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Kdo jsem

« Absolvent bc. | mgr. oboru kartografie

« Aktualne ve tretim rocniku Ph.D., zamereni DPZ

. Zamestnany na CzechGlobe (Ustav vyzkumu globalni
zmény AVCR) — spoluprace v rdmci doktorského
studia

* Vedouci doc. Pokorna (bc. a mgr. u doktorky Tajovske)

* Puvodni zaméreni na znecisteni vody, ted
rekonstruovani lesa



CzechGlobe

Ustav vyzkumu globalni zmény Akademie véd Ceské
republiky — CzechGlobe je verejna vyzkumna instituce,
evropské centrum excelence, zabyvajici se priCinami a
dopady globalni zmény, tedy zavazného aktualniho
problému lidstva, jejimz jednim z hlavnich aspektu je
klimaticka zmena.



tribuovana vyzkumna infrastruktura
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FireRisk — network of monitoring stations
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Letecky dalkovy pruzkum na CzechGlobe
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Zpracovani hyperspektralnich dat — standardni vystupy

False color composite False color composite
R 782 nm R 9041 nm
G 683 nm G 9588 nm
B 555 nm B 10 354 nm
Pixel size 0.3 m Pixel size 0.7 m
Reflectance of vegetation Emissivity of concrete
. 2 sl 0.78 |
0.8 1.2 1.6 2.0 2.4 S iR i 8.5 9.0 9.5 10.0 10.5 11.0
Wavelength (um) Yt "—1? 4 Wavelength (um)
VNIR,SWIR — odrazivost LWIR — povrchova teplota

— emisivita



Letecké kampané 20z .

Letecka laboratof CzechGlobe uskutecnila 2 J
v roce 2024 vice jak 60 letti, zejména pro ucely /b."
projektt SustES a CzeCOS. K nejzajimavéjsim

patfily kampané provadéné ve spolupraci

s CNR, za ucelem kalibrace Italského

hyperspektralniho satelitu PRISMA. (f\

Ve spolupraci s némeckym FZJ byla )
uskuteénéna jiz tradi¢ni kampar se senzorem
HyPlant, ktery je leteckym demonstratorem
budouci druzicové mise FLEX. Zpestfenim

v pribéhu kampané bylo snimani ledovcl ve

Svycarskych Alpach.
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Laboratory — Image Data Acquisition

Core instruments:

* Laboratory Kit provided by headwall Photonics
* Imaging instruments

Sensor Nano

Range VNIR

Spectral range [nm] 400-1000 900- 1700
Number of spatial pixels 640 320

Max. spectral resolution [nm] | 6.0 10.0




DIFFERENT SENSORS, DATA,
PRE-PROCESSING METHODS

APLICATIONS

METHODS
(stats, Al, RTM)

Vegetation



3 D mOdEI I i ng Of fO I'ESt sun-induced fluorescence

Without wood: With wood:
fAPARgreen = 0.76 fAPAR een = 0.58

Terrestrial laser scanning
for 3D tree species models

Radiative transfer
modelling (DART)
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MINISTRY OF AGRICULTURE /'4%

OF THE CZECH REPUBLIC

Forest aboveground biomass

Tree level Forest stand level Region level
AGB ' "LQF ¥ Nadzemni biomasa
by LT lesnich porostti t/ha
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AGB modelling using airborne LIiDAR AGB modelling using satellite (optical & radar) data
AGB from airborne laser scanning and and area-based approach. and machine_|earning approaches_

hyperspectral data using tree allometry. Spatial resolution is 5-10 m. Spatial resolution is 20 m.



lant traits

Leaf chlorophyll content:

Cab
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Leaf water content:

Cw
[g/em~2]
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Urban Applications

~ Advanced thematic layers
and spatial analysis

Airborne acquisitions by FLIS ——— Essential input data

_—

SASI-600

Thermal imaging spectroscopy

Aggregation by

settlement units

TASI-600

Laser scanning
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Pocitova teplota odhad z leteckych dat vs. in-situ méreni
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Thermal regime of urban systems

Liberec
Hradec
07/2022 Kralové
09/2021

Ostrava
08/2020

Ceské Brno
Budgjovice 07/2015 08/2016
07/2019 08/2018 08/2019

11/2021 07/2024

http://tekob.czechglobe.cz/



http://tekob.czechglobe.cz/

Bark beetle infestation mapping from S-2

Seasonal trajectory of wetness vegetation Infestation stages in autumn derived from Sentinel-2
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Seasonal course of forest

biochemical traits

Floodplain mixed forest (Lanzhot)
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DETERNTITE

=

" \ 8
HLS Processing & ame
Landsat 8 Processing

* Sentinel-2 MSI data Landsat 8 OLI data
-
Atmospheric Correction and Cloud Masking

Geometric Resampling and Geographic Registration

BRDF Normalization

Band Pass Adjustment




Mapping crop properties from Sentinel-2

Leaf chlorophyll content Leaf water content Leaf area index
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Soil organic content from satellite time series

Soil organic content trend 1985 - 2014

PDIEL_DA: mask cloud shadow, cloud
NOVI > -0.05 and NDVI < 0.3
NBR2 >-0.15 and NBR2 <0.15

B1<0.15 Bare soil composite Soil index
:?‘l.'::::: 1985-1989 1985-1980
- 1990-1994 1950-1994
Landsat 5 1995.1999 1995-1999
2000-2004 2000-2004
surface 2005-2009 2005-2000
reflectance 2010-2014 2010-2014

Wiener2 spatial filtering {
Linear interpolation of missing observations

Soil trends Soil maps Temporal smoothing using Savitsky-Golay
FReEs
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1950-1954 ) 7., [
1995-1999 e
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Rekonstrukce lesa
pomoci metod DPZ

1. Rekonstrukce jehlic
2. Rekonstrukce stromu
3. Simulace syntetickych dat




Rekonstrukce jehlic

« Snaha vytvofit 3D model
« Pfrifazeni optické vlastnosti
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Rekonstrukce stromu

 DalSi krok po tvorbé modelu jehlic/ listi
« Uziti TLS dat

» Separace bodu dfeva a listi

» Tvorba QSM modelu kmene



Global Change Research Institute CAS

Workflow

TLS point cloud

TLS raw scans

Individual tree
isolation algorithm

Separated tree
PC

VoxLAD algorithm

BBox of plot

Wood-Foliage
separation

A 4

LAl value of plot
area

Y

Retrive LAl for
individual tree

Qsm
reconstruction

QSM model
(triangulated)

;'—/

Y

Tree crown model

[ —

Spatial distribution of

leaves

LAl of individual
tree

(CzechGlobe

Tree 3D
representation

www.czechglobe.cz
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Global Change Research Institute CAS

Segmentace individualnich stromu

- Pro rozdéleni stromu pouzivam metodu
shlukovani bodu zalozenou na metodé

o / . . (cut-pursuit clustering)

grafu a vzdalenosti mezi body [rmatomen ],

(connectivity calculation]

o Nalezenl kOrenoveho Sh|Uku a prOpO.Jenl / XYJ clusternea_r;stdistance/

v

ostatnich shluku na zaklade nejkratsi cesty momm7

Yy
(cut purswt clustermg]

590
], ’ ) stem detectlon )
1
A ”‘f" ( global connectlon )

[ Xz |

/mdlwdual tree XYZ /







Global Change Research Institute CAS Overall Accuracy: 0.9462
Macro Avg Precision: 0.9226

Rozdeleni dreva a listi

. Macro Avg F1-Score: 0.9320
- Trenovani PointNet++ DL pro rozdeleni s
zem/dfevol/listi

Normalized Confusion Matrix (Batch)

- 56 rucné olabelovanych stromu

SPEC Number Train Val Test

Beech 20 10 5 5

Oak 4 2 1 1

Spruce 20 10 5 5 04
Pine 8 4 2 2

Eucalyptus 4 2 1 1

Sum 56 28 14 14

% 100 50 25 25







Rekonstrukce kmene a vetvi

Pro jehlicnany pouzivame vlastni algoritmus na tvorbu
QSM (Quantitative Structure Mode) a prazdné strany
pak vyplnujeme metodou triangulace.

Pro listnace v soucasné dobé pouzivame software
AdQSM, ktery vytvori QSM a nasledne cely model
trianguluje.






Olisténi stromu

Vypocet/odhad LAI (Leaf Area Index) pro urCeni mnozstvi
listi

UrcCeni plochy koruny
Plocha listu/jehlic

Uhel listi dle druhu/méreni



Global Change Research Institute CAS

Odhad LAI z TLS
- LAD per voxel -> LAl ve 2D; grid 20 cm
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Global Change Research Institute CAS

Modely listi

- Pouzivame vetsinou zjednodusenée modely (vypocetni
narocnost)

. Jehlice budeme jesté validovat dle laboratorniho mereni




3D Reprezentace stromu
XZY




Simulace syntetickych dat

» Tvorba 3,5 mil kombinaci hyperspektralnich dat
listnateho lesa

* Trenovani ML nad temito daty, diky tomu, ze poskytuje
rozmanitou a komplexni datovou sadu prizpusobitelnou
ruznym lokalitam, Casovym ramcum a
hyperspektralnim/multispektralnim senzorum.

» Jsme soucasti CHIME projektu a data budou pouzita
pri vyvoji Level-2B procesoru a jeho validaci






Continues vegetation variables for leaves optical properties

combination
S

Chlorophyl
content

Carotenoid
content

Leaf water
content

Dry matter
content

Structural
number

Cab

Car

Cw

Cm

N

distribution

normal

normal

normal

normal

normal

mean

34.003 16.04424

5.427387 1.433608

std

0.009018 0.00427

0.0048

1.39

0.00134

0.1757

2000

notes



canopy
cover

leaf area
iIndex

sun zenith
angle

sun azimuth
angle

Scene variables

start combination
end range step notes
range S

60 90 15 3

Not for all

10 cC



Ukazka dat

Plot of Sun Azimut Angle 0 and Zenith Angle 25 with 100 combinations of bioparameters

500 750 1000 1250 1500 1750 2000 2250
Wavelength [nm]



Maskovani jen oslunenych pixelu




BRF (Reflectance) [%]

Plot of 10 different Leaf water contents, other bioparameters same, Sun Zenith Angle 65 and Sun Azimuth Angle 0
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BRF (Reflectance) [%]

Plot of 10 different chlorophyl contents, other bioparameters same, Sun Zenith Angle 65 and Sun Azimuth Angle 0
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Wavelength [nm]
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Statistical

ALSS
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Simulace lidaru a vypocet biomasy

Segmentovana

TLS data
Sestaveni P Segmentované Souradnice
virtualnich scén | stromy stromu
¥
Simulace ALS dat v
Hodnoty
AGB
Synteticka
ALS data
—{ Prediktory ‘
Trénovani <
ML algoritmu
Aplikace
1 ML algoritmu
ALS data Pozemni data
Mapa Validace Spolehlivost

ML algoritmu

biomasy
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Staze

* Finsko, Helsinki — Aalto University — Kveten 2024

 Remote Sensing Research Team (Miina Rautiainen)

 Nemecko, Bonn — Uni. Of Bonn — Listopad 2024

 Remote Sensing Research Group (Zbynék Malenovsky)

« Estonsko, Tartu — Uni. Of Tartu — Mobility projekt (2 tydny roéné)

* Francie, Toulouse — J.P.Sabatier Uni, Leden 2025
 DART development team
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Nabidka prace/brigady

* Na oddeleni leteckych Cinnosti hledame technika na
zpracovani leteckych dat

* Moznost pul uvazku pfi Skole, ale i plny uvazek po
absolvovani

* Rozvoj smerem, kterym budete chtit (vic DPZ,
programovani, databaze, GIS)
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