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Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 3 / 31

Machine Learning Data Engineering

Beispiel I (TinyAIoT) Beispiel II (AI4Forest)



Wälder → Holz: Wichtiger Rohstoff + CO2-Senke
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Quelle: https://pixabay.com
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Quelle: https://pixabay.com

Wälder & Forstwirtschaft

Wälder liefern Holz, das unverzichtbar ist für . . .
▶ Bauwesen und Architektur: Gebäude, Dächer, Türen, . . .
▶ Möbel und Innenausstattung: Tische, Stühle, Betten, Regale, . . .
▶ Papier und Verpackung: Papier, Karton, . . .
▶ Energieerzeugung: Brennholz, Pellets, . . .
▶ Industrieprodukte: Sperrholz, Spanplatten, . . .
▶ Transport und Logistik: Paletten, Kisten, . . .
▶ . . .

https://pixabay.com
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Wälder wandeln Kohlendioxid (CO2) in organisches Material um und speichern den Kohlenstoff im Holz
über Jahrzehnte/Jahrhunderte. Sie stellen eine der wichtigsten Kohlenstoffsenken der Erde dar!

https://pixabay.com


Bedrohungen: Klimawandel → Insekten
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Quelle: https://www.tagesschau.de/wissen/klima/wald-bestand-schaedlinge-100.html

https://www.tagesschau.de/wissen/klima/wald-bestand-schaedlinge-100.html


Bedrohungen: Waldbrände

Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 6 / 31



Bedrohungen: Abholzung
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Quelle: https://www.tagesschau.de/wissen/klima/zerstoerung-tropischer-urwaelder-100.html

https://www.tagesschau.de/wissen/klima/zerstoerung-tropischer-urwaelder-100.html


AI4Forest (PIs)
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“AI4Forest aims at the use of scalable AI methods in the field of sustainability as well as at the development of conceptually

novel and highly-efficient AI methods. It will, hence, have a direct impact on the national AI strategies of both France and

Germany. AI4Forest aims at intensifying ongoing research activities conducted by the project partners with the goal of

establishing a long-term collaboration between the hosting institutes, and more generally between France and Germany, in this

interdisciplinary and data-driven field.”



Projektübersicht
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Welche Aktie ist das?
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Bildquelle: https://www.finanzen.net

https://www.finanzen.net


Maschinelles Lernen → High-Performance Computing
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Bildquelle: https://www.nvidia.com/en-us/deep-learning-ai/

https://www.nvidia.com/en-us/deep-learning-ai/


Tiefe Neuronale Netzwerke?
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Bildquelle: Christian Szegedy, Wei Liu, Yangqing Jia, Pierre Sermanet, Scott Reed, Dragomir Anguelov, Dumitru Erhan, Vincent Vanhoucke und Andrew Rabinovich. Going Deeper with

Convolutions. Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 2015.

Moderne Architekturen besitzen oft Milliarden von Parametern →
”
Erstellung“ der Modelle kann extrem rechenintensiv sein!



Tiefe Neuronale Netzwerke: Training (Teil der Vorlesung
”
Machine Learning“)
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Batch Gradient Descent

Require: Set T = {(x1, y1), . . . , (xn, yn)} ⊂ R
d × Y, loss function L, and learning rate η > 0.

Ensure: Weights W,b for the model f(x;W,b)
1: // small random values (e.g., normally distributed)
2: Initialize W and b

3: repeat

4: // gradient of the cost function based on all training instances

5: Compute ∇C(W,b) = 1

n

∑
n

i=1
∇L (f(xi;W,b), yi)

6: // model parameter update
7: (W,b)← (W,b)− η∇C(W,b)
8: until stopping criterion is met

L1/L2 Regularization

One can also regularize the weights of a neural network. That is, one optimizes for

C(W,b) =
1

n

n
∑

i=1

L (f(xi;W,b), yi) + λ
(

∥W∥2 + ∥b∥2
)

with regularization hyperparameter λ ≥ 0. Typically: L1/L2 norm per layer



Tiefe Neuronale Netzwerke: Beispiel
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Bildquelle: https://poloclub.github.io/cnn-explainer/

https://poloclub.github.io/cnn-explainer/


Satellitendaten: European Space Agency
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Bildquellen: ATG medialab, ESA, P. Carril

CC BY-SA 3.0 IGO



Satellitendaten: European Space Agency

Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 15 / 31

Bildquellen: ATG medialab, ESA, P. Carril

CC BY-SA 3.0 IGO



Satellitendaten: European Space Agency

Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 15 / 31

2014/2016 → Sentinel-1A/1B

(pro Tag: 4TB)

2015/2017 → Sentinel-2A/2B

(pro Tag: 3,2TB)

2016/2018 → Sentinel-3A/3B

(pro Tag: 6TB)

2023→ Sentinel 4

(pro Tag: 2TB)

2017/2021 → Sentinel 5

(pro Tag: 4TB)

2020/2026 → Sentinel-6A/6B

(pro Tag: 0,3TB)

Bildquellen: ATG medialab, ESA, P. Carril
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Was ist das?!



Satellitendaten: PlanetLabs → Scannt unsere Erde 1x pro Tag!
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Bildquelle: PlanetLabs
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Bildquelle: PlanetLabs

120 Nano-Satelliten (10cm × 10cm × 30cm)
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Bildquelle: PlanetLabs

120 Nano-Satelliten (10cm × 10cm × 30cm)
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Satellitendaten: Anwendungen
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Bildquelle: Danish Agency for Data Supply and Efficiency
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Bildquelle: Danish Agency for Data Supply and Efficiency
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Satellitendaten: Anwendungen
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Energie Landwirtschaft Smart Cities

Krisenmanagement Finanzwesen Logistik/Schifffahrt

Klimawandel Infrastruktur Covid-19

Bildquellen: PlanetLabs (https://www.planet.com/gallery; CC BY-NC 2.0)

https://www.planet.com/gallery


Beispiel I: ?
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Beispiel I: Bäume zählen!
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Daten: (c) DigitalGlobe Inc.
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Daten: (c) DigitalGlobe Inc.

Brandt, M., Tucker, C., Kariryaa, A., Rasmussen, K., Abel, C., Small, J., Chave, J., Rasmussen, L., Hiernaux, P., Diouf, A., Kergoat, L., Mertz, O., Igel, C., Gieseke, F., Schöning,
J., Li, S., Melocik, K., Meyer, J., Sinno, S., Romero, E., Glennie, E., Montagu, A., Dendoncker, M., & Fensholt, R. An unexpectedly large count of trees in the West African

Sahara and Sahel, Nature, 2020.



Beispiel I: Bäume zählen!
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Reiner, F., Brandt, M., Tong, X., Skole, D., Kariryaa, A., Ciais, P., Davies, A., Hiernaux, P., Chave, J., Mugabowindekwe, M., Igel, C., Oehmcke, S., Gieseke, F., Li, S., Liu, S., Saatchi,
S. S., Boucher, P., Singh, J., Taugourdeau, S., Dendoncker, M., Song, X.-P., Mertz, O., Tucker, C., und Fensholt, R. More than one quarter of Africa’s tree cover is found outside areas

previously classified as forest, Nature Communications, 2023.



Beispiel II: 3D-Höhenmodell (von Bäumen)
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Bild: Masterarbeit (Jan Pauls)
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Bild: Masterarbeit (Jan Pauls)



Beispiel II: ChatGPT → 3D-Höhenmodell (von Bäumen)?
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Beispiel II: Deep Learning → 3D-Höhenmodell (von Bäumen)
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Beispiel II: Deep Learning → 3D-Höhenmodell (von Bäumen)

Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 24 / 31

Jan Pauls, Max Zimmer, Una Kelly, Martin Schwartz, Sassan Saatchi, Philippe Ciais, Sebastian Pokutta, Martin Brandt, Fabian Gieseke.

Estimating Canopy Height at Scale, ICML, 2024



Beispiel II: Satellitendaten + Deep Learning → 3D-Höhenmodell → Überwachung Abholzung
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Bildquelle: https://www.tagesschau.de/wissen/klima/zerstoerung-tropischer-urwaelder-100.html

https://www.tagesschau.de/wissen/klima/zerstoerung-tropischer-urwaelder-100.html


Beispiel II: Satellitendaten + Deep Learning → Höhendifferenzen
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Jan Pauls, Max Zimmer, Berkan Turan, Sassan Saatchi, Philippe Ciais, Sebastian Pokutta, Fabian Gieseke.

Capturing Temporal Dynamics in Large-Scale Tree Canopy Height Estimation, ICML, 2025



Beispiel II: Satellitendaten + Deep Learning → Höhendifferenzen
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Demo: https://europetreemap.projects.earthengine.app/view/europeheight

https://europetreemap.projects.earthengine.app/view/europeheight


Beispiel III: Suchmaschine für Satellitendaten?
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https://images.google.com/

https://images.google.com/


Beispiel III: Suchmaschine für Satellitendaten

Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 28 / 31

Christian Lülf, Denis Martins, Yongluan Zhuo, Marcos Vaz Salles, Fabian Gieseke.

Fast Search-By-Classification for Large-Scale Databases Using Index-Aware Decision Trees and Random Forests, VLDB, 2023



Beispiel III: Suchmaschine für Satellitendaten

Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 28 / 31

Christian Lülf, Denis Martins, Yongluan Zhuo, Marcos Vaz Salles, Fabian Gieseke.

Fast Search-By-Classification for Large-Scale Databases Using Index-Aware Decision Trees and Random Forests, VLDB, 2023



Beispiel III: Suchmaschine für Satellitendaten

Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 28 / 31

Christian Lülf, Denis Martins, Yongluan Zhuo, Marcos Vaz Salles, Fabian Gieseke.

Fast Search-By-Classification for Large-Scale Databases Using Index-Aware Decision Trees and Random Forests, VLDB, 2023



Beispiel III: Suchmaschine für Satellitendaten

Skalierbare KI-Methoden für globales Waldmonitoring (AI4Forest) 29 / 31

Christian Lülf, Denis Martins, Yongluan Zhuo, Marcos Vaz Salles, Fabian Gieseke.

Fast Search-By-Classification for Large-Scale Databases Using Index-Aware Decision Trees and Random Forests, VLDB, 2023
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Skalierbare KI + Waldmonitoring
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Satellitendaten

Große (!) Datenmengen

→ Speicherung der Daten?

→ Analyse der Daten?

Künstliche Intelligenz

Maschinelles Lernen

Deep Learning

Rechenintensiv

AI4Forest

Deep Learning → Bäume zählen

Deep Learning → 3D-Höhenmodell

KI + Datenbanken → Suchmaschine
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