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FEATURES OF INVENTORY OF GREEN PLANTINGS BY AUTOMATED
TERRESTRIAL LASER SCANNING METHODS

The aim of this work is to investigate the process of obtaining necessary information about the metric parameters of
small-area arrays, linearly arranged and individual green plantings on predominantly urbanized territories, and to apply
the results of data processing in the compilation of topographic and special maps from the corresponding scanning
materials. Methodology. For this purpose, terrestrial laser scanning methods, dynamic laser scanning as a data source for
tree-level mapping of the territory, and as an information base for filling in the respective cadastres are subject to
research. The possibilities of using data from these methods to obtain information about green plantings using modern
software tools have been explored. Based on terrestrial laser scanning data performed in accordance with the
requirements of regulatory spatial reference documents, data processing of terrestrial laser scanning was carried out
using automated methods, namely the Terrasolid software suite. The need for more than 40% coverage of the tree trunk
with a point cloud obtained from laser scanning to eliminate possible errors in determining the relevant parameters due
to the heterogeneity of the structure of different tree trunks has been confirmed. Preliminary processing of scanning
materials was carried out using FARO Scene 2020 software. Scientific novelty and practical significance. An experiment
was conducted to analyze the creation of both a plan-altitude and an information base regarding green plantings on
selected objects within the Zakarpattia region. The process of collecting data on green plantings was improved by using
terrestrial laser scanning and partial GNSS measurements, instead of traditional topographic-geodetic methods. A table
containing information on green planting data has been created for the studied objects' territory. Automated methods
were used to gather this information, including details about their location in the adopted coordinate system and the
trunk diameter at a height of 1.3 meters.

Key words: terrestrial laser scanning; automated methods; tree trunk; diameter; digital surface models; inventory of
green plantings.

Introduction their maintenance status; determining the overall and
individual plot values.

Requirements for the technology of measuring
green plantings in Ukraine are currently not regu-
lated, except for the requirements provided by the
"Instruction on Topographic Surveying at Scales
1:5000, 1:2000, 1:1000, and 1:500" [Verkhovna
Rada of Ukraine, 1998].

Research on the use of data related to green plant
inventory, as well as the maintenance of different
cadastres, has been conducted using various tech-
nologies. They include digital aerial photography,

| i ; static and dynamic terrestrial laser scanning, terres-
the "Instruction on the Technical Inventory of Green {1451 photogrammetry, fisheye effect photogram-

Plantings" [Verkhovna Rada of Ukraine, 2001] in ety (FEP) through specialized cameras, virtual
cities and urban-type settlements of Ukraine every reality devices (MRDC) [Fol et al, 2023], high-
five years from April to October. It includes: deter- speed personal laser scanning (PLS), and simultane-
mining the total area occupied by green infrastruc-  ous localization and mapping technology (SLAM)
ture objects, including trees, shrubs, flower beds, [Tockner et al., 2022]. Additionally, consumer cam-
lawns, paths, etc.; determining the number of trees  eras and smartphones with specialized apps have
and shrubs by types of plantings, species, age, di- also been utilized for this purpose [Gollob et al.,
ameter at a height of 1.3 meters of tree trunks, and ~ 2021].

Information about green infrastructure objects is
one of the components of the life of territories, espe-
cially urbanized areas. Inventory materials of green
plantings are integral to maintaining various cadas-
tres, including components of large-scale topog-
raphic surveys. Classical inventory of green plant-
ings requires a significant amount of time, and in
some cases, this process can be expensive or impre-
cise compared to modern methods of populating
various cadastres.

Inventory of green plantings conducted following
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In the modern world, various types of scanning
are used for not only modeling and preserving data
about important historical and architectural objects
but also as a means of obtaining information about
the surrounding environment, as a source of remote
sensing data (RS).

Point clouds are quite an effective tool for inven-
tory as they allow for the rapid and accurate creation
of a 3D model of an object. They enable tasks such
as measuring the height and volume of the object
and obtaining precise coordinates of its elements.
Moreover, the use of point clouds eliminates the
possibility of gross errors that can occur during
manual measurements.

Point clouds obtained from terrestrial laser scan-
ning can be used to create accurate 3D models of the
trunks of green plantings. This allows for the deter-
mination of the diameter, height, and shape of trunks
with an accuracy of a few millimeters.

Additionally, point clouds can be used to deter-
mine the density and placement of green plantings
on the terrain, enabling the monitoring of changes in
vegetation cover over time.

The application of automated technologies in the
inventory of green plantings has been extensively
researched over the past decade. There is a wide
range of studies on the automation of these processes
worldwide, some of which are discussed in works by
[Kalvoda et al., 2020; Kuzelka et al., 2021; et al.,
2020; Wang et al., 2019; Tockner et al., 2022;
Witzmann et al., 2022]. In Ukraine, this issue has
also been addressed, including the development of
conceptual principles for automating the monitoring
of urban green plantings [Yalova, 2019]. In the work
[Rohovskyi, 2021] highlights the issue of the quality
of the inventory of green spaces in Ukraine

Research has been conducted on the optimiza-
tion of terrestial laser scanning for inventorying
green spaces [Abegg et al., 2017; Vash et al. 2022].

Some of the already published solutions for
green planting inventory involve the development of
software that utilizes data from various remote sens-
ing methods, including the use of artificial intelli-
gence. Some of these solutions have been success-
fully tested in large-scale green planting inventory,
such as the MTLS-AIDFOREST method [Serrano et
al., 2022]. This software is capable of autonomously
determining the characteristics of forest plantings in
real-time using a mobile laser scanning system based
on virtual reality helmet technology [Li et al., 2023].

The methods and software mentioned above are
not exhaustive. Most modern geoinformation re-

sources, with the right settings, allow for the automa-
tion of certain processes when identifying green
plantings. For instance, works by [Ritter et al., 2017;
Tockner et al.,, 2022] have utilized R software for
research purposes.

In a usage study [Wilkes et al., 2022], trees were
segmented with a match factor of 82%.

According to the work [Liang et al, 2018]? TLS-
based approaches can provide estimates of DBH and
stem curves with an accuracy of 1-2 ¢m, which is
close to what is required in practical applications
such as inventory. Five directly measured criteria
from plot- and tree-level TLS data were also identi-
fied. They include diameter at breast height (1.3 m,
DBH), tree height, tree position, trunk curve (trunk
diameter as a function of height), and a digital terrain
model. (DTM).

According to the work [Trochta et al, 2017], the
LSR method provided slightly higher values than
measurements with a conventional caliper — 1.17 cm.

In pilot studies [Maas et al, 2008], more than
97% of trees were detected correctly, and DBH
could be determined with an accuracy of about 1.8
cm.

The work [Liang et al, 2016] structured the rela-
tionship between the average scanning distance, the
stem density and the errors of estimating the height
at chest level, which ranged from 0.2 ¢cm to 7.6 cm
with different approaches and the estimated errors
from 0.1 to 1 .5 meters when determining heights.

Objective

This work aims to investigate automated meth-
ods for obtaining necessary information about the
location of trees and the diameter of their trunks at
breast height when conducting an inventory of green
plantings using terrestrial laser scanning of the terri-
tory and comparing them with analog methods.

Research Methodology

According to [Semko, 2015], for the stated ob-
jectives, the TerraScan software from the Finnish
company Terrasolid can be used, along with specific
functionalities within ArcGIS. According to the
"TerraScan User Guide," aerial and mobile data can
be used to establish a foundation for tree inventory,
providing XYZ coordinates as well as information
about trunk width and height through a fully auto-
mated process. By utilizing additional sensor data,
even more information can be obtained.

The scheme of the study is shown in Fig. 1.
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Fig. 1. Structural block diagram of the study

When using terrestrial laser scanning devices
such as FARO FOCUS S150, to conduct an inven-
tory of green plantings as suggested by [Vash et al.,
2022], one of the main challenges is the limited ac-
curacy in scanning vegetation, especially tree
branches and leaves.This limitation can lead to inac-
curacies in determining their quantity and volume.
Furthermore, the scanning process can be compli-
cated by the presence of other objects, such as build-
ings, vehicles, people, etc., which can impact the
accuracy and completeness of the acquired data.
Additional measurements may also be required to
determine other tree parameters, such as wood vol-
ume.

Research Findings

Data collection and processing.

In the first stage, we collected and analyzed data
from terrestrial laser scanning and GNSS measure-
ments were. GNSS observation was conducted for
high-quality geospatial reference of ground laser
scanning materials.

Terrestrial laser scanning materials were initially
analyzed using FARO Scene 2020 software. Point
clouds were processed following the principles and
schemes given in the work [Stoli, 2014]. In the fu-
ture, point clouds at all stages of the study will be
processed in the .las format.

To classify data from the selected laser scanning
object, T. Masaryk Square in Uzhhorod [Vash,
2022], TerraScan software from the Finnish com-
pany Terrasolid was utilized according to recom-
mendations [Semko, 2015], using the license of
UZHNU with available modules TerraMatch UAV,
TerraModeler UAV, TerraScan UAV.

Work with FARO Scene 2020 software and Ter-
raMatch UAV, TerraModeler UAV, and TerraScan
UAV was performed based on the licensee -
UZHNU.

The data classification process in this software
offers a wide range of data filtering settings, with
key settings consolidated in the "Wizard" section,
which are used to create typical projects from envi-
ronmental datasets.

In particular, this section includes the "Classify
ground" function, from which, following [Semko,
2015], data classification can begin to identify points
belonging to the ground class (Ground).

Grouped data from the classes "High vegetation"
and "Tree," which can be used for further research,
are illustrated in Fig. 2.

The processing of terrestrial laser data com-
menced with the point cloud filtering. This included
the removal of overlapping surface portions in the
point cloud, smoothing, noise reduction, and the
elimination of distant, isolated, and erroneous points
located either in the air or below the ground surface.
These functions were executed with customized
settings to obtain the most accurate and reliable data
for subsequent classification. The resulting data,
with the point cloud normalized, is presented in Ta-
ble 1.

In the following steps, for convenience, two
classes were retained: "Ground" and "Tree." Data
from the "High vegetation" class were transferred to
the "Tree" class (see Fig. 3). After normalizing the
point cloud, the filtering of the "Tree" class was
conducted at a height of 1.3 meters above the ground
surface in several stages.
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Fig. 2. Grouped data of the obtained classes High Vegetation and Tree

Table 1
Bringing the point cloud to a normalized state
Object class nggilfé of Min. Z Max. Z
All points 15798215 | 116.38 161.96
Ground 265 467 116.38 118.14
Low vegetation | 8 628237 | 116.42 138.44
Medium vegeta- | 45975 | 11686 | 119.92
tion
High vegetation | 1921028 | 116.91 146.25
Building roof 475 120.19 121.11
Object class nggilfé of Min. Z Max. Z
Low point 7 135.98 161.96
Vegetation 439 942 116.84 141.44
Tree 2446466 | 116.94 141.2
Car 42369 117.03 119.6
Pole 1249 120.18 134.32

The first step involved isolating and extracting
points located at a height of 129 to 131 cm above the
ground, following the recommendations outlined in
the work by [Semko, 2015]. These points were then
organized into sets of point clouds for further proc-
essing in the form of individual cross-sections of tree
trunks (see Fig. 4). The obtained data allowed for the
manual determination of the key parameters sought.

Obtaining information about green spaces.

The further analysis included the construction of
tree trunk circles around the data. Implementing this
process manually can be time-consuming. Therefore,
for determining tree diameters, algorithms for circle
approximation were utilized in an arithmetic manner,
following the approach suggested by [Strzelinski,
2008].

To implement this method, modeling tools like
"Cell" in the Terrasolid software were employed.
Additionally, the "Minimum Bounding Geometry"
tool in ArcGIS software was used for comparison.

As we can observe from Fig. 5, to obtain high-
quality data, it is necessary to filter the point cloud
not only at a height of 1.3 meters but also at other
heights. The process for identifying trees is similar to
the work presented by [Serrano et al., 2022]. The
current version of the AID-FOREST software is
optimized for estimating the total volume of individ-
ual tree trunks (single-trunk branching) but not for
multiple trunks or branches (multi-trunk branching).

According to the [TerraScan User Guide], the
modeling of the positioning of green plantings was
carried out using available typical models such as
Betula pendula and Picea abies for the stem identifica-
tion method (see Fig. 6). This approach was adopted
because the highest point identification method,
which is more suitable for green planting identifica-
tion when using point clouds from airborne lidar data,
tends to produce too many erroneous values.
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As a result of the processing, data was ob- trunk, its height and the diameter of the trunk at a
tained indicating the coordinates of the tree height of 1.3 meters.

Figs. 3, 4. The obtained results of the point cloud after its classification

Fig. 5. Filtering of the point cloud with defined cross-sections

Fig. 6. Graphical representation of the object modeling process in TerraScan software
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Fig. 7. Materials of the inventory of green spaces in T. Masaryk Park in Uzhhorod

Data comparison. The obtained data table with co-
ordinates of tree trunks, their height, and trunk di-
ameter at a height of 1.3 meters was then compared
with the materials from the traditional greenery in-
ventory [Vash, 2022], as shown in Fig.7.

The difference in trunk diameter at a height of 1.3
meters ranges from -2.3 ¢m to 3.4 cm_with a corre-
lation coefficient of 96%, confirming the results
[Liang et al, 2016; Trochta et al, 2017; Liang et
al., 2018; Wilkes et al., 2022].

Scientific novelty
and practical significance

The scientific novelty of this research lies in the
possibility of creating a plan-height basis and an
information database regarding green plantings on
selected objects in the territory of the Zakarpattia
region.

The study has improved the technology for ob-
taining data on green plantings without relying on
classical topographic and geodetic methods, by util-
izing terrestrial laser scanning and partial GNSS
measurements.

The practical significance of the obtained results
is the demonstration of the feasibility of using auto-
mated technologies for acquiring data about green
plantings and their subsequent application in creating
(updating) planimetric and cartographic materials
and maintaining sectoral cadastres, including urban
planning [Verkhovna Rada of Ukraine, 2011].

Conclusions

Accurate tree segmentation is considered an
important functionality of automated 3D point cloud
analysis and serves as a prerequisite for measuring
the characteristics of individual trees.

Based on geospatial referenced data, automated
Terrasolid processing was done on laser scanning
data acquired according to regulatory requirements.

As a result, on the territory of the research ob-
ject, a data table of green plants was created using
automated methods with information about their
location in the accepted coordinate system and the
diameter of the trunk at a height of 1.3 meters.

The data collected was compared to the inven-
tory records of green spaces in T. Masaryk Square in
Uzhhorod. It was determined that there is a need to
verify the data obtained by automated methods, es-
pecially when there are multi-stem branches present..

The study confirmed that to avoid errors in de-
termining relevant indicators due to the heterogene-
ous structure of different tree trunks, it is necessary
to have more than 40% coverage of the tree trunk
with a cloud of points obtained from laser scan-
ning.Some software solutions continue to improve
their automated methods for obtaining information
about green spaces from point clouds.

It is worth noting that efforts are being made to
enhance the automation of acquiring precise and
reliable information from terrestrial laser scanning
materials. To achieve this, modern tools and tech-
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niques are utilized to collect and process data, espe-
cially with regards to obtaining information on the
type and condition of plantations. Further research is
required for determining the centers of trees when
there is incomplete cloud coverage of points on the
lower part of the tree trunk and at chest level. This is
particularly important in cases where the trunk
branches into two or more trunks at chest level.
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OCOBJIMBOCTI IHBEHTAPU3ALIIT 3EJIEHUX HACAJI)XKEHb ABTOMATU30BAHUMU METOJIAMU
HA3ZEMHOI'O JIASEPHOI'O CKAHYBAHHAA

Mera wi€i poOOTH — IOCIHI/DKEHHS Ipolecy OTPHUMaHHS HeoOXiaHOi iH(popMamii Mpo METPHYHI ITOKA3HHKU
HEBEJIMKUX 3a IUIONICI0 MACHBIB, JIIHIMHO PpO3TAlIOBAHMX Ta IIOOJUHOKUX 3€IEHHX HACa/VKEHb Ha IEPEBAKHO
ypOaHi30BaHUX TEPUTOPISX Ta 3aCTOCYBaHHS PE3YNbTATIB OMPAILIOBAHHS JAaHWX IpPU CKJaJaHHI TormorpadiuHux Ta
CHeliaJbHUX KapT 3 BIJMOBIJHAX MaTepiajiB CKaHyBaHHS TepuTopii. MeTomuka. 3 I[i€f0 METOI JIOCIiHKEHHIO
M UIATal0Th METO/IN Ha3EMHOTO JIA3EPHOTO CKaHYBaHHS, AWHAMIYHOTO JIA3€PHOTO CKaHYBaHHS SIK JDKEPEO NaHWX JUis
MofIepeBHOI 3MWOMKHM Tepuropii Ta sk iH(opMaliiiHa 0a3a Uil HANOBHEHHS BIQIOBITHMX KanmactpiB. JlociimkeHo
MOYKITMBOCTI BHKOPHUCTAHHS TAHMX METOMIB JUIS OTPUMAHHS iH(pOpPMAIl PO 3eleHi HACAUKCHHS 3 BHKOPHCTAHHSIM
CyJacHUX MNpOrpaMHHX 3aco0iB. Ha OCHOBI NaHMX Ha3eMHOI'O JIa3epHOI0 CKAaHYBAaHHS, BUKOHAHOTO BiIIOBIIHO 1O
BUMOI HOPMATHBHHX JOKYMEHTIB 3 TEOMPOCTOPOBOIO MPHB’I3KOK0, TPOBEACHO OMpAIOBAHHSA JaHMX HA3EMHOTO
JIa3epHOT0 CKAHYBAaHHS 3 BUKOPUCTaHHSIM aBTOMAaTH30BAaHMX METOJMIB a came IporpaMHoro komiiekcy Terrasolid.
[linTBep/rKEeHO HEOOXIiTHICTh HAsABHOCTI Oumbiie 40% IOKPUTTA CTOBOypa JepeBa XMapoOK TOUOK, OTPUMAHOK 3
JIa3epHOTO CKaHYBaHHS JUIS YCYHEHHS MOXIIMBHX TIOMHIJIOK MPH BHU3HAYCHHI BiMIOBIHUX MOKAa3HHUKIB Yy 3B’SI3KY 3
HeoIHOpiAHICTIO OymoBU pi3HHX cTOBOYpiB aepeB. IlomepenHe ompallfoBaHHS MarepiajiiB CKaHyBaHHS BHKOHAHO 3a
JIONIOMOTot0 TiporpamHoro 3ade3nedeHHs FARO Scene 2020. HaykoBa HOBU3HA Ta NpaKTUYHA 3HAYYIIiCTh. [IpoBeneHo
eKCIIepUMEHTAJIbHUI aHali3 CTBOPEHHS TIaHOBO-BUCOTHOI OCHOBH Ta iH(opMariiiHoi 0a3u 1mpo 3ej1eH] HacapKeHHs Ha
00paHuX 00’€KTaX Ha TEPUTOPil 3aKapmaTchKoi 00NAcTi. YIOCKOHAJICHO TEXHOJIOTIF0 OTPHMAaHHS JaHHWX IPO 3eJeHI
Haca/DKeHHsl, 0e3 BUKOPUCTaHHS KJIACHYHUX METOJIB Tororpado-reofe3nyHux poOiT, i3 3aCTOCYBaHHSM HAa3eMHOTO
JIa3epHOr0 CKaHyBaHHs Ta 4acTkoBo GNSS BumiproBaHb. B pesynmbTaTi Ha TepuTopii AOCHIIPKYBaHMX OO €KTIB
aBTOMAaTH30BaHUMH METOJIAMHU CTBOPEHO TAONHINIO TAHUX 3€JICHUX Haca/PKeHb 3 IHPOPMALI€I0 TIPO X PO3TAIIyBaHHS y
NPUHHATIH CHCTEMI KOOpAMHAT Ta AlaMeTpoM cToBOypa Ha BUcoTi 1.3 metpa.

Knmiouosi cnosa: HazeMHe JazepHe CKaHYBaHHS; aBTOMAaTH30BaHI METOJM; CTOBOYp JepeBa; aiamMeTp; IudpoBi
MOJIEJTi TIOBEPXHi; IHBEHTAPHU3AIIis 3€JICHUX HACAIXKCHb.
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