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“ " EnMAP-Box - just released v3.13

| -_\\\\

“ Optimized for QGIS LTR 3.28 and QGIS Latest 3.32

@ Untitled Project — QGIS [EnMAP-Box Develop]
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EnMAP-Box 3 Al
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Imaging Spectroscopy and Remote Sensing for QGIS

The EnMAP-Box is a QGIS plug-in to visualize and process remote sensing data. It has been particularly developed to handle
data and products from the imaging spectrometer ENMAP (Environmental Mappung and Analysis Program, www.enmap.org).

Project Website

enmap-box.readthedocs.io

Licenced under the GNU General Public Licence 3

www.gnu.org/licenses/gpl-3.0

Environmental Mapping and Analysis Program (EnMAP)

www.enmap.org
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WWWWW 70 rating vote(s), 50785 downloads

Category https://github.com/EnMAP-Box/enmap-box.git

Tags raster, analysis, imaging spectroscopy, spectral, hyperspectral, multispectral, landsat, sentinel,
enmap, desis, prisma, emit, land cover, landscape, classification, regression, unmixing, remote
sensing, mask, accuracy, clip, spectral signature, supervised classification, clustering, machine
learning, google earth engine
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Author Andreas Janz, Benjamin Jakimow, Sebastian van der Linden, Fabian Thiel, Henrike Dierkes
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"””‘\\ EnMAP-Box — Motivation and Aims

< Offer a free and open source environment for visualizing and analyzing
ENMAP data together with other EO data

 Increase the number of ENMAP data users

% Integrate full GIS functionality with
advanced image/spectral processing

“ Application-oriented advanced Workflows
(Vegetation, Geology, Soil, Water...)

% Foster the availability and exchange
of state-of-the-art approaches for the
analysis of imaging spectroscopy data
and spectral libraries

o,

L
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<+ ENMAP-Box GUI and

EnMAP-Box — Imaging Spectroscopy in QGIS
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» Accuracy Assessment

» Auxilliary

+ Classification
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» Create Raster

» Create Sample
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Create Sensor Synergies

<

Spectral Profile Sources 8 X
+ X
g Source Sampling E Destinati

[ B8, NIR (833 Nanometers)[10 Meter]

[ B8A, Narrow NIR (865 Nanometers)[20 Meter)
[ B11, SWIR (1614 Nanometers)[20 Meter]

F4 B12, SWIR (2202 Nanometers)[20 Meter]

[ B1, Coastal aerosel (443 Nancmeters)[60 Meter]
[ B9, Water vapour (345 Nanometers)[60 Meter]
[[] B10, SWIR - Cirrus (1374 Nanometers)[60 Meter]

Run as Batch Process...

. EnMAP-Box 3 (3.8) ] X
Project View Tools Applications Help
@ Add Data Source ™ @ @ m L ‘i§ i :5 / & - B e
Add Product » DESIS L1B = —
i x
Load Example Data DESIS L1C hrocesnaiioofior =
Package Installer DESIS L2A ﬁ". P 2
EnMAP L1B i - m a
Q Exit EnMAP-Box EnMAP L1C - L
T RaEstervata 2y
EnMAP L2A
> 3 Vector Data (4) T
> 8 Spectral Libraries (1) 20 Parameters  Log Import
PRISMA L1 Q| Bendist
PRISMA L2D Prepare a spi
Wavelength
Sentinel-2 L2A [ B2, Blue (492 Nanometers)[10 Meter] Select All 10000 range.
Data Views Sentinel-2 EA B3, Green (560 Nanometers)[10 Meter] -
Tl [ B4, Red (665 Nanometers)[10 Meter] Cex; seection Metadata
Sub-Datasets [ B85, Vegetation red edge (704 Nanometers)[20 Meter] P The MTD MsI
Fier [4 B8, Vegetation red edge (741 Nanometers)[20 Meter] L -
Property [A B7, Vegetation red edge (783 Nanometers)[20 Meter] oK Band list

Bands tobe s
ordered by ¢t
size matches

Output ra:

Raster file de:

\/
000

\/
0’0

Comfortably import
multiple optical sensors

Create analysis-ready
raster data:

*

* & o6 o o

(convert data)

stack bands

apply band scale/offset
set band names

set wavelength/fwhm

set spatial reference
system and extent
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Create Sensor Synerg

es

EnMAP-Box 3 (3.8) - ] X ’
Project | View ‘A Layer Properties — enmap_potsdam — GDAL Metadata ? X
@ Add Data Sof
¥ Band Metadata
Add Product . | QL Filter metadata keysfvalues | =W @
@ Infermation
Load Exampl 5 Band Band Name MNoData BBL  Wavelength Wavelength Unit  FWHM Range Offset  Scale c
Package Inst @ source 1 1 band 1(418.24 Nanometers) -32.768 1 418,24 Nanometers 6,99561 414.742 - 421.738 00,0001
Q’ Symbology J B
Q Exit EnMAP-1 2 2 band 2 (423.874 Nanometers) 32,768 1 423,874 Nanometers 65,6675 420.540 - 427.208 00,0001
7 RasterData .F' Transparency 3 3 band 3 (429,294 Nanometers) -32.768 1 429,294 Manometers 6,42408 426,082 - 432.506 00,0001
> ©3 VectorDatz ;..
_| o Histogram 4 4 band 4 (434,528 Nanometers) -32.768 1 434528 Manometers 6,25124 431402 - 437.654 00,0001
> @ Spectral Lit
(f Rendering 5 5 band 5 (439.603 Manometers) -32.768 1 439,603 MNanometers 6,13485 436,536 - 442,670 0 00001
Temporal 6 6 band 6 (444,549 Nanometers) -32.768 1 444549 Nanometers 6,06076 441.519 - 447.579 00,0001
Data Views " Pyramids T 7 band 7 (449.391 Nanometers) -32.768 1 449,391 Manometers 6,01486 446384 - 452.398 00,0001
5 F o “F Metadata 8 2 band 8 (454,139 Nanometers) -32.768 1 454,139 Manometers 5,08302 451.167 - 457.151 00,0001 v
Filter =
mg GDAL Metadata T- GDAL/OGR Metadata :
Property - | Q, Fiter metadata keys/valuss | Aa % J b @]
8 Legend Gb‘j’ect Demain Key Value =
g!! QGIS Server 1 Dataset IMAGE_STRUCTURE COMPRESSION DEFLATE
2 Dataset IMAGE_STRUCTURE INTERLEAVE BAND
3 Dataset IMAGE_STRUCTURE PREDICTOR 2
4 Dataset DERIVED_SUBDATASETS DERIVED_SUBDATASET_1_NAME DERIVED_SUBDATASET:LOGAMPLITUDE:D:/seurce/QGISPlugins/enmap-box/enn
< 5 Dataset DERIVED_SUBDATASETS DERIVED_SUBDATASET_1_DESC log10 of amplitude of input bands from Di/source/QGISPluglins/enmap-box/enr
Spectral Profile Soy 6 Dataset AREA_OR_POINT Area
X T Dataset start_time 2022-07-24T10:45:26
™ Source Samp a neeas e . e
< >
¢ Style ~ Cancel Apply Help

or files:
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bystem and extent
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Create Sensor Synergies

::;:;Toolhnx & X . . .
— = Various imaging

v ‘A EnMAP-Box

" spectrometers
Raster Layer Styling & x ‘:’ E n l\/l A P

= emitl 24 v &

1 % PRISMA
% DESIS

\‘;\"‘\\

Import EMIT L2A product

Parameters: |7Log | Import EMIT L2A product
NetCOF file

Skip bad bands

Output raster layer ‘:’ E M |—|—

Open output file after running algorithm

| Skip bad bands

dude bad bands.

Output raster layer

SpectralLibrary #1

Advanced ¥ Run as Batch Process... Close Help
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GEE Temporal Profile Viewer & % || GEE Time Series Explorer 3 x
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O wost I Fill
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EnMP Box

Basic Tools — Classification Statistics

“ General tools with increased functionality, e.g. classification statistics

\ Classification Statistics — O

Classification layer | g dassification. tif

Value Label Histogram Percentage Picel Area
1 impervious I 15.57 3238 29142
2 low vegetation 21.16 4400 396.0
3 tree - 38.32 7967 717.03
4 soil . 213 4428 398.52
5 water | 3,66 760 68.4




En%P-Box

\ Basic Tools — Class Fraction Statistics

% General tools optimized for quantitative results from ENMAP products

\, Class Fraction/Probability Rendering — probability.tif = O x>

w Band Rendering

1 Band Color Label Histogram
Band 1: impervious (Gray) ~ ! . impervious L
Band 2: low vegetation V! low vegetation 1
Band 3: tree ~ ! . tree l %
Band 4: sil v ! . soil h
Band 5: water w ! . water L
i Classify | @] [=] | Delete Al | | Paste Style i
Histogram value range |1 % '_¢:| to |100 % I:C_-j|

Mote that band values are assumed to represent dass fraction/propability values in the 0 to 1 range. Rl ee ipdate
The sum of &ll values for a single pixel should add up to 1.

]
5 .
i




EnMAP-Box

Basm Tools Blvarlate Color Renderer

Raster layer | g# NDFI v
nd 1 Band 1 v
d 2 Band 2 v
olor plane . .
W Settings
Cumulative - -
count cut |2 0 hd I B |m @ cl%
Extent Current canvas %
Accuracy | Estimate (faster) v

Live update Apply
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% Extensive index list
taken from
Awesome Spectral Indices
project.

L

Spectral Tools — Spectral Index Creator

\ Spectral Index Creator

Bpectral raster layer | g enmap_berlin.bsg

Spectral Indices Band Mapping Additional Index Parameters
[ spectral data is scaled by factor Estimate

Vegetation Burn Water Snaw Drought Urban Other

ARl: Anthocyanin Reflectance Index

ARVI: Atmospherically Resistant Vegetation Index

AT5AVI: Adjusted Transformed Soil-Adjusted Vegetation Index
BNDVI: Blue Normalized Difference Vegetation Index
BWDRVI: Blue Wide Dynamic Range Vegetation Index

ClG: Chlorophyll Index Green

CIRE: Chlorophyll Index Red Edge

CVI: Chlorophyll Vegetation Index

DVI: Difference Vegetation Index

EVI: Enhanced Vegetation Index

EVI2: Two-Band Enhanced Vegetation Index

ExG: Excess Green Index

GARI: Green Atmospherically Resistant Vegetation Index
GBNDVI: Green-Blue Normalized Difference Vegetation Index
GOVI: Generalized Difference Vegetation Index

GEMI: Glebal Envirenment Monitoring Index

GLI: Green Leaf Index

GMDVI: Green Mormalized Difference Vegetation Index
GRNDVI: Green-Red Normalized Difference Vegetation Index
GVMI: Global Vegetation Moisture Index

IRECI: Inverted Red-Edge Chlorophyll Index

MCARL: Modified Chlorophyll Absorption in Reflectance Index

use curated list of Spectral Indices for Remote Sensing applications.

Credits: the above list of indices and formula notation was adopted from the Awesome Spectral Indices project, that provides a ready-to-

Select All

Clear Selection

[Save fo temporary fie]

Dutput raster layer
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. opectral Tools — Spectral Index Optimizer

[87 Spectral Index Optimizer ? b

Parameters Log

Training dataset

| ] % 7

Formular

(a) / (a+8) |
P Advanced Parameters

Qutput score matrix

i i |[Sa'»'e to temporary file] | I:I

b4

44k

Raster Layer Styling [
=" scores2. tif v =’

Bres Hoay [drseudo pefaut  Style Linking
Color ramp | [N - -

Band |Band 01: roof - RMSE (Gray) v
Band 01: roof - RMSE (Gray)

|Band 02: roof - MAE

|Band 03; roof -R~2

|Band 04: pavement - RMSE
|Band 05: pavement - MAE
|Band 06: pavement - R"2
|Band 07: low vegetation - RMSE




EnMP-Box

% Easy numpy
scripting with data
1O fully handled

Raster Tools — Raster Math

"\ Raster Math

Parameters | Log

Code
1 Available data sources Code Snippets
Identifier Sources
» enmap_berlin 3#* enmap_berlin.bsq [EPSG:32633]
hires_berlin g hires_berlin.bsq [EPSG:32633]

» landcover_b... CR landcover_berlin_point.gpkg [EPSG:32633]

b landcover_b... CR landcover_berlin_polygon.gpkg [EPSG:32633)

+ veg_cover_fr... C veg-cover-fraction_berlin_point.gpkg [EPSG:32633]

Operators Data / Metadata Waveband locator
+ = - / (
< > 1= <=
4 »

Grid [optional]

Block overlap [optional]
Not set
Monolithic processing [optional]
» Advanced Parameters
Output raster layer
[Save to temporary file]

v Open output file after running algorithm

Advanced ¥ | Run as Batch Process...

0%

D

Run

-

Raster math

Perform mathematical
calculations on raster layer
and vector layer data. Use
any NumPy-based arithmetic,
or even arbitrary Python
code.

See the RasterMath

cookbook recipe for
detailed usage instructions.

Code

The mathematical calculation
to be performed on the
selected input arrays.

Select inputs in the available
data sources section or use
the raster layer R1, ..., R10
and vector layer V1, ...,
V10.

In the code snippets section
you can find some
prepdefined code snippets
ready to use.

Grid
The destination grid. If not

specified, the grid of the first
raster layer is used.

32-bit floating-point
inputs
Cancel

Close Help




EnMAP-Box

Raster Tools — Profile Analytics App

Profile Analytics -]

Source type Raster layer v
Profile type Z-Profile at cursor location (all bands) ™
Use the I3 map tool to select a locations.
Raster Band Style Scaling

1| 2" 1984-2006_ - | Band 001: 198 _-Io“ 17y

“v Profile Analytics Code Editor - a X
D: \source \QGISPlugIns \enmap-box \enmapbox \eo 4qapps \profileanalyticsapp \examples b fimeseriesfitting_ufunc.py
12 def updatePlot(profile: Profile, profiles: List[Profile], plotWidget: pg.PlotItem): A
13
1g rbfCutOffValue = 0.01 # minin >
15 rbfFwhms = [day / 365 for day in [30, s [decimal years]
16 rbfUserWeights = [20, 8, 6, 4, 2, 1]
37
X Axis |Date Time (decimal years) v 18 X = np.array(profile.xValues) # X[ ly
19 Y = np.array(profile. yvalues).reshape((l 1)) # Y[nsamples. ndates]
20
21 X2 = np.linspace(X.min(), X.max(), L|OC=])
22 Y2 = rbfEnsemblePrediction(X, Y, X2, rbffwhms, rbfUserWeights, rbfCutOffvalue)
23
24 1t plot
25 style = PIotSter()
26 style.setMarkerSymbol(MarkerSymbol.No_Symbol) # options: C Triangle_Down. Triangle_Up. Triangle_Right. Tr
27 style.markerBrush.setColor(QColor(* $££0000'))
28 style.markerSize = 15
29 style.linePen.setColor(QColor( ' #££0000"'))
30 style.linePen.setWidth(2)
31 style.linePen.setStyle(Qt.SolidLine)
32 plotDataltem = plotWidget.plot(X2.flatten(), Y2.flatten(), name="

style.apply(plotDataltem)
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. Spectral Library Tools

(AMAP-Box 3 (19) -G * |
Project View Tools  Appicatons  Help . .
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\ v G2 Vector Data (5)
N 7B enmap st ikeary gokg
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t Plot Settings Form View Table .
. 1 B
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e
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L
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Aggregatecn Mean v e ~ !
. < > Fier d'*'m Fiter | / Ay T
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Enhanced Profile Source Panel  Individual / generated

multiple profile fields
labels and colors

Enhanced Plot Setti |
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EnMAP-Box

- Spectral lerary Tools - Data Format and Import

D Q8 § [™f

% Spectral Profiles

X Axis | Wavelength [nm]

in Geopackage OF e
FO rm at ;E Name Value =
. . ;: v 1. Current Profiles
‘:’ ’:leX|b|e Attﬂbutes % ’ :- group“;zfectrum“
. B 1 v roup "Reference”
St O re d W | t h E;E;:I 5::?:3:&
Spectra: location, it

Color . #e3dlalc
Style

white reference...
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Spectral Library Tools — Spectral Processing

W \\

% all Processing Algorithms are also applicable to Spectral Libraries
e.g. Spectral resampling (to EnMAP)

x - —— ; . . - R —— | G |
Q'E;hj & 5 : ?[_; m ¢ d | & & & ?°:° ' o # |': B & e

,

123 fid v|=|E||122 ~ | |Update All | | Update Selected
level_1 level_2 fid name level_3 Ay
1 impervious impervious 1 red clay tile 1 roof
1 Spectral Processing Dialog ? X

o¢ Algorithm | |Spectral resampling (to ENMAR) "enmapbox:SpectralResamplingToEnmap™ ‘

Inly process 0

L3
Parameters  Log Spectral resampling (to EnMAP)
" Spectral raster layer Spectral resampling to EnMAP sensor,
an 7
w* profiles (177 bands, Micrometers) 2 For more information see the mission website,

e Spectral raster layer

library _berlin

123 resampled ~

A spectral raster layer to be resampled.
Output raster layer

Raster file destination.

0%
Change Parameters Cloge Help

15 impervious impervious 15 brown shingle roof

Advanced ¥

v

T T = T T - = = < >

| Apoty | 7
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% Spectral Processing is also supporting models from the QGIS Mode|

Designer

w reference_vector

"4 &= reference_field

T I

Bl

## Classification from Vector

& input_image

In

% Fit RandomForestClas.

Qut 1
In

' Predict Classification

> predicted_image
- Classification Performa..

Out

Out

q]

Spectral Library Tools — Spectral Processing

~ | |Update All | | Update Selected

fid name

1 red clay tile 1

level_3 Ay

roof

?

X

EnMAF sensor,

e the mission website.
ayer

lver to be resampled.

yer

hmpling (to EnMAP)

0%

Run Close

Cancel

Help

15 brown shingle

roof




" EnMAP-Box Publication

% Jakimow B, A Janz, F Thiel, A Okujeni, P Hostert, S van der Linden (2023). EnMAP-Box:
Imaging Spectroscopy in QGIS. SoftwareX, in review.

Manuscript File Click here to view linked References =

2
3
4 : .
5 EnMAP-Box: Imaging Spectroscopy in QGIS
€
; Benjamin Jakimow™®, Andreas Janz®, Fabian Thiel®, Akpona Okujeni®,
9 Patrick Hostert®, Sebastian van der Linden®

10

11 “Geography Department, Humbolde-Untversitdt zu Benlin, Unter den

15 Linden 6, 10099, Beritn, Germany

13 ¥ Institute of Geography and Geology, Untversity of

14 Gretfswald, Domstrafe {1, 17{89, Cretfswald, Germany

15
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17

18

18 Abstract

gj Satellite missions like EnMAP and PRISMA generate raster images that

describe the Earth’s environment with hyperspectral resolution. Such imag-
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EnMAP-Box

.. Gontact

o,

% For detailed information, installation, application tutorials have
a look at https://enmap-box.readthedocs.io/en/latest/

L)

“ Or write us: enmapbox@enmap.org

* EnMAP-Box 3 Documentation— X = 4

C ¥ @ enmap-boxreadthedocs.io/en/latest/

@ / EnMAP-Box 3 Documentation

EnMAP-Box 3 Documentation

The EnMAP-Box is a python plugin for QGIS™, designed to process and visualise hyperspectral remote sensing data.

Get going with the Installation and the Getting Started chapter. Have a look at the Cookbook for usage examples!

o~

Key features

« Extend your QGIS for remote sensing image analysis
About « Add powerful tools to process and analyse imaging spectroscopy data

FAQ & Troubleshooting « Integrate machine learning algorithms into your image classification and regression with Random Forests, Support Vector Mac
How to contribute « Create and manage spectral libraries with attribute data

Rbacmah « Develop your own image processing algorithms using a powerful Python API

Glossary

Installation



