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Introduction to the EnMAP-Box —

QGIS 3.32
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https://enmap-box.readthedocs.io/

EnMAP-Box | Agri-Apps
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The openly available software EnMAP-Box provides a variety
of tools under the Agricultural Applications category.
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Classification Work
Imagebath
Regression-based |
Regression Workflg
EQ Time Series Viey
Classification Work
GFZ EnGecMAP
EnPT (EnMAP Proc

Interactive Visualization of Vegetation Reflectance Models ([VVEM)
Create Look-up-table

Invert Lock-up-table

Vegetation Indices Toclbox

Plant Water Retrieval (PWE)

Analyze Spectral Integral (AS])

interactive Red-Edge Inflection Point (IREIP)

Vegetation Processor

Soil Applications
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Spectral Mixer




. Agriculturally relevant information can
En MAP-BOX | Ag”-AppS be derived from hyperspectral data in wowie-

the EnMAP-Box via diverse methods: CONNECTING SCIENCE AND SOCIETY LMU| 322

Parametric Methods (e.g. Indices, ASI, iREIP) Non-Parametric Methods (e.g. Regression Workflow)
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Physically-Based Methods (e.g. IVVRM, PWR, Invert LUT) ybrid Methods (e.g. ANN Vegetation Processor)




Approx. 4000 km to the East, Center Coordinates: 54.17° N | 69.53° E
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EnMAP | Hyperspectral Time-Series




EnMAP | Hyperspectral Time-Series
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EnMAP-Box | Empirical Methods

Some tools, such as the “Agricultural-Indices-Collection”, the
“Analyze-Spectral-integral” or the “Interactive-Red-Edge-
Inflection-Point” tool support traditional parametric methods.

The “Regression-Workflow” can be applied to train a collection
of machine learning algorithms for non-parametric retrievals.

Both, parametric and non-parametric approaches usually are
applied in conjunction with flight-parallel in-situ measurements
for calibration of empirical models.

Q@ Vegetation Index Toolbox X

Image Files No Data Divide Input by
Input Image: - |]... Input:  Output:
Output Image: 1.0
Image Out Interpolation type
Select All
® Output to single file ®) Nearest Meighbor Lingar Interpolation
Deselect All Qutput to individual files Inverse Distance Weighting / exponent: | 2

Check tooltips for detailed information

w Structural
v | hNDVI {Oppelt 2002) +'| NDVI (Aparicio etal. 2002) v/ MDVI (Datt 1998) || NDVI (Haboudane et al. 2004)
V| NDVI (Zarco-Tejada etal. 1939) v MCARI 1 v MCARI 2 V| MSAVI
V| MTVI 1 v MTVI 2 v OSAVI V| SPVL
v RDVI
w Chiorophyll
v €511 v €512 V| Greeness Index VI GM1
v GM2 v green NDVI V| MCART V| NPQT
v PRI v Red Edge Inflection Point V| Red Edge Point V| SRchl
v SR705 v TCARL V| VI V| Vogelmann Index 1
v Wogelmann Index 2 v ZTM V| SRa V| SRb1
v/ 5Rb2 V| SRtot V| PSSRa V| PSSRb
v LTI v MLO

w Carotenoids and Anthocyanin

v ARD VI CRI2 VI CRI1 V| PS5Re
v SIPL
w Leaf Water
v DSWI v DSWIS V| LWV 1
v MST v NDWI V| PWI
w Dry Matter
v SWIRVI v CAL V| NDLT
v BGI v BRI V| RGI
V| NPCI | NDI (test)

w Fluorescence

V| CUR VILIC1 VILIC2
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EnMAP-Box | Physically-Based Methods

With the
“Interactive-
Visualization-of-
Vegetation-
Reflectance-
Models (IVVRM)”,
the “Plant-Water-
Retrieval (PWR)”
and the “Invert-
Look-Up-Table”
tools, also
physically-based
approaches that
do not rely on in-
situ data for
calibration are
available in the
EnMAP-Box.

() Interactive Visualization of Vegetation Reflectance Models

Sensor Type Select Leaf Model
Prospect 3
PRISMA_generic v
® Prospect 4
# bands: 233 Prospect 5

Accumulative Plotting Reht Scale Remove Plots
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Load In Situ Data... | | ResetInSitu | | Close App

1400

Wavelength [nm]

Save Spectrum...

Select Background

®) Use defaut soil spectrum
Load background spectrum

Find background spectrum

Brightness Factor

0.8
Select File. |

Image... Show Soil Spectrum

How to use this tool

Save Parameter Set...

w Leaf Model Parameters

Structure Parameter (N)
‘

Chiorophyll A +B (Cab)

‘
Water Content (Cw)

‘
Dry Matter (Cm)

‘4
Carotenoids (Ccx)

q
Brown Pigments (Cbrown)
Anthocyanins (Canth)
Proteins (Cp)
Carbon-based constit. (CBC)

w Canopy Model Parameters

Leaf Area Index (LAT)

Leaf Angle

Hot Spot Size Parameter
Obs. Zenith Angle

Sun Zenith Angle

Relative Azimuth Angle

w Forest Model Parameters

Undergrowth LAI (LAIU)
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. North-Kaz Agricultural
Experimental Station
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Approx. 300 km further to the South, Center Coordinates: 54.69° N | 70.99° E
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EnMAP | Hyperspectral Time-Series
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EnMAP-Box | Hybrid Methods

Combining the transferability and predictive power of physically-based approaches with the computational
efficiency of machine learning, the “ANN-Vegetation-Processor” enables the application of so-called hybrid
retrieval strategies, where models are trained purely based on simulated data. In-Situ data nonetheless is often
used for validation of hybrid retrievals.

Global Sensitivity Analysis: PROSPECT-PRO (Feret et al., 2020
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EnMAP-Box | Active Learning

The machine learners that are applied as part of the hybrid retrieval workflow are very sensitive to the structure of

the training data. Some of them for example do not cope well with redundancy in the training samples.

Active Learning (AL) takes a huge data base, which e.g. has been generated using reflectance models, and
streamlines it by selecting only the most relevant samples. This can either be done internally or with help of

independent in-situ data.

By applying AL, the training Zb2
data base becomes smaller but
more meaningful and more _ =
tailored to the target variable. :E 25
=
220
AL will soon be integrated into g
the hybrid retrieval tools inthe 15
EnMAP-Box.
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EnMAP | Conclusions

= The EnMAP-Box provides apps in a very user-friendly way that cover the full range of available methodologies,
from simple parametric approaches up to advanced hybrid techniques.

= Active learning heuristics enable the optimization of training data by removing redundancies and thus largely
contribute to increased performance of variable retrievals via machine learning. They will soon be included in
the EnMAP-Box.

= Hyperspectral data is still sparse, especially time-series are hard to achieve.

= |t therefore is an advantage that the EnMAP-Box is open also towards other data sources, such as PRISMA.

= We should also be open-minded towards opening the EnMAP-Box algorithms for future missions (e.g. CHIME).
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