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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 could be applied in a number of engineering tasks 

and one of them is our specific case - measurement and detailed analysis of the spatial geometry 

of a steel construction. 

 

This paper studies the technical details from the practical implementation of: 3D terrestrial laser 

scanning, data processing and analysis of a steel construction. The last consisted of two rows 

with ten columns in each one. Two under-crane beams, mounted over each row of the columns 

were also subject of detailed analysis. The sequence of the geodetic activities, 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 of each 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 were analysed in details in the paper. The axes of both: rows of the columns and the 

under-crane 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. 
 

ɸɹʉʊʈɸʂʊ 
 

ʊʝʭʥʦʣʦʛʠʷʪʘ ʥʘ 3D ʥʘʟʝʤʥʦʪʦ ʣʘʟʝʨʥʦ ʩʢʘʥʠʨʘʥʝ ʧʨʝʜʣʘʛʘ ʥʘ ʛʝʦʜʝʟʠʩʪʠʪʝ, ʢʘʢʪʦ ʠ ʥʘ 

ʜʨʫʛʠ ʩʧʝʮʠʘʣʠʩʪʠ ʤʥʦʛʦ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ. 3D ʣʘʟʝʨʥʦʪʦ ʩʢʘʥʠʨʘʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʧʨʠʣʦʞʝʥʦ ʚ ʤʥʦʛʦ ʠʥʞʝʥʝʨʥʠ ʟʘʜʘʯʠ ʠ ʝʜʥʘ ʦʪ ʪʷʭ ʝ ʥʘʰʠʷ ʩʧʝʮʠʬʠʯʝʥ ʩʣʫʯʘʡ ï 

ʠʟʤʝʨʚʘʥʝ ʠ ʜʝʪʘʡʣʝʥ ʘʥʘʣʠʟ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘʪʘ ʛʝʦʤʝʪʨʠʷ ʥʘ ʩʪʦʤʘʥʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ. 

 

ʊʦʟʠ ʤʘʪʝʨʠʘʣ ʠʟʫʯʘʚʘ ʪʝʭʥʠʯʝʩʢʠʪʝ ʜʝʪʘʡʣʠ ʦʪ ʧʨʘʢʪʠʯʝʩʢʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ: 3D 

ʥʘʟʝʤʥʦʪʦ ʣʘʟʝʨʥʦ ʩʢʘʥʠʨʘʥʘ, ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ, ʢʘʢʪʦ ʠ ʘʥʘʣʠʟʘ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʘʪʘ  ʛʝʦʤʝʪʨʠʷ ʥʘ ʩʪʦʤʘʥʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ. ʇʦʩʣʝʜʥʘʪʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʜʚʘ 

ʨʝʜʘ ʩ ʜʝʩʝʪ ʢʦʣʦʥʠ ʚʲʚ ʚʩʝʢʠ ʦʪ ʪʷʭ. ɼʚʝ ʧʦʜʢʨʘʥʦʚʠ ʛʨʝʜʠ, ʟʘʢʨʝʧʝʥʠ ʥʘʜ ʚʩʝʢʠ ʦʪ 
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ʨʝʜʦʚʝʪʝ ʦʪ ʢʦʣʦʥʠʪʝ ʙʷʭʘ ʩʲʱʦ ʧʨʝʜʤʝʪ ʥʘ ʦʙʩʪʦʝʥ ʘʥʘʣʠʟ. ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ 

ʛʝʦʜʝʟʠʯʝʩʢʠʪʝ ʜʝʡʥʦʩʪʠ, ʩʲʱʦ ʪʘʢʘ ʠ ʩʧʝʮʠʬʠʢʘʪʘ (ʚʢʣ. ʥʘʩʪʨʦʡʢʠʪʝ ʥʘ ʩʢʝʥʝʨʘ, 

ʦʙʨʘʙʦʪʢʘʪʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʦʪ ʦʙʣʘʢʘ ʦʪ ʪʦʯʢʠ) ʩʘ ʜʠʩʢʫʪʠʨʘʥʠ 

ʜʝʪʘʡʣʥʦ ʚ ʩʪʘʪʠʷʪʘ. ʂʨʘʡʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ 3D ʣʘʟʝʨʥʦʪʦ ʩʢʘʥʠʨʘʥʝ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ 

ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʚʩʷʢʘ ʪʦʯʢʘ) ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʧʦ-ʢʲʩʥʦ ʟʘ ʮʷʣʦʩʪʝʥ ʘʥʘʣʠʟ ʥʘ ʩʪʦʤʘʥʝʥʘʪʘ 

ʢʦʥʩʪʨʫʢʮʠʷ, ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʛʝʦʜʝʟʠʯʝʩʢʠ ʩʦʬʪʫʝʨ. 

 

ʉʲʦʪʚʝʪʥʠʪʝ ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʯʘʩʪʠʪʝ ʥʘ ʩʪʦʤʘʥʝʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʪ ʪʝʭʥʠʪʝ ʪʝʦʨʝʪʠʯʥʠ 

ʩʪʦʡʥʦʩʪʠ ʙʷʭʘ ʘʥʘʣʠʟʠʨʘʥʠ ʚ ʧʨʝʜʩʪʘʚʝʥʠʷ ʤʘʪʝʨʠʘʣ. ʆʩʠʪʝ ʥʘ ʢʦʣʦʥʠʪʝ, ʢʘʢʪʦ ʠ ʥʘ 

ʧʦʜʢʨʘʥʦʚʠʷ ʧʲʪ ʙʷʭʘ ʩʲʱʦ ʠʟʩʣʝʜʚʘʥʠ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʩʲʦʪʚʝʪʥʠʷ 

ʧʦʜʭʦʜʷʱ ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʠʜ. 

 

ʇʨʝʧʦʨʲʢʠ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʟʘ ʙʲʜʝʱʘ ʨʘʙʦʪʘ ʩʲʱʦ ʪʘʢʘ ʙʷʭʘ ʜʘʜʝʥʠ. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TS number ï Session title, paper no 7625 

Gintcho Kostov 

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, 17-21 May 2015 

3/14 

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 scanning is one contemporary way for fast and accurate gathering of spatial 

information ï the coordinates of each measured point along with the intensity of the returned 

laser signal in the scanner, see [Milev, 2012]. Information about the process of laser scanning 

could be found in many sources on the Internet, see 

[http://www.dot.ca.gov/hq/row/landsurveys/SurveysManual/15_Surveys.pdf] and 

[http://www.aftopo.org/download.php?matricule=412807]. There are various types and brands 

of laser scanners and their usage in the practice depends for instance on the size of the object, 

accuracy requirements, etc. 

 

The type of the object in this paper ï steel construction, which was approximately 9 m. high 

required usage of 3D terrestrial laser scanning, due to the following reasons: 

-absence of any surveying documentation; 

-dangerous and practically impossible to access the upper parts of the construction; 

-the conventional surveying instruments were not able to provide the required spatial data with 

the necessary amount and completeness; 

-it was necessary to determine very fast and accurately the current spatial geometry of the steel 

construction in order the relevant maintenance activities to be performed; 
  

The tasks of this paper are: 

-to perform a study of the technical requirements, 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 recommendations, based on the derived results. 

The focus in this paper is concentrated especially on the outdoor scanning of a steel 

construction. 

 

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 given below: 

-in deformation measurements [Bu et al., 2008], [Zogg et al., 2008] and [Zhang et al., 2008]; 

-for tunnels surveying [Wang et al., 2013]; 

-for health assessment of concrete structures [Yang et al., 2014]; 
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-for analysis of steel structures [Cabaleiro et al., 2014], [Park et al., 2007], [http://www.gim-

international.com/issues/articles/id2113-D_Modelling_of_Shukhov_Tower.html] and 

[KŚemen et al., 2008]. 

 

One other possible application, involving also specialized Bulgarian geodetic software will be 

given here in this study. The last focuses on the following key moments: 

-the conducted survey field procedures in order all required spatial information to be captured; 

-applying the necessary settings in the laser scanner for outdoor scan of the steel construction; 

-the way of processing of the raw data and extraction of the necessary information from the 

point cloud; 

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

-analysis of the derived data; 

-usage of a specialised external geodetic 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 listed some of the requirements, which must be followed when conducting 

laser scanning. It should be noted that the accuracy, quality and reliability were essential for 

this project. In order to be produced data with the required good quality, several environmental 

conditions should be carefully observed before start of the process of laser scanning (for 

complete list, see the user manual 

[http://mep.trimble.com/sites/mep.trimble.com/files/Trimble%20TX5%20User%20Guide.pdf

]): 

-Surveying should not be conducted if the ambient temperature falls below 5 degrees Celsius; 

-Measurements should not be conducted in dust, snow or rain; 

-Scanning against direct sunlight should be also avoided; 

-Highly reflective or absorbing objectsô surfaces will  increase the inaccuracy of the 

measurements. 

 

The above listed requirements of the terrestrial laser scanning required choosing of appropriate 

time period of the day for conducting of the measurements in order to be produced reliable and 

quality results, according to the specifics of the assigned task. 

Here could be listed some of the major advantages of applying the terrestrial laser scanning for 

this project: 

-the usage of laser scanning facilitates the analysis of the spatial geometry of the steel 

construction, i.e. it gives the possibility to obtain thorough spatial data for the object in a short 

time period at the field; 

-the object was ñsealedò at the moment of measurements, which eliminated the need for 

performing additional field measurements in order to obtain more information, if required; 

-significant part of the steel construction, subject of measurements and analysis was at a high, 

dangerous and very difficult for human access place. Those circumstances required the usage 

of contactless technology for conducting of the geodetic measurements; 
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4. PERFORMED GEODETIC ACTIVITIES BEFORE CONDUCTING THE SCAN  

 

The object under assessment ï the steel construction (consisted of total 20 columns) was 

carefully recognised before the start of the geodetic measurements. It was concluded, that 3 

stations of the laser scanner should be used in order to be assured the following requirements: 

-the necessary (short) distances between the various parts of the object and the scanner; 

-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

]; 

-the safety of the scanner and its accessories;  

-the necessary visibility between the scanner and the artificial targets; 

-the visibility of the spheres between each two stations; 

-the required spatial geometry between the spheres; 

-the distances between the scanner and the spheres (in this case were used both two types of 

spheres); 

 

The places for the stations of the scanner were carefully chosen as to be assured the direct 

visibility of:  

-the bottom and upper parts of each column; 

-the under-crane beams; 

According to the current environmental conditions, the proper settings were applied (described 

in details in the next chapter) in order to be produced scans with high quality. 

 

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 met. For conducting of the scan, Trimble TX5 was chosen 

amongst all other possibilities, due to its technology and technical possibility to achieve the 

required accuracy, needed for the study of the steel construction. In Trimble TX5, as it is known, 

there are colour settings - options for the exposure metering mode. In order to produce quality 

data from the laser scanning, the correct mode was chosen, according to the current 

environmental conditions. The usage of a certain scanner should be carefully considered, see 

[Alkan et al., 2012]. 

Due to the very fast changes in the weather (sunshine and clouds) during the time of performing 

of the measurements it was difficult  to choose the right setting for colour metering for the 

outdoor scan of the steel. The absence of warning messages, also the chosen resolution and 

quality of the scan guaranteed high quality of the raw scan data. 

 

The mentioned above settings in the laser scanner assured, that 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 
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and productivity in the field work was assured for this project. 

 

The raw data was input in Trimble RealWorks and the necessary processing was done, using 

ñspatial samplingò instead of sampling by step and adaptive sample. The used method produced 

a homogeneous point cloud, which was essential for the spatial analysis of the steel 

construction. 

In order to create highly accurate and reliable 3D digital model from several scans, the 

requirements listed in chapter 3 and 4 should be followed. For this case ï analysis of a steel 

construction each technical detail was of high importance, due to the accuracy 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, including but not limited to: 3D visualization, 

creation of dimension lines for the respective objects and extraction of the necessary 3D 

coordinates. Trimble RealWorks was used not only for processing of the raw data, but also to 

export the required information from the point cloud, in the relevant format to external software 

products for further interpretation and analysis. 

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

steel construction: 

-the coordinates of control points from the point cloud of the steel construction, see fig. 3; 

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

of each column; 

-the distance between the columns, see fig. NN: 1 and 2; 

-the distance between each north and south column, measured at the inner edges of the under-

crane beams, see fig. NN: 4, 5, 6 and 7; 

-the deviation between the theoretical axis of the under-crane beams and their actual position 

in the plane, see fig. 8; 

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

6.1 Graphical representation of the data, necessary for the spatial study of the columns 

-the coordinates of the contour points of the lowest and upper parts 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 each one of the columns, measured at the lowest places, see fig. 2; 

 

 
Fig. 2 Created dimension lines in the 3D space between each one of the columns 

 

6.2 Graphical representation of the information , necessary for the spatial study of the 

under-crane beams 

-the coordinates of the inner edges of the beams, at each two opposite columns, see fig. 3; 

 

 
Fig. 3 Control points on the inner edges of the beams 
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-the dimension lines in Trimble RealWorks between the inner edges of the beams, see fig. 4; 

 

 
Fig. 4 Created dimension lines at the upper part of the construction, between the beams 

 

The information, given in points 6.1 and 6.2 was used for further analysis (in the plane, see fig. 

10 and in the space) of the current condition of the spatial geometry of the steel construction. 

 

Figures NN: 5, 6 and 7 show the various possible ways of the interpretation of the produced 3D 

information for the steel construction. They are screenshots of one essential advantage of the 

software (with the point cloud) ï its possibility to show from various points of view the difficult  

or impossible for human access places of the object. 

 

 


