Application of 3D terrestrial laser scanning for measurements of
buildings, situated in area, covered with bushes — technical difficulties,
solutions and implementation

Gintcho Petkov KOSTOYV, Bulgaria

Key words:3D terrestrial laser scanning, measurements, solutions, processing

SUMMARY

3D terrestrial laser scanning and its possibilities in data processing offer a number of
various available solutions for each specific case in the geodetic practice when measurements
are required. The aim of this case study is to give details about:

-the activities in the field, which were done for performing of geodetic measurements
for buildings, situated in area, covered with bushes;

-the technical difficulties, which were met and the relevant solutions;

-the way of processing the raw data.

3D terrestrial laser scanning was chosen as a technology for performing of geodetic
measurements due to the following main reasons:

-the time span for performing of the measurements could be chosen and set in the
scanner;

-the object /buildings/ consists of a number of edges (detailed points) to be measured;

-the elimination of human-based errors;

-the possibility to obtain significant accuracy in the point determination in a reasonable
time in the field;

-available photorealistic information in the data.

The paper studies the decisions, taken in the field in order to be created one point cloud
of the object, taking in mind the specific terrain conditions. In this case study was described in
details the procedure for creation of georeferenced point cloud, according to the existence of
bushes.

Assessment of the accuracy of the geodetic measurements was done. Screenshots with
the information, which describe the performed way of field work and data processing results
are also given.

Conclusions and recommendations for future work are included in the paper.
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ABCTPAKT

3D Ha3eMHOTO J1a3ePHO CKAaHMPaHE W HErOBUTE Bb3MOXXHOCTH NP 00OpaboTKaTa Ha
CYpOBUTE [IAHHU TpejjiaraT OrpOMeH Habop OT Bb3MOXKHU PeIleHHs TIPU BCEKH CIielfudruueH
Clyyali B Treoje3WuecKkara TpaKTHKa KOTraTo ca HeoOXoauMu wu3MepBaHus. Llenta Ha
HACTOSIIIIOTO M3C/ie/[BaHe e a Ob/le afieHa JeTaiiiHa MHpOpMaIys 3a:

-IEMHOCTUTE Ha T0JIeTO, KOMTO Osixa U3BBPIIEHH C 1[eJ1 TIPOBeXK/JaHe Ha reo/ie3ruuecku
W3MepBaHUs 3a CIPajiv, Pa3IioyioykKeH! B palioH, MOKPUT C XPAaCTOBHIHA PACTHUTETHOCT;

-TeXHUUECKUTE 3aTPYJHEHUs], KOUTO Osixa CpeIHaTH 10 BPeMe Ha Teofie3UdYecKUTe
JEMHOCTH U CbOTBETHUTE PEIIeHUsT;

-HauMHa Ha 06paboTKa Ha CypOBHUTe JJaHHH.

HaszeMHOTO n1a3epHO cKaHupaHe Oellle M30paHO KaTro TEXHOJIOTHS 3a M3BbpILIBaHe Ha
reo/ie3nyeCcky M3MepBaHusi Opaju C/eJHUTe OCHOBHU MPUUMHU:

-TIPOJB/DKUTETHOCTTa Ha H3MepBaHMsATAa MOXe Ja Obje n30bpaHa M HacTpoeHa B
WHCTPYMEHTa;

-obekTa /crpajute/ ce CbCTOSIT OT MHOTO UYTIKU (TePeHHU TOUKH) Ha KOHTYPUTE, KOUTO
TpsibBa fa Ob/aT U3MepeHy;

-e/TMMUHMPaHe Ha YOBEIIKUTe T'PeLIKH;

-Bb3MO)KHOCT 3a TIOCTHMIaHe Ha BHMCOKa TOUHOCT IIpU OfpefiefissHe Ha TOUKWTE OT
KOHTYypa Ha o0eKTa B pa3yMeH BpeMeBU MHTepBaJl 3a M3MepBaHHs Ha T10J1eTo;

-Ha/MuHa OTO peanydcTUUHA UH(OpMaLUs B JAHHUTE.

To3u MaTepuas M3ydyaBa pelleHusITa, B3eTH Ha TI0JIeTO C Iie1 Ch3/iaBaHe Ha 0011 06s1ak
OT TOYKH, UMalKu TpeaBH[ CreludUUHUTEe TEPEeHHU YC/IOBUS. B KOHKDeTHHs Ciiyuail B
JleTaiiii e OmKcaHa Tpolieypara 1Mo Ch3faBaHe Ha reopedepupaH 00/aK OT TOUKH, CJie[
B3eMaHe 10/ BHUMaH/e HaJTMIMeTO Ha XPaCTH.

V3BbpIlieHa e OIleHKa Ha TOYHOCTTA Ha reofie3uecKuTe u3MepBaHusi. [laseHu ca
W3Ba/IKW OT JAHHUTE C MH(POPMaLYs, OTMCBAllja HAUYMHA Ha:

-A3BBPIIIeHaTa MoJicka paboTa;

-00paboTKara Ha reofie3uuecKrUTe U3MepBaHUs.

[TpernopbKH U TIpe/IoKeHHs 3a Ob/elna paboTa ChIIO Taka ca JafZieHH.
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Application of 3D terrestrial laser scanning for measurements of
buildings, situated in area, covered with bushes — technical difficulties,
solutions and implementation

Gintcho Petkov KOSTOYV, Bulgaria

1. INTRODUCTION

Nowadays there are a number of technical possibilities to be obtained 3D coordinates of a
terrain point. One of these is 3D terrestrial laser scanning — technology, by which could be
determined the spatial coordinates of the contours of objects, subject of measurements.
Applying this technology, it could be captured a huge amount of 3D data for the respective
object. One known advantage of laser scanning is the possibility for measurement of the
intensity of the returned in the scanner laser beam.

There are a number of literature sources on the topic for terrestrial laser scanning:

https://mycoordinates.org/terrestrial-lidar-capabilities-for-cadastral-modelling/,

http://www.diva-portal.org/smash/get/diva2:1362840/FULLTEXTO1.pdf, https://www.e3s-
conferences.org/articles/e3sconf/pdf/2020/24/e3sconf tpacee2020 07012.pdf, etc.

Due to the existence of a number of brands terrestrial laser scanners, each one having its own
technical specifications, the geodesist is the person to choose the most appropriate model for
precise completion of the task.

The object under study consists of several residential buildings, situated in area, which was
covered with bushes and grass. The application of 3D terrestrial laser scanning, instead of any
other surveying instrument was necessary and motivated by the following circumstances:
-existence of a number of edges of the buildings;

-short time available for field measurements;

-possibility to capture all cadastral information without any risk for human errors;

-created during the measurements photo realistic data.

This study aims:

-to perform contactless measurements of buildings, which were hard to access;

-to gain productivity in the field work;

-to assess and analyse the obtained quality of the conducted geodetic measurements;

-to use the created photo realistic information;

-to find solutions for the technical issues, caused by the bushes;

-to give the necessary recommendations, according to the specific geodetic activities, done in
this case.

This study was focused on high-quality outdoor terrestrial laser scanning.
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https://mycoordinates.org/terrestrial-lidar-capabilities-for-cadastral-modelling/
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/24/e3sconf_tpacee2020_07012.pdf
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/24/e3sconf_tpacee2020_07012.pdf
http://www.diva-portal.org/smash/get/diva2:1362840/FULLTEXT01.pdf

2. EXAMPLES FOR POSSIBLE APPLICATIONS OF 3D TERRESTRIAL LASER
SCANNING FOR CADASTRAL PURPOSES

A lot of possible applications of the terrestrial laser scanning in the area of surveying could be
found in various sources on the Internet:

https://eprints.usq.edu.au/31409/1/Gann N _Zhang.pdf, https://www.mdpi.com/2072-

4292/12/10/1547/pdf, https://1library.net/title/visualisation-d-cadastre-using-terrestrial-laser-
scanning, https://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XI.I1-2-

W9/663/2019/isprs-archives-XLII-2-W9-663-2019.pdf, etc.

In surveying practice exists a number of specific cases to be solved. In this paper will be
given one example for the implementation of terrestrial laser scanning for cadastral purposes,
i.e., for measurements of contours of buildings. The issue, which should be overcome in this
specific case was the existence of bushes all around the object. Also, the following key mo-
ments were taken into account in the field:

-setting the appropriate parameters in the laser scanner for outdoor scan and unstable (a bit
foggy) weather;

-the artificial targets had to be placed in a safe, clear area to avoid the obstruction and dam-
age, which might be caused by the bushes;

-choosing of appropriate places for each station of the scanner to avoid the bushes around the
contour of the object.

3. NECESSITY FOR APPLICATION OF TERRESTRIAL LASER SCANNING IN
THESE SPECIFIC TERRAIN CONDITIONS

As it was mentioned, there are a number of ways for determination of 3D coordinates of a
point from a contour of a building. The choice of the exact surveying equipment might
depend on various factors, like:

a) the terrain around the object;

b) the geometry of the object;

) requirements for amount of captured 3D information;

d) required productivity;

e) existence of other objects nearby;

f) availability of photo realistic information, etc.

In this study the decision for application of terrestrial laser scanning as part of LIDAR was
taken based mainly on the factors, given in points “b”, “c” and “f”. The technology allowed
the buildings to be “stored” in the flash card as they were on the terrain [Kostov, 2015]. The
geometry of the object was complex, with a number of terrain points, which had to be
measured in a short time span in the field. The mentioned in this chapter circumstances
imposed the usage of 3D terrestrial laser scanning for creation of the contours of the
buildings, subject of measurements.
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Also, during the field study of the object, it was decided, that for the creation of a complete
digital model, containing all required terrain points it would be necessary to be created
additional, redundant positions of the scanner due to the significant number of the edges of
the buildings.

Taking in mind these facts the application of other surveying technology would be
inappropriate and ill-founded from technical point of view.

4. PREPARATORY ACTIVITIES BEFORE SCANNING OF THE OBJECT

The buildings to be measured with terrestrial laser scanner were in rectangular shape, situated
in an area with bushes in various height. The transport access was accomplished via streets
with no durable coverage. These facts imposed detailed field recognition (before conducting
of the geodetic measurements) in order to be chosen the appropriate places for both stations of
the scanner and the artificial targets.

After completion of the field recognition a decision was taken to be used 3 “main” stations
and one “redundant”, fig. 1. The last was created for capturing of some details of the
buildings, which were hard (impossible) to access by the laser beam, due to the value of the
angle of incidence.

2

g. 1 The four stationsfl,_ used to scan the object
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In this way the following technical requirements were assured:

-the necessary short distances between the edges of the buildings and the scanner;
-value in the relevant bounds of the angle of incidence of the laser beam;

-the safety of the spheres on the ground within the bushes;

-the visibility scanner - artificial targets;

-the well-founded spatial geometry of the spheres;

-the required short distances scanner — spheres;

The relevant places of the scanner were chosen in a way, which guaranteed the direct
visibility to the edges of the contours of the buildings.

Due to the unstable and bad weather conditions — existence of small amounts of fog and water
drops in the air, the relevant settings for productive outdoor scans were set in the scanner. It
was of essence for this specific case the scan to be done as fast as possible because of the high
probability of rain.

5. 3D TERRESTRIAL LASER SCANNING OF THE BUILDINGS. TECHNICAL
DIFFICULTIES

In the process of field recognition of the buildings was created plan for performing of the
geodetic measurements. The last were done via phase 3D terrestrial laser scanner and the
relevant artificial targets — spheres.

During the field measurements were used the already chosen positions of the stations of the
scanner. The stations were chosen on suitable places, where existed visibility to the edges of
the contours of the buildings. The scanning procedure was done sequentially from station to
station until all edges of the buildings were captured.

During the field work one specific fact had to be observed — the presence of (tall) bushes all
around the buildings, fig. N 2.
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The natural bushes — in various height and density, fig. 3 were one significant technical
difficulty to be solved not only during the field work, but also in the data processing and
handling.
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Fig. 3 The spheres “hidden” in the bushes next to the buildings

The spheres had to be positioned over the stabilised control points (required for
georeferencing). It was extremely hard the artificial targets to be placed on the ground, due to
the terrain conditions - coverage of bushes and grass.

The issues, which arose in the process of conducting the terrestrial laser scanning were as
follows:

-extremely difficult positioning of the spheres on the ground,;

-safety risk for the artificial targets, due to the existence of branches;

-the visibility between the scanner and spheres was hard to be achieved;

-the spheres should be placed just next to the scanner in order to be “escaped” the obstruction,
caused by the bushes, fig. 4;

- impossibility to be ensured the visibility of the artificial target in two adjacent stations.

#

Fig. 4 The station of the scanner, the spheres next to it and the bushes — view from above

After finishing each scan no warning messages were observed. In this way it was guaranteed
the quality of the data, even in the unstable weather conditions, described in details in chapter
4.

6. CREATION OF THE POINT CLOUD. SOLUTIONS OF THE TECHNICAL ISSUES
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Due to the mentioned technical difficulties in the previous chapter the creation of the point
cloud was done in a different, time and efforts consuming way. In this specific case the
application of the spheres for their purpose, i.e. for the registration process was not possible.
No matching spheres in the adjacent scans existed. The reasons for this fact were the
obstruction, caused by the naturally existing bushes and differences in the terrain heights.

From the situation of the stations of the scanner, given on fig. 1 it could be given the
following facts:

- in the north were created two stations, not far one from another. The chosen positions of the
scanner were required due of the existence of specific form of the building to be measured;

- the southeast station of the scanner was necessary in order to overcome the existing bushes
and branches, shown on fig. 2 just next to the edges of the object;

-the south-west and north-west positions of the scanner were chosen to capture the north and
south facades of the buildings.

Taking in mind the huge amount of bushes the following technological availabilities and
possibilities, given below were used for the creation of the full point cloud:

- “registration using planes” software option;

- the measurements from the redundant scan;

- the common situation, created from the measurements and later on involved.

It should be noted, that under the term “full” should be understood the point cloud, created
from all four scans.

This “artificial” method for point cloud creation was necessary, because of the terrain
conditions and geometry of the buildings subject of measurements. The technical issues were
solved via:

- the existence of redundant information;

- software possibilities

- certain operator’s decisions.

Based on the listed above technical details, the raw data from the terrestrial laser scanning
was processed and the full point cloud was created.

The point cloud was used for the following purposes: 3D interpretation of the buildings and
extraction of the coordinates of the edges of the contours. Trimble RealWorks was used to
create the point cloud, visualise the object and prepare the data for export to external geodetic
software for further processing.

7. RESULTS FROM 3D TERRESTRIAL LASER SCANNING. ANALYSIS

In our specific case the creation of the full point cloud of the object was done via the manual
unity of the relevant scans. The following procedure was followed:
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7.1 Stations in the north

The created two adjacent stations of the scanner in the north part of the object were registered
via “using plane” option. The information was processed and united in one object (point
cloud). The accuracy results are given in fig. 5

ing TZF Scans) n
Cloud+o-Cloud Emor Coincident Points (%)  Confidence (%)
0.001Tm 49% G6%
0.001m 45%. 967

rror: 0.001m | I Save as RTF I Close Help

Fig. 5 Registration using planes, of two stations with 96 % confidence
7.2 Stations in the south

The next adjacent stations of the scanner were registered using the same software option, due
to the impossibility for application of spheres. The raw data was processed and the accuracy
results from the registration are given in fig. 6.
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ng TZF Scans} n

Cloud+o-Cloud Error Coincident Points (%)  Confidence (%}
0.001m 2T 100%
0.001m 27 100%
or: 0.001m | I Save as RTF I Close Help

Fig. 6 Registration using planes, of two stations — 100 % confidence
7.3 Creation of the full model. Results

Based on the processed laser scanning data, the full model was created via the registration of
already created point clouds (see points 7.1 and 7.2). The registration results are shown in fig.
7.

ng TZF Scans) n

Cloud4o-Cloud Emor Coincident Points (%)  Confidence (%)

0001 m T4 100°%
0.007m 45% %

0.001 m Th 100%
0.007m 275 100%
0.001 m 26% 100%
0.001m 27% 100%
0.007 m 45% 967

0.007m 26% 100%

ror: 0.001m Save as RTFE Close Help
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Fig. 7 Registration using planes, of all stations

The completion of above-described parts eliminated the technical difficulties, which were met
by the existence of bushes and were described in details in chapter 6.

From the processing of the raw laser scanning data in our specific case, the following results
were achieved:

-cloud-to-cloud error 1mm for all registrations;

-confidence 96% and 100%.

-overall cloud-to-cloud error 1mm.

The above-mentioned quality results proved the obtained extremely high accuracy of the point
cloud, created even in such hard terrain conditions. The results from the next step of data
processing — georeferencing of the point cloud are given in fig. 8. The georeferencing was
done with created for the case network of control points. Some of them were excluded from
the calculations in order to be obtained better quality results. The error - calculated with the
best determined control points was 9 mm.
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Fig. 8 Quality results from georeferencing of the point cloud
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8. CONCLUSION. RECOMMENDATIONS

This study explored:

-the technical implementation;

-issues, which were met;

-the solutions

in the process of 3D terrestrial laser scanning and raw data processing of buildings situated in
area, covered with bushes.

The point cloud, subject of assessment in this specific case was used to deliver information,
necessary for the creation of the contours of several buildings.

The full digital model of the object was not created in the “classical”, fast and convenient way
(using artificial targets). The presence of bushes all around the object imposed:

-replacement of target-based registration with registration using planes;

-three registrations using planes instead of application of target-based one;

-usage of powerful contemporary laptop;

-more computational time, required for registration using planes process.

-human decisions/intervention for the specific way of measurements and data processing.

In spite of the existing issues in this case study, the required amount of data was captured via
contemporary, precise and very productive surveying technology. In this study were used the
current possibilities of the IT.

The measured 3D information was analysed and it could be noted the high accuracy, which
was obtained and given in chapter 7:

a) 1 mm in the registration process;

b) 9 mm in the georeferencing of the point cloud.

The mentioned quality results satisfied the requirements for accuracy of the terrain points of
the object. The extracted data from this terrestrial laser scanning was represented in the plane.
The information was used for further geodetic activities in the area of cadastre.

Based on:

-the geometry of the object;

-the closed area where the buildings were situated in;

-the technical difficulties (solved during the data processing);

-the hardware, used in this study;

-the taken decisions in the area of terrestrial laser scanning

it could be noted, that the geodetic measurements were done in a reasonable time (due to the
bad weather conditions) and excellent quality results were obtained.
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Proposal for future activity before performing of outdoor laser scanning. In order to avoid the
described technical issues, caused by the existence of bushes around the object it could be
recommended their removal in advance in the appropriate way by the owner or representative.

REFERENCES

Kostov, G., 2015, Application, specifics and technical implementation of the 3D terrestrial
laser scanning for measurement and analysis of the spatial geometry of a steel construction.
FIG Working week 2015. From the Wisdom of the Ages to the Challenges of the Modern
World. Sofia, Bulgaria. ISBN 978-87-92853-35-6. ISSN 2307-4086. pp4. Sofia, FIG

WEB

https://1library.net/title/visualisation-d-cadastre-using-terrestrial-laser-scanning
https://eprints.usq.edu.au/31409/1/Gann N Zhang.pdf
https://mycoordinates.org/terrestrial-lidar-capabilities-for-cadastral-modelling/

http://www.diva-portal.org/smash/get/diva2:1362840/FULLTEXTO1.pdf
https://www.e3s-

conferences.org/articles/e3sconf/pdf/2020/24/e3sconf tpacee2020 07012.pdf

https://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLII-2-W9/663/2019/isprs-

archives-XI.II-2-W9-663-2019.pdf
https://www.mdpi.com/2072-4292/12/10/1547/pdf

USED SOFTWARE

Trimble RealWorks (http://www.trimble.com/3d-laser-scanning/realworks.aspx);

BIOGRAPHICAL NOTES

Gintcho Kostov graduated in UACEG, Sofia in 1998. He is chief assist. prof. Dr.-eng. at
University of Forestry, Sofia. In TU Wien, Austria he completed and defended a scientific
project, entitled “Assessment of the Quality of Geodetic Networks Using Fuzzy Logic”. Dr.
Kostov holds the following licenses: for performing of activities in the area of geodesy,
cadastre and investment design. He is a member of: Union of Surveyors and land Managers in
Bulgaria, Union in Scientists in Bulgaria Chamber of Engineers in Investment Design and
Council of Experts in Municipality Opan.

CONTACTS

Chief Assist. Prof. Dr.-eng. Gintcho Petkov Kostov
University of Forestry, Sofia

10 Kliment Okhridsky Blvd., 1797 Sofia, Building A
+359 896 77 87 32

Application of 3D Terrestrial Laser Scanning for Measurements of Buildings, Situated in Area, Covered with Bushes —
Technical Difficulties, Solutions and Implementation (10962)
Gintcho Kostov (Bulgaria)

FIG e-Working Week 2021
Smart Surveyors for Land and Water Management - Challenges in a New Reality
Virtually in the Netherlands, 21-25 June 2021


http://www.trimble.com/3d-laser-scanning/realworks.aspx
https://www.mdpi.com/2072-4292/12/10/1547/pdf
https://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLII-2-W9/663/2019/isprs-archives-XLII-2-W9-663-2019.pdf
https://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLII-2-W9/663/2019/isprs-archives-XLII-2-W9-663-2019.pdf
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/24/e3sconf_tpacee2020_07012.pdf
https://www.e3s-conferences.org/articles/e3sconf/pdf/2020/24/e3sconf_tpacee2020_07012.pdf
http://www.diva-portal.org/smash/get/diva2:1362840/FULLTEXT01.pdf
https://mycoordinates.org/terrestrial-lidar-capabilities-for-cadastral-modelling/
https://eprints.usq.edu.au/31409/1/Gann_N_Zhang.pdf
https://1library.net/title/visualisation-d-cadastre-using-terrestrial-laser-scanning

email cccc@cccc.email
www.1111111111.me

Application of 3D Terrestrial Laser Scanning for Measurements of Buildings, Situated in Area, Covered with Bushes —
Technical Difficulties, Solutions and Implementation (10962)
Gintcho Kostov (Bulgaria)

FIG e-Working Week 2021
Smart Surveyors for Land and Water Management - Challenges in a New Reality
Virtually in the Netherlands, 21-25 June 2021


http://www.1111111111.me/
mailto:cccc@cccc.email

