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Our Aim: 3D characterization of vegetation in forest plots using point
clouds datasets

How: development of automatic algorithms for 3D fuels and forest
inventory:

g~ Stems
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Main branches (insertion)
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Our Aim: 3D characterization of vegetation in forest plots using point
clouds datasets

How: development of automatic algorithms for 3D fuels and forest
inventory:

| Stems  Stems
Inventory- Diameters along the stem | Ground
Main branches (insertion) Understorey
| Crowns 'Crowns

Based on previous work by Cabo et al:

1.-Automatic forestry measurements at plot level from terrestrial laser scanning (TLS) point clouds
Automatic dendrometry: Tree detection, tree height and diameter estimation using terrestrial laser scanning.
Cabo, et al.(2018) International journal of applied earth observation and geoinformation,
2.-Comparison between TLS and WLS for DBH and tree height (TH) at plot level:
Comparing TLS and wearable laser scanning (WLS) for individual tree modeling at plot level.
Cabo, et al.(2018) Remote Sensing
3.-Point cloud classification (including ground/stems/branches classification):

Multiscale Supervised Classification of Point Clouds with Urban and Forest Applications.
Cabo, et al.(2019) Sensors



Input data collection

UAV LiDAR




Our Method

1.- Data fusion [aerial]+| ]

2.- Tree stem detection and characterization:
2a.- Cleaning and initial point cloud classification
2b.- Tree individualization
2c.- Stem axis estimation
2d.- Diameter modelling along the stems
2e.- Main branches detection (stem insertions)

3.- Classification: Stem/crown/understorey/

4.- Parameter estimation: taper volumes, branches insertion angle, stem
Inclination and curvature, ...



1.- Data fusion [aerial]+[ground-based]

Ground-based

UAV LiDAR
UAV SfM




2.- Tree stem detection and characterization:

2a.- Cleaning and initial point cloud classification :
Most probably category: stems vs branches vs ground
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2.- Tree stem detection and characterization:
2b.- Tree individualization
Point clustering based on density and distance



2.- Tree stem detection and characterization:
2C.- Stem axis estimation

Tree stem axes :D . N :r; Distance
(PCA—>1st PC) Individualization [Point] - [Closest tree stem axis]



2.- Tree stem detection and characterization

2d.- Diameter modelling along the stems

13

Yisom
1337y
TR R H ] n%unnum“uuhu
G i SOOI

EERR RS EISLEREE R

2 Z_::w:u.uwun

13109y
sisasiieeineanes
1201 13900303

19T EIRINIIIINIIIN

2 -y =
B e S0 STT PTPPPTe)
L

bRl | .a,mm._u,.u:{tw
1921393 )

21133833y
1 Bnmmnn ¥ gy
i o o3 omynnn
e n_uyﬁhg,__Wﬁwm AR
gy,
MR ey e g

ERET

3@ 33 3Ing

u__uquuuuauuuuqu
1"'nannnnn

u.ﬁn..::: 13913

maunanny
oo
18 103 2230393m)
sy
1INy, 13932333222333332303
3 e
LETRETY munwm_ ERERRDOERD BRDDDE Y SR PERET EPPLLE)
e T~ W19 113y 3y .uwﬂuuuuuuﬂa
b - ::u:;
B K0V S L TR PRSEED
. 2199901, 1330 913 392332333333
33 9002)121711333303
3 25%:3110)]
o it g LIINEII AN
= ’ L YLET
uinm

33N

PR ERR AR ERED MO
3 peagzilg1a3anInEll
PR BT EFRE M)

ERES LRI ERREE]

1ER8 14328333183y
' Ui LER L L L T vy

LR ERRE 11 ”n»n



2.- Tree stem detection and characterization:
2e.- Main branches detection (stem insertions)
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3.- Classification (1): 3D FUELS

Crowns

Understorey

« Stems [previous steps]
According to distances from diameters:

[low points; e.g. <20cm)]
* Crown [high points not in stems]

* Understorey [low points not in
stems]



3.- Classification (2): FOREST INVENTORY

* Stems

f Diameters along the stem
" Main branches (insertion)
Crowns
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4.- Parameter estimation:

 Taper volumes

« Branches insertion angle

+ Stem inclination and curvature
 Tree crown diameter




Some results in a test plot

Test data from visual inspection of the point
clouds (2 different operators), land
surveying and field work

Section: 1.3

E.g. Pinus radiata
Plot 0.7ha Tree detection:

g“ trees ope 530%) Completeness 97%
teep terrain (slope >507% C 0
orrectness >99%
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Some results in a test plot
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Boxplot:
differences in diameter estimation
ALGORITHM-OPERATORS

Section:1.3

Section: 1.7

B Labelled as ‘OK’ by the algorithm
' Labelled as ‘needing revision’ by the algorithm
B No posible estimation by the algorithm

[ No posible estimation by the operators




Developments linked to the project:

Advancing 3D Fuel Mapping for Wildfire Behaviour
and Risk Mitigation Modelling

- UK Project (funded by National Environmental Research Council)
- 3 years (January 2020 — Dec. 2022); £650,000

A
Forestry Commission
° Cyfoeth Naturiol Cymru
5 ; Natural Resources Wales
Swansea University
Prifysgol Abertawe
Forest Research




Thanks very much for your
attention!

Carlos Cabo (carlos.cabo@swansea.ac.uk)




