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1. Introduction

Nowadays surveying methods

provide geodesists with precise and 

productive way for 3D measurements

3D Terrestrial 

laser scanning

Both of them have a number of 

possible applications.

One of them is studied here –

the process of preparation of 

the vertical planning
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GNSS technologies
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open field

1. Introduction

linear and point 

objects of cadastre

industrial and 

administrative buildings

(shaped in various 

geometric forms)

In our specific case, the 

object under study is 

comprised of:
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b) Creation of precise point cloud.

a) Conducting of geodetic measurements, 

using two types of instruments in order to 

create complete digital model of the object.

2. This Paper Studies
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The specific details and the 

technical implementation of 

the following key 

moments:

c) Extraction of the 

necessary information 

in the 2D space.

d) The efficiency of the procedure

i.e. the productivity and minimization of 

the efforts of the crew in the field.
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b) To avoid the possible errors.

Necessary, due to the existence of large 

volume of cadastral information

3. Aims of the project
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a) Combination of 3D 

terrestrial laser scanning and 

GNSS technologies, using 

own reference station.

c) To maximize the 

overall productivity.

d) To deliver cost-competitive and 

precise digital product.
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data in the cloud.
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4. Reasons, which imposed the usage of 3D laser scanning

- Almost impossible to be 

produced errors in the 

representation of the information;

- Possibility for fast and 

accurate delivery of the 

spatial information.

- Existence of buildings shaped in 

various geometry.

www.geodesy.xyz

VERTICAL PLANNING BASED ON 

3D TERRESTRIAL LASER SCANNING AND GNSS TECHNOLOGIES



7

5. Reasons, which lead to the necessity of application of GNSS technologies:

- Productivity required for the 

determination of the 3D coordinates 

of the linear and point objects of 

cadastre, like fences, shafts, etc.

- Necessary fast gathering of accurate spatial 

information for the terrain in the open field.
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Ability to measure all visible details of the 

buildings in the relevant range. 

It is guaranteed, that all existing 

data in the field will be captured. 

The human factor for producing of 

errors was minimized/eliminated.

6. The specific usage of 3D terrestrial laser scanning in our case
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The field work for the crew 

was minimized, the 

productivity and reliability

were increased.

VERTICAL PLANNING BASED ON 

3D TERRESTRIAL LASER SCANNING AND GNSS TECHNOLOGIES



9

- Contactless measurements of hard to 

access details of the objects;

- Possibility to measure huge 

number of heights of the ground 

in the vicinity of the buildings;

The unique application of 3D Laser 

scanning for this project consists of:

6. The specific usage of 3D terrestrial laser scanning in our case
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- User can export the spatial information in *.html for 

interpretation to other professionals.

- 3D panoramic photos available for 

further use.
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Determination of 3D 

coordinates of contour points of 

objects like fences, shafts, etc.
Georeferencing of the 3D laser 

scanning data.

RTK MODE for GNSS 

measurements was used for:

7. The specific application of geodetic measurements in RTK mode in the project
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- possibility to capture every detail of the objects;

- no need for coding;

a) advantages:

www.geodesy.xyz

- high accuracy of the measurements

was obtained;

- high productivity possible;

8. Advantages and disadvantages of 3D terrestrial laser scanning for the project
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- direct visibility between the 

scanner and the objects is required;
- the position of the scanner must be 

carefully chosen

b) disadvantages:
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8. Advantages and disadvantages of 3D terrestrial laser scanning for the project
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- High productivity was obtained 

in the open field.

- Possibility to achieve high accuracy 

of the measurements.

a) advantages:

9. Some of the advantages and disadvantages of the satellite technology in our specific case
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- Difficult or impossible to survey the 

buildings, if the accuracy is of essence.

- Open sky required to obtain 

quality results.

b) disadvantages:

www.geodesy.xyz

- Necessary to store the 

point code/description.

9. Some of the advantages and disadvantages of the satellite technology in our specific case
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The buildings were examined and the field work was 

done in the following steps:

a) Assuring, that the 

requirements for the distances 

scanner- targets are met.
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b) Check of the visibility scanner-artificial 

targets within the polygon.

VERTICAL PLANNING BASED ON 

3D TERRESTRIAL LASER SCANNING AND GNSS TECHNOLOGIES

10. Conducting of the 3D terrestrial laser scanning of the buildings

c) Control of the angle of incidence.



10. Conducting of the 3D terrestrial laser scanning of the buildings
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d) Choosing the appropriate 

places for the stations in order to 

capture all necessary cadastral 

details of the objects, fig. 1.

e) Denoting the places for the spheres

for each station.

The buildings were examined and the field 

work was done in the following steps:
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Fig. 1 3D laser scanning of administrative building with specific geometry

f) Applying the necessary 

settings for the scan.
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11. Data delivery from the 3D laser scanning
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Fig. 2 Coordinated huge number of points in the vicinity of the buildings

Visual interpretation 

of 3D data
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Fig. 3 Points, measured on the rubble

11. Data delivery from the 3D laser scanning

Extraction of spatial 

information near-by a 

building



12. Results from the geodetic measurements and data processing
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Scans were imported and registered 

in Trimble RealWorks, using the 

option “Auto-extract Targets and 

Register”.

www.geodesy.xyz Fig. 4 Results from the quality control - registration of two of the stations of the scanner
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Fig. 5 Results from the quality control of the GNSS measurements in RTK mode

Screenshot from 

some of the results of 

the measurements in 

RTK mode
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13. Merging of the results from the geodetic measurements. Creation of the digital model
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Part III. Joinder of the data 

from part I and part II for 

creation of the final product 

(*.dwg model).

Part I. Preparation of a register 

with coordinates (x,y) in the 

relevant projection and height 

for each measured point by 

GNSS technologies (Fig. 5);

Part II. Creation of the 3D digital model of the 

point cloud, exclusively for the buildings

and the nearby terrain. Extraction/delivery of 

the required information;
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Digital model of the object for the 

end user

Store, share and backup of the data 

in the cloud (Mega, Amazon, etc.).

Access it from anywhere by Internet.
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13. Merging of the results from the geodetic measurements. Creation of the digital model
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Fig. 6 Creation of a horizontal cross-section of an industrial building

www.geodesy.xyz

Graphical example for part II

Trimble RealWorks was used 

for creation of cross sections.
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3. The geodesist could benefit from one 

combination of the nowadays technical 

possibilities (incl. the cloud), which leads to

productive way for conducting of the 

geodetic measurements, data processing 

and interpretation of the final results.

4. In our specific case were used highly accurate data from 

both 3D terrestrial laser scanning and GNSS measurements. 

2. The listed disadvantages

of each one of the 

technologies were 

“eliminated” by the 

advantages of the other. 

1. The mentioned disadvantages of the 3D terrestrial 

laser scanning and GNSS technologies did not in 

any way decreased the overall productivity.
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5. The applied technologies produced large volume of 

spatial information, which was used for the creation of 

the project for vertical planning of the territory.

14. Conclusion. Recommendations. Future Work
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Taking in mind the 3D geometry of the buildings, also 

the scale of the object, it could be noted -

the applied way of combination of the data from the 

measurements successfully fulfilled the requirements 

for productivity of the process, accuracy and 

completeness of the created final digital model. Based on:

1. Overall residual error (0.001m) from the registration report

of the laser scanning;

2. Position and height quality (0.01m) of the GNSS

measurements in RTK mode;

3. The given information in points 1-3 above,

it could be highly recommended the joint usage of the

mentioned equipment in the geodetic practice.
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14. Conclusion. Recommendations. Future Work
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Future work. The necessary attention 

should be concentrated on possible update 

of the relevant normative documents in 

order to meet the challenges, given by the 

nowadays technical possibilities of the 

geodetic instruments and software.
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14. Conclusion. Recommendations. Future Work
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Thank you for your attention!
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