDFORM LITHOLOGY/SOIL L MIN P Q u o P
v m
v o P a AT T L WV laLTiTupe |EROSION [VEGETATION CLIMATE ALTITUDE
CLIMATE ALTITUDE EROSION [+] P WA:ER
Vi
cLMATE | aLTiTupe | ER, v w

Credit: Gregorio & Jansen 1998

Z
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CORINE Land Cover Classification System

" CORINE = Coordination of Information on the Environment
" Programme initiated by the European Commission in 1985
= Commissioned by the European Environment Agency (EEA)
" 13 main and 44 sub LULC classes

= Use of satellite imagery data

= Reference years: 1990, 2000, 2006, 2012, 2018.

= Scale: 1:100,000, MMU: 25 ha w ”

;;;;;;

= Further info: https://land.copernicus.eu/pan-european/corine-land-cover CORINE Land Cover 2006 for Germany
Credit: Umweltbundesamt

Z
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https://land.copernicus.eu/pan-european/corine-land-cover

General workflow of analysing
Earth Observation data -
Let’s analyse the land cover in
Armenia using Sentinel 2 data!

5 ‘}.\?;F?Eﬁi?’ﬁ- va \
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General workflow for satellite image analysis

Z
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General workflow for satellite image analysis

_
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Data aqcuisition

ZUSGS

EarthExplorer

Sentinel data:

» Copernicus Open Access Hub o
» Sentinel2Look Viewer 8
» USGS Earth Explorer, USGS Glovis

MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School 15 MK’Z’RO
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Aspects to consider during data acquisition

= (Questions and requirements for sensor and data
characteristics! (= remember the resolutions!)

= Data availability (spatial, temporal)
= Atmospheric conditions, cloud cover
= Price (commercial & free data!)

= Seasonal aspects (rainy/dry season, vegetation
period/plant cover, ...)

= Vegetation as disturbing or desirable factor?
(possible indicator effects?)

Z
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Select the right data sets

S2A_MSIL2A 20210620T074611_N0300_R135_T38TMK_20210620T110354

https://scihub.copemicus.eu/dhus/odata/vi/Products('20e19202-dcc1-4a09-ae3a-ca9c74573174')/$value

Shamir
| ©
% Gyami g

Ganj

*~ Sl

A
Summary i S2A_MSIL2A_20210620T074611_N03. T38TMK_20210620T110354 SAFE

Date: 2021-06-20T07:46:11.024Z

Filename: S2A_MSIL2A_20210620T074611_N0300_R135_T38TMK_20210620T110354. SAFE
Identifier: S2A_MSIL2A_20210620T074611_N0300_R135_T38TMK_20210620T110354
Instrument: MSI

Satellite: Sentinel-2

Size: 1.13GB

# Product

Aot retrieval accuracy: 0.0
Cloud cover percentage: 0.256316
Cloud shadow percentage: 0.037017

©0O ©0
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Download the data

Stop - wait a moment ...

Product Type

S2MSIMC

SZMSI2ZA

SZMSI2ZAp

_

)

)
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General workflow for satellite image analysis

_
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Why do we need to correct the data?

Data correction is necessary to...
= Remove radiometric and geometric errors and unwanted atmospheric effects
* Transform data values into meaningful units for quali- and quantitative analysis

= Establish correct spatial reference for using data in relation to other thematic
data in GIS and other applications and to allow correct measurements of
distances, directions, areas

What should be corrected?

" |nternal and external errors

= Systematic and non-systematic errors
7
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Radiometric pre-processing

= (Calibrating raw data values into radiometric values (radiance)
= Correcting radiometric errors (random, instrument-related):
= Stripes ("striping")
= Line start/stop problems, (partially) missing lines ("drop outs")

= Bad pixel - no recording of spectral data in one pixel (in case of
multiple pixels: "shot noise")

» Terrain effects, Effects due to illumination and scan angles

_
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Geometric corrections

Geometric correction of distortions due to...

Internal errors (systematic):

= Earth rotation effects

= Terrain related distortions (different distance from
different points of the ground surface to the sensor!)

= Distortions due to lenses/optics, sensor tilt

External (unsystematic):
= Movements of the platform (mainly aircraft)

Y MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School
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Georeferencing of satellite imagery

N o
x‘=Ax+By+C ® ..... .! :®
S : . -

® columns

® |
L

N

WS .
Image Space Coordinate Space :
display units: pixels map units: meters, feet, other
x is the column count in image space. A is the width of the cell in map units.

y is the row count in image space. is a rotation term

B
x' is the horizontal value in coordinate space.  Cis the x' value of the center of the upper-left cell.
y'is the vertical value in coordinate space. D is a rotation term.
E
F

is the negative height of the cell in map units.
is the y' value of the center of the upper-left cell.

Credit: https://www.esri.com/about/newsroom/arcuser/understanding-raster-georeferencing/

Georeferencing = Transformation of image coordinates into geographic or metric

coordinate systems using reference data (other data set with spatial reference, GCPs) .

=
|
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Orthorectification of satellite imagery

Perspective view Orthographic view

= Required for an accurate representation
g ] of the Earth's surface (homogeneous
. scale within the image)

= Central to orthogonal projection

= Adjusted for topographic relief, lens
distortion, and camera tilt

= Corrections require a DEM (and Rational
polynomial coefficients (RPCs))

= Further reading:

https://www.satimagingcorp.com/services/orthorectification/

Z

~
=y
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Atmospheric scattering and absorption processes

A SEMR Sensor
_?F s Scattering
Z '\\—// Sersor Abﬁﬂrptiﬂn
Scatterin
Peth radiance Eﬁ;‘dcnce K f g
AV Y
Eive o\
Skylight :
Sunlight Reflected energy i Scattering
v Emission
reiclert Absorption
rexcliction
%
— S —— « Absorption

Credit: http://remote-sensing.net/concepts.html

Z

n
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Atmospheric scattering and absorption processes

Absorption of the Sun’s Incident Electromagnetic Energy in

the Region from 0.1 to 30 um by Various Atmospheric Gases 3 27525 225 2 1.75 Atmospheric Scattel'ing

100% 100 ] ] | l ]
N,0 Energy in electron volts (eV) Rayleigh Scattering

8 : U J.LA(:zand03 a. (O Gas molecule
0 A
100
CO. . "
0 L\_M/ i Mie Scattering

[e.o]
[

Atmospheric Absorption

o)

(=}
|
o

Smoke, dust

Intensity of Scattered Light

0 02 03 04 0.6 08 1 1.5 2 3.4 56 810 20 30
/ h, .
3 R Photon of electromagnetic
S Nonselective Scattering energy modeled as a wave
2,000 — iation
= / lscf;id;fr?l?;d;lz\o:;}l\:‘r:e
NEL Solar radiation at sea level
§ 1,500 20 —
£ p Water
s vapor
= 1,000 —
3 B G YO R
0 1 I
- 0.4 0.5 0.6 0.7
Wavelength, um
03
b 04 Credit: Jensen 2016

0 02 04 06 08 1.0 12 14 1.6 18 20 22 24 26 28 30 32
Wavelength, um ﬁ

n
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Transforming raw data values to reflectance values

DN to
radiance
Raw data from ||:> Top of Atmosphere Surface
sensor (DN) (TOA) Reflectane Reflectance

e S e e 025 osmmseemmeme e 0.25 T~

30 A

20

10 —e—Nadelwald_juli

—— Nadelwald_Juli

—&—Nadelwald_Septembe
—&—Nadelwald_September e cp :

™1 ™2 TM3 ™4 T™M5S ™7 i 4 x z ' '
™1 T™M2 ™3 T™M4 TM5 ™7 ™M1 T™M2 ™3 T™M4 TMS ™7

(DN) TOA reflectane Surface reflectance /

)

)
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Processing levels of Sentinel 2 data

- - & Copernicus Sentinel-2A Calibration and Products Validation Status
by 1" Ferran Gascon 1* & (' Catherine Bouzinac 2" & {_' Olivier Thépaut2, {_" Mathieu Jung 3,
1 Benjamin Francesconi4, {_" Jéréme Louis 3“¥ {_" Vincent Lonjou 5, {_ " Bruno Lafrance 2,
1" Stéphane Massera 7, |_" Angélique Gaudel-Vacaresse § 1’ Florie Languille §, {_' Bahjat Alhammoud 8,
" Frangoise Viallefont 9, {_" Bringfried Pflug 102 {_" Jakub Bieniarz 10, {_ ' Sébastien Clerc 8* =&
4 A 4 L 4 Y

' Laétitia Pessiot2, {_" Thierry Trémas 6 1_" Enrico Cadau 1, {_" Roberto De Bonis 1, {_" Claudia Isola 1,
1" Philippe Martimort 1 and {_" Valérie Fernandez 1

TELEMETRY RADIOME TRIC
RS DECOMPESSION CORRECTIONS RESAMPLING
- Inv. on-board equalization, i (;(jeomeltly‘ir:!erpolalion
- v - Dark signal correction, I O U ON,
Blind pi - Resampling (B-splines).
- pixels removal,
PRELIMINARY SWIR PIXELS - Cross-talk correction,
QUICK-LOOK AND REARRANGEMENT - Relative response
CLOUD MASK correction =
GENERATION - Defective/no-data CONVERSION TO TOA
ct‘)rrecllm, REFLECTANCES

onvolution/Denol

ing,
- Binning of 60 m bands.

v

PREVIEW IMAGE AND
X MASKS GENERATION

(defective pixels, cloud)

GEOMETRIC VIEWING —
MODEL REFINEMENT Level-1C

Correction L

- s conversion
- Refining of the viewing

model using a global set of 11 bands (60m)
referenf:e image§, 9 bands (20m)

e’ Sl : 4 bands (10m)
AOT Map(20m)(60m)
WV Map(20m)(60m)
Classification (20m)(60m)

/NIR
plane

vapou

Retrieval

Retrieval

Credit and further reading: Gascon et al. 2017, Remote

Sens. 2017, 9(6), 584; https://doi.org/10.3390/rs9060584 m

Z
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https://doi.org/10.3390/rs9060584

What software to use?

W digw Orfeo ToolBox
Semi-Automatic Classification Plugin

EnMAP-Box 3

il l\\\\
- SAGA

System for Automated Eoosclentitic Analysss

/w GRASS GIS

WIS

<t

Google Earth Engine

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

MENVIPRO Summer School
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Get the Information &
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What software to use?
QGIS

A Free and Open Source Geographic Information System

oo QO S320°0dense

has been released!

New release: 3.20!

Get the for your Operating System and read the

Create, edit, visualise, analyse and publish geospatial information on Windows, Mac, Linux, BSD and mobile devices

For your desktop, server, in your web browser and as developer libraries

Download Now * Support QGIS

https://www.qggis.org/en/site/

MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School

HALLE-WITTENBERG
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e ToolBox i e

qu_l Box

EnMAP-Box 3
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What software to use?

Q, + Science Toolbox Exploitation Platform

Here you can download the latest installers for SNAP and the Sentinel Toolboxes.

Data provision is available to all users via the Sentinel Data Hub.

Current Version

The current version is 8.0.0 (19.10.2020 15:00 UTC). .
w

0

oy
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What software to use?

Q 2 Science Toolbox Exploitation Platform

T R
. - 3 -
i ST
i‘ N
w

f

i &
SNAP SUPPORTED PLUGINS "L' -

b

i " 5 ‘ *\ﬂ»
W t’\ |

‘Sen2Cor

https://step.esa.int/main/snap-supported-plugins/sen2cor/

MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School
HALLE-WITTENBERG

B senacor *
File Help

10 Parameters Processing Parameters

[] bisplay execution output
[] scene only -
Resolution: 60 ~
[]cronly

L2A_GIPP file

(If a file is selected,

the parameters below

will nat be used)

Mb threads: 1 ~
Median filter: ]
Aerosal: RURAL ~

Mid lat: SUMMER. e
Ozone: h-331 ~

W correction: 1 R

Vis update mode: 1 w

W watermask: 1 "
Cirrus correction: FALSE w
DEM terrain correction: | FALSE w
Brdf correction: 0 ~
Brdf lower; 0.22| w
< >

33
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General workflow for satellite image analysis

_
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File structure

Mame Anderungsdatum Typ Groke
AUX_DATA Dateiordner
DATASTRIP 09.09.2021 14:38 Dateiordner
GRAMULE 09.09.2021 14:37 Dateiordner
HThAL 09.09.2021 14:38 Dateiordner
rep_info 09.09.2021 14:32 Dateicrdner
= INSPIRE 20.06.2021 16:12 XML-Dokument 19 KB .
[] marifes ot 0062021161 SAFE-Datei «« Meta data file that can be read
= MTD_MSIL2A 20.06.2021 16:12 XML-Dokument 53 KB
— by SNAP and other software
Marme - Anderungsdatum Typ Graofie
#¢ T33TMK_20210620T074611_ACT_20m 2021 16:12 2.994 KB
¢ T33TMK_20210620T074611_B02_20m 20.06.2021 16:12 33.034 KB
#¢ T38TMK_20210620T074611_B03_20m 20.06.2021 16:12 32.950 KB
#¢ T33TMK_20210620T074611_B04_20m 20.06.2021 16:12 Th e 33.048 KB
#¢ T33TMK_20210620T074611_B05_20m .06.2021 16:12 32.932 KB Seve ral Ope rations require that the used
#¢ T33TMK_20210620T074611_B06_20m 20.06.2021 16:12 actua I 32.924 KB
¢ T38TVIK_20210620T074611_B07_20m 20,06.2021 16:12 . ozt bands have the same Spatia] resolution
#¢ T38TMK_20210620T074611_B3A_20m 2021 16:12 iIma ge 33102 KB .
& T38TMIK_20210620T074611_B11_20m 20.06.2021 16:12 . 33.063 KB 9 resamphng to 10 20 or 60 m
#¢ T38TMK_20210620T074611_B12_20m 20.06.2021 16:12 f| | es 33.084 KB ’
#F T33TMK_20210620T074611_5CL_20m 20.06.2021 16:12 2753 KB
#¥ T39TMK_20210620T074611_TC)_20m .06.2021 16:12 33.005 KB
#¢ T33TMK_20210620T074611_WVP_20m .06.2021 16:12 23,340 KB

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

MENVIPRO Summer School
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Structure of data

Lines or

Brightness value

. range Associated
Columns (j) (typically 8 bit) gray-scale
2 3 4 5 1 255 3~ white

Bands (k)

Credit: Jensen 2000

HALLE-WITTENBERG

3 127 gray

0 —=- black

Picture element (pixel) at location
Line4, Column 4, n Band 1 has a
Brightness Value of 24, i.e., BV4.4,1 =24.

MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School
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Understanding the data

Comparison of Landsat 7 and 8 bands with Sentinel-2 Credit: NASA

100

Sentinel-2 msi

Landsat~8

-}ou Sp—

Atmospheri‘&]’ransmission (%)

N
Ss

~

1900 S 2400 10000 11 OO(\)‘~~\ 12000 13000 S~

Wavelength (nn;)\\

Z
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Understanding the data

Sentinel 2A relative spectral response / spectral signature of grass

g 100 T T T T | T .I. T I T T T T | T T T T | T T T T I T T T T Bz
5 B3 [
% B4 1
g 80 Bg 1
s | Grass
E . Water =
&
g 60 I | B4
© .
&
— 40 N _|
'3_9" |
'5' | N
e
G 20 -
9 /’
@
m 0 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 L ] I 1 1 1 1 | Y 1 1 1 1
0.4 0.5 0.6 0.7 0.8 0.9 1

Wavelength [pm]

e

Credits: Modified after De Angelis 2017, https://scientiaplusconscientia.wordpress.com/2017/03/04/remote-sensing- Copernicus Sentinel data 2021

comparison-landsat-sentinel-visible-infrared-spectrum/

7
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Understanding the data

Histogram
stretching

v
2

255 ap BT
Intensity Intensity . OtrE

255

Credit: http://what-when-how.com/wp-content/uploads/2012/07/tmp26dc100.png

Z
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Additive colour (mixing) syste,

3 primary colours - red (R),
green (G), blue (B) > RGB

" Assigning each of the three
primary colour channels to one
image (spectral band)

= Basic colours are usually coded in
8 bit = 256 different values

" |n combination: 16.8 million

(s commons meds o renineraomscnnne o [0SSIDIE COlOUTS

—_ cyan

_
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Colour composites
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Colour composites

Generalised reflectance spectra of some earth surface materials
| Visible | NIR SWIR

m -

‘5 -

40 -
2 35 Altered rocks
o 30 4 characteristic of a
E mineralised zone
& 254
8 20
E 15 S

10 4 Clear water

. Healthy
5 Water with vegetati
a phytoplankton ik
g 1 1 1 1 ] I 1 1 1 1 1 ] ] I I 1 I ! ] ] I I 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Wavelength in micrometres
== Clear water = Water with phytoplankton == Healthy vegetation
— Soil = Altered rocks characteristic of a mineralized zone

.Red" "}

" “Coperriicus Senti el‘da;%.zozi
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Extract LULC information via spectral indices

Rl | NIR |

I [ I 1 L] L] I I ' 1 1

_ .a---.\ ~ Green Vegetation .
i / 0.7 \v \ (0.7-0.05)/(0.7-0.05)= 0.87 i
0.8~ Green| \/‘\ Dry Vegetation n
N - Vegetatl{' \ (0.3-0.2)/(0.3+0.2) = 0.2 7
S i - Dry . Soil i
< - Vegetation \ Ol y
O 0.4 ! _ (0.25-0.2)/(0.25+0.2) = 0.11 —
L
i - -
m
W — -
o
0.2 —
i \ / N\ ]
B | NDVI = (NIR-Red)/(NIR+RED) I
O . O 1 I 1 1 L 1 l
.0 1.5 2.0 2.9 7
WAVELENGTH (um) A
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Extract LULC information via spectral indices

Index Formulation Reference
Simple Ratio SR = SN'" (Jordan, 1969)
Red
Normalized Difference Vegetation Index NDY] 22— PRed (Rouse et al.,, 1974)
PNIR + PRed
Enhanced Vegetation Index EVI=25 PRI P Red (Huete et al., 1996; 1997)
1+ pwir + 6Prea —7.50 Blue
Green Atmospherically Resistant Vegetation Index GARI = PR [Preen =Y (PBiue —Pred)] (Gitelson et al., 1996)
p,‘\"l[f = [p(.'rrrn _’Y(pb’hu'_plfwd”
Wide-Dynamic Range Vegetation Index WDRVI = M (Gitelson, 2004)
O PONIR + PRed
Green Chlorophyll Index Clgreen = [E)‘WH =, | Gitelson et al., (2003a), (2003c), (2005)
Green
Red-edge Chlorophyll Index ClRed—edge = s TR -1 Gitelson et al., (2003a), (2003c), (2005)
Red—edge
: PNIR —PRed—edge oo
MERIS Terrestrial Chlorophyll Index MTCl = —mM8—=— (Dash and Curran, 2004)

PRed edge ~PRed

Credits: Vina et al. 2011

Also interesting: https://www.indexdatabase.de/
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https://www.indexdatabase.de/

Extract LULC information via spectral indices

E [2] B4 - [S2A_MS5IL2A_20210620T074611_N0300_R135_T38TMK_20210620T110354] - [D:\RSdata\Sentinel 2\Armenia\52A_MSIL2ZA_20210620T074611_NO300_R135_T38TMEK_20210620T1

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

a

Product Explorer = | Projects |

S [1] 524_MSIL2A_20210829T074611_N0301
E—J Q [2] 52A_MSIL2A_20210620T074611_N0O300
([ Metadata

(23 Index Codings

28

=

i (33 Vector Data
423 Bands
i-33 sun
i3 view
b0 quality
----- B 51443 nm)
----- B B2 (430 nm)
----- B B3 (560 nm)
----- B B4 (65 nm)
..... m BS5 (705 nm)
E B6 (740 nm)
..... m B7 (733 nm)
----- B B3 (342nm)
----- B Baa (355 nm)
----- B B (945 nm)
----- [ B11(1510 nm)
----- B 512 (2190 nm)
(- (20 Masks

- E3 Metadata
-3 Flag Codings
(- (20 Vector Data
=3 @ Bands

B ndvi

ﬁ ndvi_flags
G- Masks

= ‘b i | 'M Spectrum View
oy

Spectral Unmixing
Geometric

Preprocessing

D R w

£y ABEA

TR TE O

Thematic Land Processing

3

Thematic Water Processing

>

Biophysical Processor (LAI, fAPAR...)

Soil Radiometric Indices

[ [2] Sentinel 2 MSI Natural Colors RGB X

= [3] S2A_MSIL2A_20210620T074611_NO300_R135_T38TMK_20210620T110354_ndvi

Vegetation Radiometric Indices

SAVI Processor

Water Radiometric Indices

MERIS/(AJATSR SMAC Atmospheric Correction TSAVI Processor

Sen2Cor Processor

Forest Cover Change Processor

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

? | MNDVI Processor

MSAVI Processor
MS5AVI2 Processor

DVl Processor
RVI Processor
PVI Processor
IPVI Processor
WDVI Processor
TMDVI Processor
GMDVI Processor |
GEMI Processor
ARVI Processor
MNDI45 Processor
MTCI Processor
MCARI Processor
REIP Processor
S2REP Processor
IRECI Processor
P55Ra Processor

MENVIPRO Summer School
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SR

ral indices

i ¥ o

Extract LULC information via spect

| i, R g

: ) : i 1 Band 1: ndv
Band 1: ndvi s " o ! g v P 0,296867
0,87674 ; 2 '
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Extract LULC information via spectral indices

NDVL....

Reclassification of NDVI values:
Vegetation (classes)

Bl water
I no vegetation -1 <0 Water (or shadow)

t t. [ 4
= Z‘:’Ss:x;g;:ﬁfn" ~0 to0.2 No vegetation (soil, ...)

Copernicus Sentinel data 2021

. Author: Max Horold
S———— AR - >0.2to1 Dense vegetation

NDVI sometimes not preferable for delineating water and non water areas
_

)

)
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WalMa
(Water Land Mask)
(Zober 2002, Groth 2016)
(NIR-(0.321*RED))*10

WalLMA performs greatly
in delineating water from
non water areas and is
even useful for
delineating urban fabric

Z
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Vegetation indices and biophysical parameters

E Biophysical Processor 52 >
File Help

1jO Parameters | Processing Parameters

6.00 —

| LAI=
f(NDVI)

Sensor: | 52A v
Compute LAI
4.00 Compute FAPAR

Compute FVC

LAI

200 - Compute Cab

Compute CWC

(after Lacaze

et al., 1996)
0.00 — = . —

T
0.00 0.20 0.40 0.60 0.80
NDVI

NDVI - LAl — Biomass! e | [ Giose

erivedfromy
Sen’tig)el 2 data -
e ﬁ
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Geological/mineralogical indices

| Feature ASTER Sentinel-2 |
. International Journal of Applied Earth Observation Iron
oo . . Ferric Iron, Fed+ 2/1 4/3
& &£L~ and Geoinformation Ferrous Iron, Fe2+ 5/3+1/2 12/8 + 3/4
FISEVIER Volume 14, Issue 1, February 2012, Pages 112-128 Laterite 3.1/5 11/12T
Gossan 4/2 11/4
- Ferrous silicates (Biotite, chloride, amphibole) 5/4 12/111
Review Ferric oxides 4/3 11/8
Multi- and hyperspectral geologic remote sensing: Carbonates / Mafic minerals
. Carbonate / Chlorite / Epidote (7+9)/8 —
A review Epidote / Chlorite/ Amphibole (6+9)/(7T+8) —
Amphibole / MgOH (6+9)/8 -
Freek D.van der Meer & &, Harald M.A. van der Werff, Frank J.A. van Ruitenbeek, Chris A. Hecker, Wim H. Bakker, :"Llllplli]'-l‘—"]e 6/8 -
Marleen F. Noomen, Mark van der Meijde, E. John M. Carranza, . Boudewijn de Smeth, Tsehaie Woldai Dolomite (6'}'8];? —
Silicates
p Sericite / Muscovite / lllite / Smectite (5+7)/6 -
— Goethite Alunite, Kaolinite, Pyrophyllite (44+6)/5 E
» —Hematite ' Phengitic 5/6 -
08 ——Magnetite Muscovite 7/6 -
0.7 Kaolinite 7/5 ) -
§ s Clay . (5><?}-/ﬁ -
s Alteration 4/5 11/12t
§ 0.5 Host rock 5/6 —
‘S 0.4 Other
& s Vegetation 3/2 8/4
o NDVI (3-2)/(3+2)  (8-4)/(8+4)
. H H ! ASTER bands 5-7 fall within band 12 of Sentinel-2.
Spectral fingerprint!
0 - - . - - - E:tedif/:/nach 2] ?hrozji //Andony-hngst gt fgf,’gd;"‘f‘ Phrood, CCBY-5A 3.0, Credit: van der Meer F.D. et al. (2020) - Potential of ESA’s Sentinel-2 for geological applications.
250' iS00 750 ’°°°w;":;":|e‘n5‘;th‘(7;‘:n)2°°° 2250, 2500 2750 Werk, C BY-SA 5.0, https//commons ikimecia.org/ayindon php?curdegasiste. Remote Sensing of Environment 148:124-133, DOI:10.1016/j.rse.2014.03.022
i
~
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Geological/mineralogical indices

)»‘,

Sen 'nel 2 |mage PACPA 06 20

Copernicus Sentinel data 2021
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ical indices

Copernicus Sentinel data 2021
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Image classification

=  Automatic categorization of all image pixels into land cover
classes (Lillesand & Kiefer 2000)

=  Assignment of pixels to groups which represent meaningful
thematic classes according to specific characteristics

A B Credit: Canada Centre for Mapping and Earth Observation (or Canada
& ceRs iceT  Centre for remote Sensing), Natural Resources Canada

_
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Image classification

IGBP Land Cover Map I

i |
Global Land Cover Mapping: A Review and Uncertainty Analysis
by 1" Russell G. Congalton 1.7 E% (" Jianyu Gu 121, 1_" Kamini Yadav 1 {_" Prasad Thenkabail 3 and

1" Mutlu Ozdogan #

==
Sentinel-2 Data for Land Cover/Use Mapping: A Review

Legend ] crasslands . by { " Darius Phiri 1. &< @ Matamyo Simwanda 1 29 (! Serajis Salekin 2 &
| Barren B 11000 Forest Credit: Remote Sens. 2014, 6(12), 12070- 1" Vincent R. Nyirenda 3 & @ Yuji Murayama 4 2'© and € Manjula Ranagalage 4.5 &
I cCiosed Shrulands | Open Shrublands 12093; https://doi.org/10.3390/rs61212070 .
" | Cropand/Natural Vegetation Mosaics Croplands - Parmanent Wetlands
| Croplands Savannas
| Deciduous Broadieaf Forest "] Snow and Ice
Bl o=ciducus Needkieal Forest B urvan and Buin-Up
B £vergreen Broadieat Forest B oo vodies
- Evergreen necdleleaf Forest ) Woody Savannas ,:-‘Tﬁ_“;;°~°""‘
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Image classification — Basic problem

Reflectance [%]

[
A Values /o
60 P ,
; <t Vegetation
50F e o~ e Soil @
L & Seae L )
40 |
l « '
30 [ & Soil
’ ! 5o
20F .7 ~Vegetation ' £
',-'.j“_. Water .::':.'.o 7 T /// ; ///
1ok e b ; »7 Values A4
 Water e e v
O 1 1 1 1 1 1 1 | 1 B ________________________1’/
09 11 13 1,5 1,7 19 21 23 25
Values A
Ao A Wavelength [um] Ag ‘ Credits: Albertz 2001

= Spectral information can be represented in a multidimensional feature space
= Dimensions of the feature space = number of spectral bands
= Spectrally similar pixel values are close to each other in the feature space

Z

~
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Image classification — Basic problem

Scatter Plot
170
o e e R R A Y T iw -
0 e e S s
= === = = i - o 0D A wo & o

B8 in dl

This is how the reality looks like...

00e

000 005 010 015 020 025 030 035 040 045 030 055 060 065 070 075 08 085 0820 08 100 105 110 115 120 135

B4indl ﬁ
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Image classification

Classification

Algorithm
based

| Un-Supervised Training Principle

Pixel wise :
Object based
Fuzzy approaches

|
|

_____________________________________________________________ l _
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Unsupervised classification

= No training of the classifier ————
. . gg 1178 183 130_:
=" Only the number of classes is defined, oy e o ot &
HEIE A mE
. Class Identification
not the meaning of the classes e nfesfes |7 A= water
_ B = agriculture
. . Algorithm l C = rock
= Purely statistical approach 1B0E \;
BB | Sy
— B
= Well known methods: ISODATA ‘*IE K "ﬁ
AlalBY G
spectral Classes B CCRS [ CeT

Clustering, K-Means Clustering

Credit: Canada Centre for Mapping and Earth Observation (or Canada
Centre for remote Sensing), Natural Resources Canada

_
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Unsupervised classification - K-Means

0.9 v

= Common cluster method (Duda & Hart 1973)

++4f-+
0.8 + ¥ :‘E N .
ol e = Parametric approach
N g " +:not interaction required; - empty classes possible
O %

. Steps:
0.5 4 ++ﬁ
AT 1. Initial, arbitrary definition of starting centers of clusters

0.4 +

(number of cluster centers = number of later clusters)

0.3 +

2. Assignment of all pixels to the respective next cluster center
(cluster mean)

0.2 +

Iteration #0
0 0?1 0?2 0?3 0?4 0:.5 0:.6 0:.7 0:.8 0?9 1

Credi: By Chire - Own work, CC BY-5A 4.0, 4. Return to step 2 or end of clustering, if no more significant
https://commons.wikimedia.org/w/index.php?curid=59409335
changes of cluster mean occur

3. Recalculation of the cluster mean

0.1

Z

~
|
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Unsupervised classification - ISODATA

4. class 5. class l )
A Rk e ey * . ( ; I
g . fod 3. class @ '
= . : Z
= o .
s * : . 7
tS n S é I
] ]-l. B i — ] =] =)
E * ; g T g |
g ) = 2.class =z
s - > S
- * 1 ) =
o i Yl \ .
= Llj_-,'_(j‘{{""'* . £ 1. class 2 I K
: : - . RN
o | ! |
Ou,-o, M Mo, I
I . tﬂepixel value-s of Band “A’; ' I | g I I I ] . - T Credit:
fhe e iR oL B 54 e pxel vales of Band A Kristéf, D. and Belényesi, M., 2010

|.  Definition of the number of classes

Il.  Assignment of pixels to the nearest cluster center (distance measures).

Ill. lterative procedure: Recalculation of cluster centers and new pixel assignment (until no
significant changes occur or max. number of iterations is reached)

In contrast to the K-Means method, the distance to the neighboring cluster is examined - clusters are
then either deleted (insufficient number of pixels in the cluster), connected (minimum distance of the
clusters not reached) or separated (if the stddev. or scatter is too large). 4

~
|
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Example of an ISODATA classification

- A

Sree oWy Results of a ISODATA classification
Number of classes = 10

What do the colours represent?!
— Requieres interpretation based on
reference data or expert knowledge!

Class image coverage (%)

14.4
1 2 3 4 5 6 7 8 9 10
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Supervised classification

= (Classification after training the classifier with

. . . . . A = waler

training regions/training data B = agriculture
= Number and importance of classes are &= rock

defined a priori
= Knowledge of land use required
» Additional effort due to training i =
®" Training via defined regions in the image c M-

1 1 . . . —_— El

("on screen") or using training spectra (e.g. —

from reference libraries) 5T A

= © CCRS/ CCT

Credit: Canada Centre for Mapping and Earth Observation (or Canada
Centre for remote Sensing), Natural Resources Canada

Z
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Supervised classification

IMAGE DATA SET
(Five digital numbers

per pixel)
CATEGORIZED SET
(Digital numbers replaced
o by category types)
™ ) . FIF|F|F|F|F|F|F|FIF
, Sand Pixel (3, 7) F|F|F|F|F|F[FIF[FIC
r* ——t Forest \ DN S|S|F|F|F|F|4|UICIC
L — | on; WW[S|F[F[Ffulu[cC
] Uvban o DN, WS |F|F|F/|F]ulUC
Chancel: 1 e WWISIETFIEIPIUE
2 UIF|
51 feom WIW[S|F[FIFFE|
al Hay WIW|S|F|F|FIF F‘
5[
(1) TRAINING STAGE (2) CLASSIFICATION STAGE (3) OUTPUT STAGE
Collect numerical Compare each unknown Present results:
data from training pixel to spectral patterns; maps
areas on spectral assign to most similar tables of area data
response patterns category GIS data files
of land cover

categories

Basic steps of supervised image classification after Lillesand and Kiefer (2004)

Z
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Supervised classification — Training data

Criteria:

» Representative areas with class-typical
signatures

» Homogeneous areas with pure signatures

» Consider intra-class variability

» Avoidance of mixed pixels

Instead of on-screen digitizing the training
areas, the user might also use existing
reference data/spectra

Z
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Supervised classification — Assessing training data

Pl tofal: 2447 ROI Means: stack
Minimum: 0.2784 20 0.6
Maximum:  |0.6308 = z [T i i j j ' ) j j j ' j j j j . i
Mean: 0.5075 15 g0 A~ Mean: Water
Sigma: 0.0430 2 § 0.4 B . 7
Median: 0.5125 = = L c
Coef Variation: 0. 1754 & 10 e A Mean: Urban fabric
EML: 32,4520 S 02 6000 . —
P75 threshold: [0, 5353 5 € .. L S~ Mean: Vegetation i
P30 threshold: |0.5420 | N i
P85 threshold: [0. 5497 0 0.0 ol /=~ Mean: Bare soil
Po0 threshold: |0.5582 0.30 0.35 0.40 0.45 050 055 0.60 0 25 50 75 100 5 L 4
Max error:  |3.529E-4 Value Percentile (%) o Mean: Snow
= 4000
o

B8 with ROI-mask Bare soil 4n-!'
#i.xels total: (2470 0.35 ]
Minimum: 0.0039 100
Mancimumn: 10,3460 = 020
Mean: 10,2064 E 0.25 zmﬂ
- w /5 ]
Sigma: 0.1237 = E 0.20
Median: 0.2731 X =l
Coef Variation: [0.6284 % 50 : 0.15
EML: 2.5321 = 010
P75 threshold: |0.2872 25 g ™\

0.05 ﬂ ]
P80 threshold: 0.2839 . n n n n | n n n N ] N N N N 1
P85 threshold: [0.2937 0 0.00 000 000
Pa0 threshold: |0.2983 000 005 010 045 020 025 030 0.35 0 25 50 75 100 500 1 1500 2
Max error:  [3.421E3 Value Percentile (%) Wavelength (nm)

Z
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Minimum-Distance-(To-Mean) classification

" Parametric approach
T i i : ;«52 " Pro:simple, efficient
! s uu" 0 :;’ | | ® Con: weak for high variable classes
g G, 20 i v Vo cc% i
St | SteRs
2 et ady HH’.}?H 1. Determination of the mean values of the
7 ifﬂ} M training area pixel values
7 o 2. Calculation of the Euclidean distance of the
by /,/( H :I'FF F;,'f pixels to be classified from the mean value
w F:F Fr_-f:; of the training data clusters
wm: E il 3. Assignment of the pixels to the class with
the smallest distance to the mean value

—

Band 4 digital number
Credit: Lillesand & Kiefer 2004

Z
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Maximum likelihood (ML) classifier

= Parametric approach - assumes Gaussian
normal distribution

= Calculation of Probability Density Function

Band 3 digital number ———=

= Assignment of the pixel to the class with
the highest probability of membership

Equiprobability
contours

=" Pro: robust

= Con: processing intensive @

Credit: Lillesand & Kiefer 2004 Band 4 digital number —— %
o

~
|
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Spectral Angle Mapper (SAM), Spectral Feature Fitting (SFF

Band |

“dark point™ Band J

Credit: Kruse, F. A., A. B. Lefkoff, J. B. Boardman, K. B.
Heidebrecht, A. T. Shapiro, P. J. Barloon, and A. F. H. Goetz.
"The Spectral Image Processing System (SIPS) - Interactive
Visualization and Analysis of Imaging spectrometer

Data." Remote Sensing of Environment 44 (1993): 145-163.

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG
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Tetracorder
Feature Fits

Hematite GDS76

Jarosite GDS99

] I | | | I | ] ] I ] ] ] I
1.1F
1.0 0.575
g L
5 0.9
E -
i Weighted
= Fits
F"-l b
= 0.988
ﬁ 1.0 0.974
A - 4
(5] {Best Fit)
% 0.9
a |
1.0
'] I 1 1 1 I 1 '] '] I '] '] '] I '] '] 1 I 1 1

Goethite GDS240_|

0.4 0.6 0.8 1

.0 1.2

WAVELENGTH (um)

Credit: Clark, R. N., G. A. Swayze, K. E. Livo, R. F. Kokaly, S. J. Sutley, J. B. Dalton, R. R. McDougal, and C. A. Ge

pages 5-1 to 5-44, December, 2003. http://speclab.cr.usgs.gov/PAPERS/tetracorder

MENVIPRO Summer School
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Cuprite, Nevada
AVIRIS 1995 Data

USGS
Clark & Swayze
Tetracorder 3.3 product

Iron Oxides
nanocrystalline
Hematite

Fine-grained to

medium-grained
Hematite
Large-grained
hematite

Iron Hydroxide

|| Goethite
amorphous and

other iron oxides,
hydroxides

Iron Sulfate
m Jarosite

24
Fe**-minerals
Fe“*—bearing

minerals +
. Hematite

2 .
Fe**—bearing
minerals

Fe**-bearing

minerals: broad
D absorptions
MNote Fez+—bear\mg
minerals are mainty

muscovites and
chlorites N

4 : 2km 1

nt, Imaging spectroscopy: Earth
and planetary remote sensing with the USGS Tetracorder and expert systems, J. Geophys. Res., 108(E12), 5131, doi:10.1029/2002JE001847,
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Support Vector Machine (SVM), Random Forest (RF)

Random Forest Simplified

Instance

Class-A Class-B Class-B
[ Majornty-Voting |
] . o~ &
e Final-Class |
Non-linearly separable
Credit: Von unbekannt - unbekannt, PD-Schépfungshohe, Credit: By Venkata Jagannath - https://community.tibco.com/wiki/random-forest-template-tibco-spotfirer-wiki-page, CC BY-SA 4.0,
https://de.wikipedia.org/w/index.php?curid=1616694 https://commons.wikimedia.org/w/index.php?curid=68995764 ﬁ
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Neural Networks

Artificial Neural Networks (ANN) layer layer 1 layer 2 layer
“A neural network consists of a number of interconnected nodes. Each

. . . . Input 1 —

node is a simple processing element that responds to the weighted \

inputs it receives from other nodes. The arrangement of the nodes is Tnput 2 — — Ot
0 9 — QOutpu

referred to as the network architecture.” (Atkinson et al. 1997) Tnput 3 — AT —

ATKINSON, P. M. & A. R. L. TATNALL (1997): Introduction Neural networks in remote sensing, International

Journal of Remote Sensing, 18:4, 699-709. Input 4 — T3

Convolutional Neural Networks (CNN) D
Feature maps output

.. Output
»

inpurt

Convolutions Subsampling Convolutions Subsampling Fully connected

Z

Credits: Von Aphex34 - Eigenes Werk, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=45679374, Von Michael Plotke - Eigenes Werk, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=24288958

)

)
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Supervised classification — algorithm selection & processing

1. Training stage
Definition of 6 classes

2. Classification stage

Raster Optical Radar Tocls Window Help
Band Maths...
Filtered Band...

BT

[ [1] sentinel 2 MSI False-color Infrared RGB X | B

ed
Geo-Coding Displacement Bands...
Subset...
DEM Tools >
Geometric ¥
Masks »
Data Conversion ¥
Image Analysis ¥
Classification » Unsupervised Classificatio
Segmentation ’ Supervised Classification
Export y PO_MLLIasS
Bands extractor

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

Randem Forest Classifier

KMM Classifier

KDTree KNM Classifier
Maximurm Likelihood Classifier
Minirnum Distance Classifier

Spectral Angle Mapper Processor

MENVIPRO Summer School

3. Output: Results of the ML classification /

i

Twmg gy,

1: Sparse vegetation
2. Snow

m| 4: \egetation
| 5: Urban fabric
m & Water

Z
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General workflow for satellite image analysis

_
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Common post-processing steps

= Sieve

= Aggregate

= Eliminate

= Majority filters

= Raster to vector

_

)
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Error/Accuracy Assessment / Validation

~ Sources of Error in Remote Sensing—Derived Information

Data Acquisition

i Classification is not the end of the story!
- Platform movement
Groundcontrol  IN) It is important to asses the quality of the

- Scene considerations =
_— Preprocessing

Implement - - Geometric correction C I ass ifi Cati on !

Decision | D - Radiometric correction
—— - Data comersigq
7 T Y .
(=== [wformation Extraction | HOW well does the classification represent
|

Decisionmaking - Classification system

Tﬂ — - Qualitative analysis rea I ity?

- Quantitative analysis
- Data generalization

Final Product

Contains

- How accurately are the different LULC classes
Data Conversion Mma p DEd ?

- Spatial error |

- Thematic error

- Raster-to-vector

e t |- Vector-toraster How can the classification accuracy or error be
e | quantified and communicated to users?

- Number of samples per class

- Sample locational accuracy

- Spatial autocorrelation

- Error matrix

- Discrete multivariate statistics |

- Reporting standards ' Credits: Jensen 2016

Z

=
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Validation methods
~ Validation

Visual comparison of the classification Verification of the classification using
results with the original images and reference data that were not used for the
other information sources creation of the classification

MARTIN-LUTHER-UNIVERSITAT MENVIPRO Summer School 77
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Reference data

= Existing, validated results from other classifications
= Aerial photos, other satellite images, maps, ...
= Results from field surveys (GPS measurements, samples, ...)

Important: Evaluation of validation/reference data

= Can the needed information be derived from the reference data?

= Do the scales of the classification and the reference allow a meaningful validation of results?
= How is the positional accuracy of the data?

= |sthe number of validation plots/points appropriate/statistically sound?

= According to which system were the reference points/areas recorded? /
7
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Confusion matrix

Class Reference
Grass Water Sand Forest Total User accuracy
Grass 48 1785 6056 69.73%
S Water 0 0 1282 86.97%
s Sand 22 9 837 77.90%
EE Forest 545 237 63 8440 89.99%
8 Total 4790 1361 763 9701 16615
Producer accuracy 88.16% 81.93% 85.45% 78.29%
Overall accuracy 81.76%
Kappa coefficient 0.57
F1Score 0.82

=  Error of comission (false positives), error of omission (false negatives)

=  Kappa coefficient
_ observed accuracy - chance agreement (User Accuracy * Producer Accuracy)

F1=2=
(User Accuracy + Producer Accuracy)

K
o F1 score 1 - chance agreement

Z

—~
N

i
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