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• Introduction to new perspectives and new horizons 

• Key sensors and algorithms 

• Key applications  and examples 

• Advantages and disadvantages 

• Conclusion   

Agenda and content
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Approaching  new perspectives and new algorithms 
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distance to the object of interest and quick reaction is possible  
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• Multi-sensor application for detecting and monitoring forest fires

• Multispectral application for detecting and monitoring forest diseases  

• RGB Sensors producing large scale image mosaics and AI training data and prediction  

Key applications and examples
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Source: Frontiers Media SA 2021 Source: C. Yuan, Zhixiang Liu, Youmin Zhang, 2016 Source: Kampen  Mund. et al. OVG - DGPF - SGPF 2019
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 RGB (I) consumer cameras carried on consumer UAVs – RTK opt.

 professional multispectral sensor systems on multicopters

 Hyperspectral sensors or specific single band sensors 

 small sized LiDAR applications, i.e. WLS systems   

 Short-wave infrared to thermal scanner systems 

 Methodical machine learning or AI applications (neuronal networks, etc.)

 Training, prediction and classification based on large amount of 
augmented training and testing image samples 
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Key sensors and algorithms 
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3 main application pillars: UAV velocity, Sensor payloads, AI analytics:
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Core forest application types: Structure, Density, Phenology 

LIDAR and 3D point cloud analyses VHR UAV image mosaics and dense time series 

UAV borne very high analysis with 0.1m GSD 

Tree crown integrity cover maps  - Disease type mapping   

Tree crown cover  density map  und change detection

Dominant leaf type map, FAPAR and  LAI – Products 

Quelle: C. Ginzler, WSL Quelle: Swiss Topo AG Quelle: ESA Copernicus program 

Very high resolution 3D Structure

Crown surface models , DTM , DSM   

Full 3D Forest and tree structures, 

i.e. Digital Twins and Forest Threats,  .
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Physiology and phenology

Monitoring phenology with long 
time UAV images at plot level. 

Phenological modelling with weekly 
data time series  

Forest cover change detection 
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Forest structure examples: Wind calamities and storm damages

Recent wind break monitoring with UAVs at HNEE    

Quelle: ESA 

GE Image June 2018 

Mapping wind thrown trees with UAV and AI, Mai 2018 

Quelle: Reinhardt, HNEE 2020
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Wind throw prediction and verification 



Detection of damaged beech trees 
on UAV-Ortho-mosaics with Neural Networks

Vital
crowns

Dead 
crowns

Damaged 
crowns

Abiotic and biotic stressors led to vitality
loss and die back of beech crowns.

The area was captured twice, and a
training dataset was created to train a
neural network for early detection of
weakened and dying trees.

Mask R-C-NN - Object segmentation

14 flights, 112 ha
Flight template: nadir
Flight height:120m
Overlap: 90%
GSD: 2.4 cm 

UAVs: 
Phantom 4 RTK, 
Mavic2 Pro, Mavic Pro 

Acquisition dates:
19.09.2020 and 
20.06.2021 Source: https://doi.org/10.1186/s42490-019-0026-8 

Source: OSM

Data Acquisition

Neural Network

Training Data
Area of Interest

Source: Reder, Wassermann , Müller, Mund, HNEE, 2021 



9 flights on AOI (1ha)
Flight template: 
nadir/oblique/cross
Flight height:120m
Overlap: 85%
GSD: 2.4 cm

UAVs: 
Phantom4 RTK, 
Mavic2 Pro, Mavic Pro

Acquisition dates:
From 14.05.2019 
to 23.06.2021 

Data Acquisition Identification of Infested 
Crowns on Ortho-mosaics

Training Data

Source: OSM

Hypothesis: Draught
stress and changing
patterns of bird
migration led to
intense infestation
with the parasitic
plant Viscum album
ssp. austriacum in
pine crowns.

Creation of Orthomosaics
from 3d Point Clouds

Detection of Mistletoe spread in Pinus sylvestris 
on UAV-Ortho-mosaics with Neural Networks

Area of Interest

Source: Wassermann; Reder, Mund, HNEE, 2021 



A pine plantation burned down by wildfires. This
project aims to create a workflow for an ecological
assessment of remaining deadwood slash piles on
embankment formation from former plowing.

Co-registration

Volume 
Estimation

Training Data

P4 RTK - Orthophoto

GeoSlam ZEB Horizon 
PLS – Point Cloud

U-Net architecture

Quantification of deadwood slash piles on a large forest fire site 

Area of Interest Neural Network

Source: OSM

Source https://geoslam.com

Source: Reder, Bülbül, Mund, HNEE, 2021 
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• Vehicle velocity and multiple sensor payloads

• Near-real-time calibration of sensors  

• GSD scalability 

• Near-real-time observation 

• fast and flexible deployment 

• Large AI training sample production

• Adaptation of AI – methods and algorithms  
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Advantages

Automated object counting from UAVSs; 
Source: Godfrey Nolan

https://www.commercialuavnews.com/author/godfrey-nolan
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• No standardisation of vehicles and payloads, yet 

• Nonconforming flight paths and image mosaicking methods   

• Large local image training requirements 

• High computation and image mosaic processing requirements
massive GPU- requirements at normal PC level

• Limited spatial AI transferability options

• High diversity of forest environments  - >   
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Disadvantages 

Wildlife monitoring with C-NN amd FC-FI CNN 
Source: Fachhochschule Nordwestschweiz
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Further UAV image analysis options – mobile UAV – Lidar and WLS  

UAV – LiDAR at forest inventory plot level UAV – 3d point cloud analysis 

3D structural analysis at stand level

Structure from motion (SfM)

Geoslam algorithm 

Very high point densities  

Full wave form analysis 

Adaptive mean shift algorithm (AMS3d)

Voxelation, and others 

Quelle: Lemke, Mund 2018Quelle: Liu, Kun et. al 2018 
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Spatial index with AMS3D = 
segmentation of large 
amount of square 
kilometres of forest possible

Segmentation accuracy 

Quelle: Steinmeier; Knapp, et.al. 2021 
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Forested areas Germany
CORINE Land Cover (CLC) 2018 


Issue with optical data
(Sentinel 2 Data):
Cloud coverage Color composite: 

Sigma0_VV – Sigma_VH – Sigma0_VV/Sigma0_VH

Sentinel 1 – SAR Sentinel 2 - multispectral

Color composite: 
Red (B4) – Green (B3) – Blue (B2)

X

Approach:

Photo: Stuart Krause

Photo: Marco Natkhin

Forest storm damage

SAR – UAV 
combination
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It4forst core Team at HNE in Eberswalde  

Jens Müller

is professor for 
Environmental Big 
Data Analytics at 

HNEE.and Co-Head of the
FIT Study program
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www.it4forest .de we welcome you visiting our website 



Eberswalde University for Sustainable Development ∙ Schicklerstraße 5 ∙ 16225 Eberswalde ,       Prof. Dr. Jan-Peter Mund,  Faculty of Forest and Environment , www.it4forest.de 

Forest&Photonics 2021 @ Photonics Days Berlin Brandenburg

www.hnee.de

Forest&Photonics 2021 @ Photonics Days Berlin Brandenburg

Thank you for your kind attention

Prof. Dr. Jan-Peter Mund, HNEE  
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quasi operational UAV – monitoring processes and tools

UAV – RGB Stereo – Ortho-imagery UAV – Multi-spectrale Ortho Imagery

Phenological Analyses close to rown surface level

Individual tree crown analysis and surface physiognomy long 
term change detection of the crown surface level 

Quelle: Kampen et al. 2019 

Analysing the crown level surface with - RGBI

Crown cover segmentation  

Individual tree crown structure and heights  Crown 
density , crown level and 3D crown analysis
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Combining methods and tools  - designing AI - workflows 

UAV-Orthofoto 
nach der 

Aufarbeitung

Generische Trainingsdaten
GenDS100
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UAV-Orthofoto
Des Sturmschadens
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Maskierte 
Stämme

Hintergrund 
Samples

Daten 
Augmentierung

Training Stufe 1 Training Stufe 2 

U-Net Architektur 

Spezifische Trainingsdaten
SpecDS

Testdaten
TestDS

Evaluation

Training – Input Pipeline 
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Vortrainiertes
Modell

S1Mod100

Trainiertes 
Modell

S2Mod100 Evaluation – Input Pipeline 
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z Orthofoto
des Windwurfs

Klassifizierte
Rasterdaten

Vektordaten
z.B. für 

Harvesterfahrer

Vektorisierung

Source: Reder, HNEE, WINMOL 2021 
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operational monitoring concepts and data processing prototypes 
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