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Agenda and content

* Introduction to new perspectives and new horizons
* Key sensors and algorithms

* Key applications and examples
* Advantages and disadvantages
* Conclusion
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Key applications and examples

* 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 Al training data and prediction
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Key sensors and algorithms

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 Al applications (neuronal networks, etc.)

Training, prediction and classification based on large amount of
augmented training and testing image samples
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3 main application pillars: UAV velocity, Sensor payloads, Al analytics:

Varation HI
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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 Physiology and phenology
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Very high resolution 3D Structure UAV borne very high analysis with 0.1m GSD Monitoring phenology with long
time UAV images at plot level.
Crown surface models , DTM, DSM Tree crown integrity cover maps - Disease type mapping 8 P
_ . Phenological modelling with weekly
Full 3D Forest and tree structures, Tree crown cover density map und change detection data time series
i.e. Digital Twins and Forest Threats, . Dominant leaf type map, FAPAR and LAI — Products Forest cover change detection
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Forest structure examples: Wind calamities and storm damages

Recent wind break monitoring with UAVs at HNEE Wind throw prediction and verification
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Area of Interest Detection of damaged beech trees
L e On UAV-Ortho-mosaics with Neural Networks

~—___Strasburg=~
(Uckermark):

Training Data
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Abiotic and biotic stressors led to vitality

Woldegk/ .
loss and die back of beech crowns.
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The area was captured twice, and a
training dataset was created to train a
neural network for early detection of
weakened and dying trees.

Source: OSM Prenzlau

Data Acquisition

Neural Network

Mask R-C-NN - Object segmentation

Region
Proposal
Network

Class
Box regression

14 flights, 112 ha UAVSs: 7
Flight template: nadir Phantom 4 RTK, '“’
Flight height:120m Mavic2 Pro, Mavic Pro
Overlap: 90%
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Detection of Mistletoe spread in Pinus sylvestris
on UAV-Ortho-mosaics with Neural Networks

— Training Data

— Identification of Infested
—> )
Crowns on Ortho-mosaics
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UAV-Orthomosaic 2021 0623 intense  infestation Development
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[ infested c .

SSp austriacum in
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UAVs:
Phantom4 RTK,
Mavic2 Pro, Mavic Pro

Acquisition dates:
From 14.05.2019
to 23.06.2021
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Quantification of deadwood slash piles on a large forest fire site

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.
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Advantages

Vehicle velocity and multiple sensor payloads
Near-real-time calibration of sensors
GSD scalability

Near-real-time observation

fast and flexible deployment

SHEEP: 9

Large Al training sample production

Automated object counting from UAVSs;

Adaptation of Al — methods and algorithms ~ Source: SedireyHolan
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sadvantages

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 requwements
massive GPU- requirements at normal PC leve| _g7#

Limited spatial Al transferability options
High diversity of forest environments - >

Wildlife monitoring w 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 Segmentation accuracy

50%
(80 pts'm?)

3%
} (4.8 ptsm?)

~ mlam
I Field-measured
tree 10|
=0m

. i PCS-dutected TEA Quelle: §jteinmeier; Knapp, et.al. 2021
SRR * PCS-detecte > %
Quelle: Liu, Kun et. al 2018 freetop

Quelle: Lemke, Mund 2018
Very high point densities 3D structural analysis at stand level Spatial index with AMS3D =
Structure from motion (SfM) segmentation of large
amount of square

kilometres of forest possible

Full wave form analysis

Adaptive mean shift algorithm (AMS3d)
Voxelation, and others Geoslam algorithm
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SAR - UAV
combination

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

Severe storm event

Forested areas Germany

Data acquisition

Copernicus Open
Access Hub

Preprocessing

Radiometric and
geometric terrain
correction
Co-registration

CORINE Land Cover (CLC) 2018

Forest&Photonics 2021 @ Photonics Days Berlin Brandenburg

Sentinel 1 - SAR

Color composite:
Sigma0_VV — Sigma_VH — Sigma0_VV/Sigma0_VH

Pre-storm event

Sentinel 2 - multispectral

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

Post-storm event

Eberswalde University for Sustainable

Change detection

Analysis of difference in
backscatter pre and
post storm &

Machine learning
algorithms to identify
potential damaged
forest areas
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It4forst core Team at HNE in Eberswalde

Jan-Peter Mund Luis Miranda Jens Miiller Nicole Albert Lilli WaRermann Stefan Reder Ramazan Biilbil
Fan PeteritunilisBrofossorfor Lule Miranda is Professor for is professor for Nicole Albert is researcher and Lilli WaRermann studies Forest Stefan Reder has a back ground on Ramazan Biilbiil is student of the
&I and Remote Sensing Environmental Data Analysis and Environmental Big lecturer with focus on remote System Transformation and IT and a degree on ecosystem Master programme Forest Systems
Programming. Data Analytics at sensing facilitates learning as IT tutor. management. Transformation at HNEE and currently

and Co-Head of the HNEE.
FIT Study program

research assistant.

www.itdforest .de we welcome you visiting our website
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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- |magery UAV — Multi- spectrale Ortho Imagery
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Analysing the crown level surface with - RGBI Phenological Analyses close to rown surface level

Crown cover segmentation

Individual tree crown structure and heights Crown
density, crown level and 3D crown analysis

Individual tree crown analysis and surface physiognomy long
term change detection of the crown surface level
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Combining methods and tools - designing Al - workflows
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operational monitoring concepts and data processing prototypes

Wuudis Ul web services, apps and Tools
- SMART FOREST INVENTORY
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XML, Shapefiles, API's Geospatial Expleitation Plateform (GEP) Forest open data/field
standardized forest for autematic imegery processing chains verification data
management plans A

SMART FOREST TOOLS _

Smart Forest Management

Sateliite data and process with Spacebel
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