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Studijy plano vykdymo suvestine universiteta

Studijy metai Egzaminai
Planas Ivykdyta
| (2023/2024) 2 2
11 (2024/2025) 2 2
Il (2025/2026)
IV (2026/2027)
IS viso: 4 4
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Studijy plano vykdymo suvestine universiteta

Studijy metai Dalyvavimas konferencijose Publikacijos
Tarptautinése Nacionalinése Su citavimo rodikliu Be citavimo rodiklio
Planas Jvykdyta | Planas lvykdyta | Planas Jvykdyta | Baklé Planas Jvykdyta | Baklé
| (2023/2024) |1 1 1 0
Il (2024/2025) |1 1 0 1 T+1 1 Publiiuota
(skola is |
mety)
lll (2025/2026) |1 1 1-1 0 1 (skola | O
(atlikta is
anksciau mety)
Il metais)
IV (2026/2027) |1 1
IS viso: 4 3 0 0 2 1 2 1
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« Trimadiai tasky debesys, uzfiksuoti naudojantis lazerinio skenavimo
aparatais, pritvirtintais prie drony, leidzia atlikti sudétingesne analize
negu dvimaciai vaizdai. Misky tasky debesys naudojami miskininkijoje
(medziy inventorizacija) bei infrastruktiroje (elektros perdavimo laidy
saugumas).

 Individualiy medziy segmentacija zemos skiriamosios gebos lazerinio
skenavimo 3D tasky debesyse
« Kol kas vyrauja geometriniai algoritmai, kuriy veikimas tankiose medziy zonose ne

idealus, sudétinga atitaikyti algoritmo parametrus
(per smulkus/stambus segmentavimas);

» Literatlroje pateikiami masininio mokymosi metodai orientuoti j antzeminius lazeri
nio skenavimo duomenis, arba dronu uzfiksuotus aukstos skiriamosios gebos
duomenis (zemas skrydis);

« Suzymeéti duomenys individualiy medziy segmentacijai reti, gavimo procesas
sudétingas.
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Mokslinial rezultatai

1. Tarptautinéje konferencijoje International Symposium on Remote Sensing 2026 pristatytas
tyrimas apie ,vokseliy entropijos” taikymg medziy aptikimo algoritmuose

a. TaSky pasalinimas aukstos entropijos regionuose (tikriausiai lapai) pries naudojant kitg medziy

aptikimo algoritma, kad pagreitinti skaiCiavimus [tas pats metodas kaip 2025 konferencijos straipsnyje,
tik su greitesniu algoritmu]

b. Kamieny aptikimui tinkamo horizontalaus skerspjuvio aptikimas minimizuojant ,vokseliy entropijg“
c. Originalus greitas kamieny aptikimo algoritmas, tasky filtravimui naudojantis tik ,vokseliy entropijg“
2. Mef(tovqla_s) patobulintas, pasiekta galutiné versija tinkama publikavimui (1.a ir 1.c tasky filtravimo
pokyciai
3. Patobulintas ROBPCA algoritmas cilindro asies nustatymui — daug greitesnis veikimas su
ekvivalenciomis iSvestimis (naudojimas nukeltas dar sekanciam straipsniui, turbut konferencijai)
4. Ruosiantis masininio mokymosi tyrimui, atlikti Sie darbai:

a. Tyrinéti GPU atminties reikalavimy mokymuisi sumazinimo metodai, ,,Checkpoint Activation” funkcija
,PyTorch” pakete pritaikyta , Pointcept” paketo duomeny tipui

b. Pradétas duomeny zymeéjimas — medziy koordinatés neapdorotuose SYSIFOSS tasky debesyse
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Stendinis praneSimas apie ,vokseliy
entropijos” taikymg medziy kamieny aptikimo
algoritmuose:

Du atviro kodo metodai (kity tyréjy

3DFin — medziy kamienams aptikti nauojamas vienas
horizontalus skerspjuvis

TreeTool — medziy kamienams naudojamas pilnas
tasky debesis, filtravimas pagal vietinj kreivuma

Naujas metodas:

VEstems-det — medziy kamienams naudojamas pilnas
taSky debesis, filtravimas pagal ,vokseliy entropijg”

Uy

= Voxel Entropy Applications for Individual Tree
Detection in High-definition Forest Point Clouds °\

Kasparas KARLAUSKAS?, Povilas TREIGYS?!

LInstitute of Data Science and Digital Technologies, Vilnius University, Vilnius, Lithuania.

Abstract

High-definition 3D point clouds have enabled detailed analysis of forest arcas via classical und
leaming-based algorithms. Individual Tree Detection, the task ul'hn:llng the coordinates of all
individual trees in a point cloud, is  pre-requisite for tree-level at
or tree species classification. In Tern Mobile Laser u.mm& fiarest point clouds are
captured from a low altitude below the canopy, making
providing a strong signal for detcclion. However, high-definition point ¢louds have high memory
requirements, and due 10 the surface reflectivity and local geometry differences between stems
and leaves, most laser pulse reflections and therefore most recarded points come from the
canopy layer — data that is usually not necessary for Individual Tree Detection. Voxel Entropy.
measure of point distribution homogeneity within discrete cube volumes, can be used
computionally efficient (linear time) coarse-scale discriminator between tree |.|lmp) and stem
regions. This study showeases ways 1o seamlessly integrate Vor ropy into existis
Indiyidual Tree Detecion workflows: pre-lering trivil canopy poins 10 reduce mmpmuml
foud of d-based methods optimal regions of mterest for
methads based on parrow 2-3xis eraps of the original forest paint cloud. Finally, a competitive
stand-alone method using Voxel Entropy as the only geometric feature for Individual Tree
Detection is present

Voxel Entropy

Noxel Entropy{1] is a measure of point distribution homogeneity within discrete cube volummes,
voxels, and can be wsed as o computationally efficient (lincar time) coarse-scale discriminator
between troe canopy and stem regions. Given Shannon entropy:

(6]

Voxel Entropy is computed by splitting each voxel into sub-voxels, and defining p(x) as the
probability for a randemly sampled point to be inside the subvoxel.

. ase o
a1 .06 a0s

e v v
an o0 ass

Figure 1: Voxel Entropy computation with  Figure 2: Voxel Entropy in a sparse cluster
1-meter voxels and a horizontal 3 x 3 split.  of trees. Darker points have lower entropy.
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whee |-] denotes the number of elements in a set. When used as a point-wise feature, every point

inside Vi, has the same value of Voxel Entropy H(V ). An application of point-wise Voxel
Entropy for Individual Tree Detection is as ollows:

Compute Voxel Entropy (VE) with 1 m voxels und 4 horizontal 3 x 3 split;

Remove points with VE < 0.5;

Identify initial elusters with Connected Component Segmentation as in [5]
Post-process elusters — reject non-clongated clusters via standard deviation [S], merge
clusters close on the XY-plane, remove shorter clusters eloser than 0,5 m:

Data

=W

The ForestSemantic| 3] dataset consists of three forest point clouds of increasing s
complexity (undergrowth density, ocelusions, ete.) including locations and heights of every tree.

Plot 1

Figure 3: The ForestSemantic dataset, Points are colored by distance to the camera,

ms of individual trees well-defined,

Key Results

Three relevant applications of Voxel Entropy (VE) in Individual Tree Detection were
implemented and validated

1. VE can be used to determine the optimal height band for stem detection — the algorithim
3DFin (2] fails for the difficult Plot_S with the default valuc. while detecting some trees with
the automsically desermined value.

VE can be used to precmptively remove a large part of foliage points, leading to sped up

for algorithms processing the catirc point
cloud ~ TreeTool [4] total runtimes were decreased: from 20 % in Plot_5 up to 34 % in
Plot 3.

VE can be used as o stand-alone feature for Individual Tree Detection - preliminary
experiments show performance comparable fo other open-source algorithms

“Table 1: Individual Tree Detection evaluation results.

Plol___ Mathod P FP FN__ prec  rec T 0]
Piot 1 3DFin 48 2T 3 069 0941  0.800 148
3DFin+VE a4 8 7 0846 0863 0854 138
TreeTool 44 5 7 0863 0. 0
TreeTool+VE 44 4 7 0817 0863 0889 50
VE a4 19 70898 0863 072 16
Plot3  3DFin 54 1 B3 0831 0394 0535 188
3IDFin+VE 86 1 51 0989 0628 0.768 120
TreeTool 80 4 57 0964 0584 072 105
TreeTool+VE 74 3 63 0961 0540  0.692 (1]
VE 85 17 520833 0620 0711 22
Plot 5 3DFin 0 0 116 0000 0000 0.000
IDFIn+VE 12 6 104 0667 0103 0179 133
TreeTool a3 1 82 0971 0293 0450 5
TreeToal+VE 30 1 8 0968 0256 0408 60
VE 28 2 88 0560 0241 0337 18

Bold — best result for the plot; Bofd lalic — sccond best result for the plot

The stand-alone algorithm has recall compatable (o the baseling algorithms, however its
precision falls short. The current pos basic version of the aspect-ratio based
filtering from Zhang ct al. [5] with additional proximity merging and non-maximum suppression.
Compared to the baseline approaches, there is still a lot of time budget for more stringent cluster
post-processing - the stand-alone VE algorithm is still over three times fuster than the fastest
baseline run. Future work will foeus on improving both preeision and recall for the stand-slone
algorithm
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3DFin + VE — skerspjlvis pasitlomas
automatiskai, pagal vidutinés entropijos
minimuma (|eskomas praretéjimas tarp
Zemos augmenijos ir lajos)

R_e_ZL_lltataS: aUtomat!Skal nUSta}ytaS Figure 3: The ForestSemantic dataset. Points are colored by distance to the camera.
pjuvis efektyvus aptinkant aukstus
medzius Table 1: Individual Tree Detection evaluation results.
Plot Method TP FP FN prec rec f1 tls]
Plot_1 in 48 21 3 0.000 0.941  0.300 )
- o . 3DFin+VE 44 8 70846 0.863 0854 138
TreeTool + VE — iSankstinis filtravimas TreeTool 24 5 7 0898 0.863 0.380 70
pasalinant didelés entropijos regionus, \T/'EeeT°°'+VE jj 13 ; gggg g-ggj gg‘;g gg
’t(a“dkSkaICIIl(JOt'l V|et|{11 kr'eilyuma tik tiems Plot 3 EDH,, 7 T 00T 00 0 T 13
askams, Kuriems 1o reikia 3DFin+VE 86 1 51 0.989 0.628 0.768 120
ree 100 80 3 57 0.964 00584 0.727 1
Rezultatas: skaiciavimai > 20 % TreeTool+VE 74 3 63 0961 0540 0692 69
» o . VE 85 17 52 0833  0.620 0.711 22
trumpesni, bet sudéetingesnems Plot 5 [3DFin 0 0 116 0000 0.000  0.000 0
scenoms rezultatas visada nezymiai 3DFin+VE ! 6 __104__o6er 0103 0179 1.;3]
H i o i ree lool 4 1 971 0.293 0.450
prastesnis (ir precision, ir recall) TreeTool+VE 30 1 86  0.968 0.259  0.408 60
VE 28 22 88 0560 0241  0.337 18

Bold — best result for the plot: Bold italic — second best result for the plot
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3DFin + VE — skerspjlvis pasitlomas
automatiskai, pagal vidutinés entropijos
minimumg (ieSkomas praretéjimas tarp
Zemos augmenijos ir lajos)

Rezultatas: automatiskai nustatytas

pjuvis efektyvus aptinkant aukstus
medzius

Table 1: Individual Tree Detection evaluation results.

Figure 3: The ForestSemantic dataset. Points are colored by distance to the camera.

Plot Method TP FP FN prec rec f1 t[s]
Plot.1__ 3DFin 48 21 3 0696 0941  0.800 148
- — : Fin+V 44 8 70846 0863 0854

TreeTool + VE — iSankstinis filtravimas TreeTool 44 5 7 0898 0.863 0880 ’%l
&ali ' : i ' TreeTool+VE 44 4 7 0917 0.863 _ 0.889 50
pasa"”?[‘.t d'(.jel.es. e.ntrolpljos regionus, VE 44 19 7 0.698 0.863 0.112 16
kad skaiciuoti Vletln! krelvuma tik tiems Plot 3 3DFin 54 11 83 0831 0.394 0.535 188
taSkams, kuriems to reikia 3DFin+VE 86 1 51 0.989  0.628  0.768 120
TreeTool 80 3 57 0.964 0584 0.727 105

Rezultatas: skaiciavimai > 20 % TreeTool+VE 74 3 63 0961 _ 0.540 _ 0.692 69
- o . VE 85 17 52 0.833 _ 0.620 _ 0.711 22
trumpesni, bet sudéetingesnems Plot 5 3DFin 0 0 116 0000 0.000 _ 0.000 0
scenoms rezultatas visada nezymiai 3DFin+VE 12 6 104 0667 0103 0179 133
‘e (i o - TreeTool 34 1 82 0.971 0293 0.450 75
prastesnis (ir precision, ir recall) TresTool+VE 30 | 86 0968 0259  0.408 60
VE 28 22 88 0.560  0.241 _ 0.337 18

Bold — best result for the plot: Bold italic — second best result for the plot



Konferencijos
ISRS2026 pranesimas

VEstems-det (plakate VE) turi palyginmg
arba net geresnj recall, taCiau yra daug
daugiau klaidingai aptikty kamieny
(Zzemesnis precision)

Galbat jdomu, bet neZinojau kiek verta
rimtesnio Zurnalo déemesio...

Kaip pagerinti medziy aptikimo tikslumag
nepaaukojant Sio metodo pagrindinés
patrauklios savybés — skaiCiavimy

greicio?

Table 1: Individual Tree Detection evaluation results.

Vilniaus

universitetas

Figure 3: The ForestSemantic dataset. Points are colored by distance to the camera.

Plot Method TP FP FN prec rec f1 tls]

Plot_.1 3DFin 48 21 3 0.696 0.941 0.800 148
3DFin+VE 44 8 7 0.846 0.863 0.854 138
TreeTool 44 5 7 0.898 0.863 0.880 70
TreeTool+VE 44 4 7 0.917 0.863 0.8_89 50
VE 44 19 7 0.698 0.863 0.772 %l

Plot_3 in 54 11 83 0.831  0.394 0.3 1
3DFin+VE 86 1 51 0.989 0.628 0.768 120
TreeTool 80 3 57 0.964 0.584 0.727 105

ol+VE 74 3 63 0961 0540 0692

v 85 17 i

Plot. 5 3DFin 0 0 116 0.000 0.000 0.000 0
3DFin+VE 12 6 104 0.667 0.103 0.179 133
TreeTool 34 1 82 0.971 0.293 0.450 15
TreaTogliVE 20 1 86 0968 0259 0408
VE 28 22 88 0.560 0.241 0.337 ?g.l

Bold — best result for the plot: Bold italic — second best result for the plot
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ROBPCA pagreitinimas naudojant
VOkselius SuUu SVOriaiS 1. Outlier score (project-pursuit)

D Project every point to random line L € L

Dél gretimos augmenijos ir Saky jtakos, @ Sort by projected coordinate x; ; _
kartais kamieno viduryje atsiranda didelés ® Find a subset of consecutive points with
entropijos regiony, taigi po filtravimo kamienai the lowest variance o; (corresponding
turi tarpus viduryje. mean is ;)

@ After repeating 1-3 foreachl € L

Praeitg semestrg méginau atgauti klaidingai Every point’s outlier score is

atmestus kamieny taskus tinkindamas

. .. S 0; = max [x;; — /oy
cilindro asj su ROBPCA (ROBust Principal 5 Fit axis (rob ! ¢ loast tri d
Component Analysis) metodu. . Fitaxis (ro ust least trimme squares)

@ Sort outlier scores

Problema: skai€¢iuojant outlier score ir @ Take a portion of points in order of
imant taskus cilindro asies tinkinimui, increasing outlier score
reikia daug karty projektuoti ir rasiuoti @ Use PCA to find the cylinder’s axis
kiekvieng taska direction

ROBPCA algoritmas nustatyti cilindro asies kryptj
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ROBPCA pagreitinimas naudojant
VOkselius SuUu Svoriais 1. Outlier score (project-pursuit)

D Project every point to random line L € L

Sis algoritmas gali bati Zenkliai pagreitinamas @ Sort by projected coordinate x;;

apribojant jo erdving skyra, dirbant su vokseliais @ Find a subset of consecutive points with

ir tasky kiekiais: the lowest variance o; (corresponding
mean is ;)

1. Atsitiktinés kryptys L parenkamos ne su @ After repc_aat’mg 173 for eagh Lel
atsitiktinémis tasky poromis, bet su Every point's outlier score is
atsitiktiniais vokseliais, kuriy itraukimo 0; = max |x;; — wl/oy
tikimybe proporcinga jy tasky kiekiui 2. Fit axis (robust least trimmed squares)

2. Visi taskiai tame pacdiame vokselyje (M Sort outlier scores

projektuojami vienu veiksmu naudojant
bendrg koordinate

3. Kovariacijos matrica skaiCiuojama pagal
vokselius, su svoriais lygiais jy vidaus tasky
Kiekiui

@ Take a portion of points in order of
increasing outlier score

@ Use PCA to find the cylinder’s axis
direction

ROBPCA algoritmas nustatyti cilindro asies kryptj
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vokselius su svoriais

Start voxel entropy calculation for 76928087 points
Finish voxel entropy calculation, took 4.47181 s
_ Start filtering point cloud to values below voxel entropy threshold 0.5
Pries Finish filtering, took 0.295381 s and reduced point count 76928087 -> 19006992
Start union find clustering
Finish clustering, took 10.2533 s and found 95950 connected components
Start cluster postprocessing
Finish cluster postprocessing, took 0.867675 s and finalized 96 connected components
Start fittina cvlinders
Finish fitting cylinders, took 10.4466
Start reclaiming points
Finish reclaiming points, took 3.04009

. Start voxel entropy calculation for 76928087 points

Po — beveik 10 Finish voxel entropy calculation, took 4.49995 s

kartq grei(‘jiau! Start filtering point cloud to values below voxel entropy threshold 0.5
Finish filtering, took 0.297176 s and reduced point count 76928087 -> 19006992
Start union find clustering
Finish clustering, took 10.8743 s and found 95950 connected components
Start cluster postprocessing
Finish cluster postprocessing, took 0.887739 s and finalized 96 connected components
Start fittina cvlinders
Finish fitting cylinders, took 1.31005
Start reclaiming points
Finish reclaiming points, took 3.03855




ROBPCA pagreitinimas naudojant

vokselius su svoriais

Melyni taskai —
filtravimo metu
atmesti, bet cilindro
asies tinkinimu
sugrazinti taskai
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Paskutinis metodo patobulinimas ...

PrieS atmetant aukstos (virS duotos
slenkstinés vertes) entropijos regionus,
patikrinti ar jie néera tarp dviejy vienodo ar
didesnio ilgio zemos entropijos regiony.

ISsaugomas kamieny testinumas be
papildomy skaic¢iavimy, taCiau
neatgaunami taskai virs ir po aptiktais
taskais (prieSingai negu cilindro tinkinimo
metodu)

Preliminarts skaiCiavimai rodo, jog TreeTool
+ VE su nauju filtravimo metodu kartais
aplenkia parastg TreeTool precision arba
recall (t.y. sunku i§ anksto nuspéti kuris
metodas duos geresnj rezultatg, tacCiau
galima nuspéti, kuris greitesnis).

Visada
palikti

palikti

Visada
palikti

atmesti
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;
¢
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Kito pusmecio darbo planas

1. Atlikti papildomg tyrimg ir paruosti abstraktg bei pranesimag
konferencijai International Symposium of Remote Sensing
2027 (abstraktai pateikiami iki 2027 vasario 28 d.);

2. Pabaigti ruosti publikacijg galutiniam kamieny aptikimo
metodui, pateikti WoS indeksuotam zurnalui;

3. Atlikti masininio mokymosi eksperimentg medziy lokacijy
nustatymui.



