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SUMMARY

The technology of the 3D terrestrial laser scanning offers the geodesists and other professionals
many new possibilities. 3D laser scanning couldapplied in a number of engineering tasks

and one of them is our specific caseeasurement and detailed analysis of the spatial geometry

of a steel construction.

This paper studies the technical details from the practical implementation of: 3D tddeesdria
scanning, data processing and analysis of a steel construction. The last consisted of two rows
with ten columns in each one. Two undeane beams, mounted over each row of the columns
were also subject of detailed analysis. The sequence of thetgeactivities, also the specifics
(including the scanner settings, processing and the interpretation of the information in the point
cloud) are discussed in details in the paper. The final results from the 3D laser scanning (the
spatial coordinates ofaeh point) were used later on for thorough analysis of the steel
construction, using specialized geodetic software.

The respective discrepancies of the elements of the steel construction from their theoretical
values wereanalysedn details in the papeflhe axes of both: rows of the columns and the
undercrane beams were also studied and the results were presented in the respective
geometrical and analytical way.

Recommendations and proposals for future work are also given.
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Application, specifics and technical implementation of the 3D
terrestrial laser scanning for measurement and analysis of the spatial
geometry of a steel construction

Gintcho Petkov KOSTOV, Bulgaria

1.INTRODUCTION

3D terrestrial laser scannimgone contemporary way for fast and accurate gathering of spatial
informationi the coordinates of each measured point along with the intensity of the returned
laser signal in the scanner, s&éil¢v, 2013. Information about the process of laser scanning
could be found in many sources  on the Internet, see
[http://www.dot.ca.gov/hg/row/landsurveys/SurveysManual/15_Surveys.pdf and
[http://www.aftopo.org/download.php?matricule=412B0here are various types and brands

of laser scanners and theisage in the practice depends for instance on the size dbjdet, 0
accuracy requirements, etc.

Thetype of the objectin this papeii steel construction, which was approximately 9 m. high
required usage @D terrestrialaser scanning, du the following reasons:

-absence of angurveyingdocumentation

-dangeous and practically impossible to accessupperparts of theconstruction

-the convenbnal surveying instruments were not atagrovide the required spatial data with

the necessary amount and completeness;

-it was necessary to determiveryfast aml accuratly the current spatial geometry of the steel
constructionn order the relevanhaintenancectivities to be performed;

The task of this papeare:

-to perform a study of the techniaaquirements, which should be followed in the process of
scanning a steel construction;

-to analyse the various sources of data, derived from the point cloud;

-to propose recommendatigim®d on the derived results.

The focusin this paperis concentratedespeciallyon the outdoor scanningf a steel
construdion.

2. SOME OF THE APPLICATIONS OF 3D TERRESTRIAL LASER SCANNING IN
GEODESY

There are a number of applications of the terrestrial laser scanning in the area of geodesy. Some
examples are giveloelow

-in deformation measuremen®y et al., 2008][Zogget al., 2008and[Zhang et al., 2008

-for tunnels surveyingWang et al., 2013]

-for health @sessment afoncrete structurd¥ang et al., 2014
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-for analysis of steel structurg€abaleiro et al., 20]4[Park et al., 2007]http://www.gim-
international.com/issues/articles/id22@3Modelling_of_Shukhov_Tower.html] and
[ KSemen et al ., 2008]

One other possible applicatiomvolving alsospecializedBulgariangeodeticsoftwarewill be
given here in this study. The last focuses on the following key moments:

-the conductedsurveyfield procedues in order altequiredspatial information to be captured,;
-applyingthenecessargetting in the laser scanner for outdooasof the steel construction;

-the way ofprocessing of the raw data aaextractionof the necessary information from the
point cloud;

-usage of the point cloud perform spatial interpretation of the object;

-analysis of the derivedata,

-usage of a specialisezkternalgeodetic software to determine the discrepancies in the 2D
space;

3. TECHNOLOGY REQUIREMENTS. ADVANTAGES OF THE USAGE OF
TERRESTRIAL LASER SCANNING FOR THIS PROJECT

In this chapter are listesbme of theequirements, whicmustbe followed when conducting
laser scaning. It should be noted that the accuracy, quality and reliability were essknmtial
this projectIn order tobe producel data withthe requiredyood quality several environmental
conditions should be carefully sérvedbefore start of the process laser scanningfor
complete list, see the user manual
[http://mep.trimble.com/sites/mep.trimble.com/files/Trimble%20TX5%20User%20Guide.pdf
D):

-Surveying should ndie conducted if the ambient temperature falls belode§rees Celsius;
-Measurements should not be conducted in dust, snow or rain;

-Scanning against direct sunlight should be also avoided;

-Hi ghl vy reflective or wilbisceasé ithe gnacauragy eoft thes 6
measurements.

The above listedequirement®sf the terrestrial laser scanning requictosing of appriate

time period of the day for conductingthe measurements in order to be produced reliable and
quality resultsaccording to the specifics of the assigned task.

Here could be listed some of th@joradvantagesf applying theerrestrial laser scanning for
this project:

-the usage ofaser scannindacilitates the analysis of thspatial geometry of the steel
construction, i.e. it gives theossibility to obtairthoroughspatial data for the objeit a short

time period at the field

the obj ect avthes momened Mmeasutements, which eliminated the need for
performingadditionalfield measurements in order to obtamoreinformation, if required;
-signficant part of the steel construction, subject of measurements and analysisawagh,
dangerous and very difficult for human access plabese circumstancegsquiredthe usage

of contactlessechnology for conducting of tlgeodetioneasurements;
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4. PERFORMED GEODETIC ACTIVITIES BEFORE CONDUCTING THE SCAN

The object under assessménthe steel construction (consisted of total 20 columns) was
carefully recognisedoefore the start of the geodetic measurements. It was concluded, that 3
stations oflhe laser scanner should be used in ordbetassured the following requirements

-the necessarylor) distances between tariousparts of the objecnd the scanngr

-the required angle of incidence between the scanner and the targets
[http://mep.trimble.com/sites/mep.trimble.com/files/Trimble%20TX5%20User%20Guide.pdf

I
-the safety of the scanner and its accessories;

-the necessary visibility between the scanner andrtifecial targets;

-the visibility ofthe spheres betweesachtwo stations;

-the required spatial geometry between the spheres;

-the distancebetween the scanner and the spheres (in this case were uséddbtpes of
spheres);

The places for the stations of the scanner were carefully chosen as to be assdimegtthe
visibility of:

-the bottom and upper parts of each column;

-the undercrane beams;

According to the current environmental conditions,grapersettings werapplied(described

in details in the next chapter) in order to be produced scansigtilguality.

5. TECHNICAL PARTICULARITIES OF THE 3D TERRESTRIAL LASER
SCANNING OF THE STEEL CONSTRUCTION. PARAMETERS OF THE SYSTEM.
PROCESSING OF THE RAW DATA

The procedure of the laser scanning was started after assuring, that all of the mentioned in the
previous chapter requirements were riet. conducting of thecan Trimble TX5 was chosen
amongstall other possibilities, due to its technology aedhnical possibilitto achieve the
requiredaccuracy, needed for the study of the steel construdttidmimble TX5, as it is known,

there arecolour settings options for theexposuremeteringmode. In order to produce quality
data from the laser scanninthe correct modewvas chosen,according tothe current
environmental conditiond he usage of a certascanner should be carefully considered, see
[Alkan et al., 2012].

Due to thevery fastchanges in the weather (sunshine and clodwisihg the time of performing

of the measurementit was difficult to choose the right settinfigr colour meteringfor the
outdoor scarof the steel The absence of warning messages, also the chosen resolution and
guality of the scaguaranteedhigh quality of theraw scan data.

The mentioned abovsettings in the laser scanner assythdt the accuracy requirements of
the project will be met and the quality of the panoramic photos will be enough for the extraction
of the necessary spatial information. A balance between the accuracy, quality of the scanning

TS numbeii Sessionitle, paper na/r625

Gintcho Kostov 5/14
Application, specifics and technical implementation of the 3D terrestrial laser scanning for
measurement and analysis of the spag@metry of a steel construction

FIG Working week 2015
From the Wisdom of the Ages to the Challenges of the Modern World
Sofia, Bulgaria, 121 May 2015



and productivity in the field work wasssuredor this project.

The raw data was input in TrimbRealWorksand tle necessary processing was darsing
Aspatial samplingo instead dlieusdetpdpioduced by st
a homogeneous point cloud, which was essential for the spatial anafysie steel
construction

In order to create highly accurate and reliable 3D digital model from several $icans,
requirements listed in chapter 3 andhbuld be followedFor this casé analysis of a steel
construction each technical detail wasifhimportance, due to theccuracy requirements.

6. APPLICATION AND USAGE OF THE POINT CLOUD FOR VIRTUAL
INTERPRETATION AND SPATIAL STUDY OF THE STEEL CONSTRUCTION

The point cloud was used for several purposes, incluaihgot limited to: 3D visualization,
creation of dimension line®r the respective objects and extractiontloé necessargD
coordinates. Trimbl&ealWorkswas usedot only for processing of the raw data, higoto

export theaequirednformation from he point cloud, in theslevantformat toexternalsoftware
products for further interpretation and analysis.

The following data, listed below was required for the analysis of the spatial geometry of the
steelconstruction

-the coordinates of control points from the point cloud of the stewdtruction see fig. 3;

-the deviation between the lower and upper giagach column, i.e. the deflection of the vertical

of each column;

-the distance between the columns, see fig. Nand 2;

-the distance between each north and south column, measured at the inner edges ofthe under
crane beams, see fig. NN: 4,5, 6 and 7;

-the deviation between the theoretical axis of the und®Ere beams and their actual position

in the plane, sefig. 8;

-determination of the heights of the inner edges of the tordee beams, see fig. 9;

6.1 Graphical representation of the cata, necessary for the spatial study ahe columns

-the coordinates of theontourpointsof the lowestand uppepars of each column, see fig; 1
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Fig. 1 The control points and the dimension lines at the lowest part of a column

-the distances between eamte of thecolumrs, measured at the lowgsaces, see fig. 2;

Flg.‘ 2 Cbreaté'd di'rh’énsid'mési’h‘ the 3D spac‘é‘betwleen each one of the columns

6.2 Graphical representation of theinformation, necessary for the spatial study othe
under-crane beams
-the coordinates dheinner edge of the beamgsat each two opposite columns, see fig. 3;

8
i B
Fig. 3Control pointsonthe inner edges of the beam
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-the dimension linem Trimble RealWorksbetween the inner edges of the beams, see fig. 4;
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Fig. 4Createddimension linestthe upp

The information givenin points 6.1 and 6.@asusedfor furtheranalysig(in the planesee fig.
10and in the spagef the current condition of the spatial geetry of the steel construction.

Figures NN: 5, 6 and $how the varioupossibleways of thanterpretation of the produced 3D
information for the steel constructioihey are screenshots of one essential advantage of the
software (with thgoint cloud 1 its possibilityto show from various points of view tdédficult

or impossible for human access places of the object.
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