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Individual tree detection and species classification 
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Motivation for this presentation

Perspectiveson tree species classification in Poland

Presentation of a solution for tree speciesclassificationand 
monitoring the condition of individual trees, implemented and 
tested in LIFE+ ForBioSensingproject

Exchange of experience- ideas for the 
near future
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Forestcover - around 29.6%(9.260 mln ha)

Ownership: 
Å public forests 82% of Poland's forests 

(State Forests National Forest Holding -
78%, national park forests - 2%, 
others- 2%).

Å private forests 18%. 

Treespecies in Poland:
pine - 58.5% birch - 7.5%
oak - 7.5% spruce - 6.4%
beech - 5.8% alder - 5.4%
other deciduoustrees - 4.7%
other coniferous trees - 4.2%

Forests in Poland

Source: GUS

Source: ZPE
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General idea for remote sensing-based forest inventory and 

monitoring (in Poland)

Inventory
Monitoring

Terrestrial RS ALS/other RS RS

ABA ABA/ITD

dbh/height statistical methods/ALS field based/RS
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NFI in Poland
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NFI in Poland



TreeSpeciesProject Workshop, Göttingen. 27-28 September2022
LIFE + ForBioSensingPL  ComperhensiveƳƻƴƛǘƻǊƛƴƎ ƻŦ ǎǘŀƴŘ ŘȅƴŀƳƛŎǎ ƛƴ .ƛŀƱƻǿƛŜȍŀ Forestsupportedwith remote sensingtechniquesco-fundedby Life Plus and The NationalFund for EnvironmentalProtectionand Water Mangementin 

Poland, contractnumber: LIFE 13 ENV/PL/000048; 485/2014/WN 10/OP-NM-LF/D

LIFE+ ForBioSensingproject
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¢ƘŜ .ƛŀƱƻǿƛŜȍŀ Forest
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Field-basedmonitoring plots
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Remote sensing data acquired in the project

Remote sensing data

Airborne
and satellite level

Groundlevel

Airborne laser 
scanning

Hyperspectral
imagery

High-resolution 
multispectral images

Terrestrial laser 
scanning

Terrestrial
hyperspectral
measurements

Hemispherical
photos
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Data collectedfrom airborne and satellite level

HYPERSPECTRAL 
DATA

AIRBORNE 
MULTISPECTRAL 
DATA

SATELLITE 
MULTISPECTRAL
DATA

HYPERSPECTRAL 
DATA

ALS (leaf-on&off) ALS (leaf-on)

HYPERSPECTRAL 
DATA

SATELLITE 
MULTISPECTRAL
DATA

AIRBORNE 
MULTISPECTRAL 
DATA

AIRBORNE 
MULTISPECTRAL 
DATA

2015 2016 2017 2018 2019

New project

ALS

AIRBORNE 
MULTISPECTRAL 
DATA

To be acquiredin autumn2022
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Results of remote sensing analyzes



TreeSpeciesProject Workshop, Göttingen. 27-28 September2022
LIFE + ForBioSensingPL  ComperhensiveƳƻƴƛǘƻǊƛƴƎ ƻŦ ǎǘŀƴŘ ŘȅƴŀƳƛŎǎ ƛƴ .ƛŀƱƻǿƛŜȍŀ Forestsupportedwith remote sensingtechniquesco-fundedby Life Plus and The NationalFund for EnvironmentalProtectionand Water Mangementin 

Poland, contractnumber: LIFE 13 ENV/PL/000048; 485/2014/WN 10/OP-NM-LF/D

Needfor accurate information on alive/ dead spruces
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CHM-basedIndividualTreeDetectionmethod

ÅThe need to implement a method in structurally 
heterogeneous and species-mixed forests

ÅMarker-controlled watershed segmentation algorithm
with parametrisationinto three heightranges

ÅResultingsegments adjusted 
using a five-step procedure
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But someerrors still occurΧ

Å Oversegmentation and undersegmentation 
errors occur in all ITD methods

Å Geometry and ALS derivedmetricsto 
distinguishbetweenerrors

Å Machine learning techniquesenable to
separate errors from correct segments 
with high precision

Å Whichtree species are more likely 
to be incorrectly segmented?



TreeSpeciesProject Workshop, Göttingen. 27-28 September2022
LIFE + ForBioSensingPL  ComperhensiveƳƻƴƛǘƻǊƛƴƎ ƻŦ ǎǘŀƴŘ ŘȅƴŀƳƛŎǎ ƛƴ .ƛŀƱƻǿƛŜȍŀ Forestsupportedwith remote sensingtechniquesco-fundedby Life Plus and The NationalFund for EnvironmentalProtectionand Water Mangementin 

Poland, contractnumber: LIFE 13 ENV/PL/000048; 485/2014/WN 10/OP-NM-LF/D

How it looksin the practice

Correctsegmentation

Undersegmentation

Oversegmentation
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Correctionmethod of CHM-basedITD

Undersegmentationerrorsrefinement Oversegmentationerrorsrefinement
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Correctionmethod of CHM-basedITD

Å The correction method allows refinement 
of many segmentation errors

Å Method improves the performance of ITD
methods in estimating stand parameters

Å Correctionmethod is most efficient for 
mixed stands, for which thelowest 
segmentation accuracy is initially obtained

Å A shortcoming in the context of image data 
only:methodrequiresALS point cloud
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Speciescomposition- ALS

spruce
pine
deciduous
deadspruce
deadpine
deaddeciduous
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The dynamics of spruce dieback in 2015-2019

Å{ǘŜǊŜƵŎȊŀƪet al. 2019, doi: 
10.1016/j.foreco.2019.03.064

ÅYŀƳƛƵǎƪŀ Ŝǘ ŀƭΦ нлнлΣ doi: 
10.1016/j.foreco.2020.118432

Å{ǘŜǊŜƵŎȊŀƪ Ŝǘ ŀƭΦ нлнлΣ doi: 
10.1016/j.foreco.2019.117826

ÅYŀƳƛƵǎƪŀ Ŝǘ ŀƭΦ нлнмΣ doi: 
10.1016/j.foreco.2021.119530
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ALS vs MS data
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Exampleof application
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Treespeciesclassificationςhyperspectraldata
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Multi -temporal ALS (leaf on and leaf-off) + CIR imagery
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ALS leaf-on vs leaf-off metrics


