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Preface 
This Bachelor thesis was written at Western Norway University of Applied Sciences 
Bergen, Department of Civil Engineering, Spring 2019 for the company Statnett. In this 
thesis you can find 3D models of electricity pylons and their surrounding terrain with the 
use of laser scanning technology. 

This thesis was written by Dieter Dens and Tuur Peeters, 2 construction engineering 
exchange students from Belgium with Loftur Thor Jonsson, Trond Nordvik and Stig Frode 
Samnøy as internal supervisors and Frode Kutschera as Statnett's employer. The task 
was assigned to us 5 days after we arrived in Bergen 6.02.2019 by Loftur Thor Jonsson. 
2 days after this meeting we met Trond Nordvik and Stig Frode Samnøy both teachers at 
HVL. Together with them, we have further developed the assignment for laser scanning. 
Stig Frode Samnøy contacted the company Statnett, which had given us the following 
assignment about the powerlines. In the beginning the thesis was not very clear and very 
detailed so we attended the lessons LEI110-1 19V Industrilandmåling og laserskanning 
to learn more about the operation and the theory of the laser scanner. 

The tasks around the assignment were interesting, exciting and very challenging. This 
was the first time that we learned to work with a laser scanner and also that we used 
various land surveying equipment in such a unique location. 

We would like to thank Lofthur Thor Jonsson for searching together with us for a land 
surveying assignment. We also want to thank Trond Nordvik and Stig Frode Samnøy for 
their help with the questions we had about laser scanning. Certainly Trond Nordvik 
because he made a lot of time for us. 
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Abstract 
In this thesis we will talk about a terrestrial laser scan of an electricity pylon that we have 
performed for the company Statnett. The aim of this research is to get an idea of which 
method is most efficient for measuring electricity pylons and what technique should be 
used. We will also look at the advantages that are not necessarily related to the scanning 
itself.  

We will compare these results with photogrammetry data from a drone. Both scans have 
been converted into a 3D model in order to be able to compare them with each other. 
We will also compare the data with the data from Høydedata.no. This is a database where 
you can find detailed altitude data generally collected using airborne LIDAR of all Norway.   

A general conclusion is that the laser scanner is better for measuring the pylon than the 
drone scanner, but the drone is better for measuring the surrounding terrain. The drone 
is also easier to transport than the laser scanner, which can be an advantage in some 
areas. For larger areas and difficult terrain, it is better to use a drone because the range 
is much bigger. The laser scanner scans much more in detail with difficult shapes because 
it scans from different positions and has a higher accuracy. 

To place the obtained point cloud in the world coordinate system it is best to use total 
station, GNSS and targets that you place around the object and the terrain to be scanned. 
This method is the most accurate to use and causes the least errors. 
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1 Introduction 
As part of the management and maintenance of the electricity pylons, there is a need to 
check the condition of the pylons. Due to the large spans and heavy snow and ice loads 
on the cables, there are large forces on the electricity pylons. In some places these forces 
are too great, and an extra pylon must be placed to prevent the cables or pylon from 
collapsing.  

Statnett is the system operator in the Norwegian energy system, owning and operating 
the transmission grid and maintaining the balance between consumption and production. 
Statnett is a state enterprise owned by the Norwegian state through the Ministry of 
Petroleum & Energy. They operate about 11 000 km of high-voltage power lines and 150 
transformer stations. 

The device we used to perform our measurements is the Leica P20, it is a relatively new 
device that we had at our disposal by HVL.  

1.1 Subject/ Research question  

We have measured the terrain in a period with snow and a period without snow and 
compared these 2 different models with each other. We will search for the differences 
between the methods of measuring. Which method is the best for measuring electricity 
pylons and their surrounding terrain? 

We have measured electricity pylons and their surrounding terrain with a laser scanner 
with an emphasis on detail, accuracy, coverage and efficiency. We have converted this 
measured data into 3D drawings and compared it with data from Høydedata.no and with 
photogrammetry data from a drone. Høydedata is a database where you can find detailed 
altitude data of all Norway. The data of the drone is obtained by another group.  
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1.2 Information about the area  

Location (Figure 1): 5226 Bergen 
Hordaland 
Norway 

Coordinates Pylon (Figure 2): Tower 1 
    60.324689, 5.443699 
    Euref89 UTM32 

You can find more pictures of the location in Appendix A. 

Figure 2: Location area, Pylon (Høydedata) 

Figure 1: Location in Norway,Bergen (Høydedata) 
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2 Theory  

2.1 Georeferencing  

In order to be able to compare our data with other data, we must first assign coordinates 
to certain points and place the different point clouds in the same coordinate system. In 
this way we can compare the point clouds correctly.  

This means that the scanner's coordinate system can be related to a ground system of 
geographical coordinates (world coordinate system). It means connecting to locations in 
real world. This is what we will need in order to place our models in real world. Which 
means you need to search for coordinates by using a GPS. These coordinates will then 
be added to Cyclone or Cloudcompare so that the model can be orientated correctly. The 
correct orientation is necessary to be able to compare different models. 

2.1.1 Type of coordinates systems 

Many different coordinate systems are used in different countries. Therefore, it is 
important to know them well, to make sure that you are not using the wrong one when 
setting up the device. 

- UTM (Universal Transverse Mercator): It's a 2-dimensional Cartesian coordinate 
system that is implanted on Earth. It has a horizontal position view. It is used to 
indicate locations independent of height on earth. The UTM system is not a single 
map projection. The system divides the earth into 60 zones, each being a six-
degree band of longitude as you can see in the picture (Figure 3), the western 
part of Norway is located in zone 32. (Wikipedia, 2019) 
 

 
 

 

 

 

 

 

 

 

 

- WGS84 (World Geodetic System 1984): This is the Earth's coordinate reference 
system. It has a variation of a few centimeters at the International Terrestrial 
Reference System (ITRS). It is designed for GPS so, it is used in the Leica GPS 
that we have used. (Wikipedia, 2018) 
 

- EUREF89: This is a two-dimensional coordinate system for representing positions 
on the ground surface. Norway is situated in zone 31 up to zone 36 (Figure 4). 
This grid is more detailed than the UTM. (Wikipedia, 2018) 

Figure 3: Modified UTM Zones (Wikipedia) Figure 4: EUREF89 coordinate system  
(Wikipedia) 
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2.2 Laser scanning 

3D Laser scanning is a measurement method in which an 
object or surface is scanned by laser technology. A laser 
scanner is a device that sends light pulses at high speed up 
to a certain distance. By constantly changing the angle, both 
vertically and horizontally, it is possible to get a full 360˚ 
image. For each light pulse, the distance between the scanner 
and the measured object is calculated by the elapsed time 
between the sent and received pulse. Each scanned point will 
be converted to a pixel with known x, y and z coordinates 
and reflection value or intensity. The result is a point cloud 
of millions of points. 

There are two types of situations in laser scanning: static 
laser scanning on the one hand and dynamic laser scanning on the other. Static laser 
scanning is done from a fixed position, which ensures the highest accuracy and point 
density. Static laser scanners can be divided according to their usable scanning range. 
Dynamic laser scanning is not relevant for this study and is therefore not described 
further in the thesis. 

In order to get the best results, it is recommended to measure in perfect weather 
conditions. By this we mean dry weather. The device is equipped to measure in bad 
weather and can resist water, but precipitation can disturb the results of the 
measurements and create noise.  

The device is easy to use due to the simple graphical menu. The data is automatically 
saved on the device which is very useful when you need to scan large projects. Afterwards 
you can easily export the files to an external USB stick. 

The Leica P20 (Figure 5) laser scanner is a time-of-flight based optical 3D measurement 
system. This system uses a laser source to scan a surface in order to obtain dense range 
data. Time-of-flight is the measured time taken by an object, particle or wave to travel 
a distance through a medium. With this information we can measure the velocity or path 
length to the object. (Vosselman & Maas, 2010) (Wikipedia, 2019) 

2.2.1 Accuracy 

Before the measurement, it is important to adjust the tribrach correctly so that the 
instrument is levelled and the deviations are as small as possible. Cirular levels of Leica 
geosystems tribrachs are specified with 8'/2mm which means that a tilt of the horizontal 
plane of 8' moves the bubble for 2mm. The bubble can be moved by turning the 3 
adjusting screws.     

The accuracy of the laser scanner is an important point for the quality of the data. The 
Leica P20 has a 3D position accuracy of 3mm at 50m and 6mm at 100m. In terms of 
angular accuracy, the device is accurate to 8", horizontally and vertically.  

After we registered the point clouds an average error of 0.004 m at each point was added. 
This is because the point clouds have to adapt to each other. At this moment we had an 
accuracy of 7mm at 50m and 10mm at 100m. When the point cloud was finally placed in 
the correct coordinate system, the error in accuracy became even bigger. Because we 
didn't use the most accurate method, we now had to add an error of 18mm at each point. 
Finally, the accuracy of the measured points is 25mm at 50m and 28mm at 100m. 

Detailed information about the Leica P20 can be found in the product specifications in the 
Appendix.  (Appendix B) 

Figuur 5: Leica P20 Laser  
Scanner (Scanable) 
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2.3 GNSS 

Global Navigation Statellite System (GNSS) (Figure 6) 
is a type of receiver for determining a location. The 
position of the GNSS is determined by the satellites, 
which send radio waves to the GNSS and the device 
knows where it is located. There are various satellite 
systems (GPS, GLONASS, Galileo or BeiDou) that can 
receive the GNSS. In Europe we use the Galileo GNSS 
system. (Novatel, n.d.) 

The GNSS can be used in 2 different ways. Kinematic 
mode & Static mode. We have used the Kinematic 
mode so our thesis will not discuss the Static mode. 
More information about the Kinematic mode can be 
found in the next section.  

The electricity pylon can't interfere with the GPS signal 
either because we have placed the GPS points at a safe distance. (Alsalman, 2013) 

To determine the coordinates of certain points, we used the Leica Viva GS14 - GNSS 
Smart antenna and the Leica Viva CS10 Field Manual (Figure 6). 

2.3.1 Kinematic mode 

Also called Real-time Kinematic Positioning (RTK). It uses the live location of the available 
satellites at that moment, which are in range of the GNSS receiver. Within a few seconds 
the receiver can obtain the coordinates. The accuracy of the device is up to several 
centimetres. There are a lot of other factors to get the device more accurate. (Novatel, 
n.d.) 

2.3.2 Accuracy 

The accuracy after Post Processing at the Kinematic mode is at the horizontal 8mm + 
1ppm and at the vertical 15mm + 1ppm this usually depends on certain factors such as 
the number of satellites, obstructions, observation time, .... It is also quite important to 
keep the GNSS poles straight above the point when you are measuring with the GNSS in 
order to get an accurate result (Appendix C). 

 

 

 

 

 

 

Figure 6: Leica Viva CS10 & GS14  
(Sccssurvey) 
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2.4 Total station 

The total station is an electronic/optical measuring 
instrument in which a theodolite is integrated. The 
instrument measures the horizontal and vertical angles and 
distances from the device to a certain point. It can be 
controlled remotely with a remote control. The device we 
have used is the Leica TS13 (Figure 7) (Appendix D). The 
error in range on this device is 5cm by 100m. (Wikipedia, 
2019) 

2.4.1 Accuracy 

Before the measurement, it is important to adjust the tribrach correctly so that the 
instrument is levelled and the deviations are as small as possible. Cirular levels of Leica 
geosystems tribrachs are specified with 8'/2mm which means that a tilt of the horizontal 
plane of 8' moves the bubble for 2mm. The bubble can be moved by turning the 3 
adjusting screws.     

The distance that can be achieved for distance measurements is from 1.5 to 1000m with 
an accuracy of 2mm + 2ppm and if we would use a prism this would be up to 3500m 
with an accuracy of 1mm + 1.5ppm (Appendix D).  

2.4.2 Prism 

A prism is used as a target for the total station. Prisms comes in 
various shapes. The specific prism used in the project was the 360° 
prism GRZ4 (Figure 8). This prism is screwed on an adaptable pole 
so that you can adjust the height as you want. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Leica TS13 Total  
Station (Leica) 
 

Figure 8: Prism GRZ4  
(Leica) 
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2.5 Registration  

The purpose of the registration is to combine all the scans taken on the field. After we 
registered all the scans, we can merge them together into one model and create a 3D 
point cloud model. 

There are several possibilities to register but we have 
used the point-related registration for which exact point 
correspondences between coordinate systems exist. This 
is achieved by placing targets in the scanner's scanning 
field. The targets are oversampled and the strongly 
overlapping set of points is used to estimate the 3D 
coordinates of the target in the sensor frame. These 
coordinates are then used as observations for parameter 
estimation. The common feature of the targets is that 
they have a high contrast between the target 
components to enable a high accuracy center 
determination by some form of signal or feature based 
approach. Retro-reflective targets (Figure 9) are best 
avoided because they can cause artifacts, we used the 
Leica HDS P20 6” tilt & turn black & white (grey) target 
(Figure 10). 

First we need to import the scans that we want to 
combine into the registration window. We do this through 
the option ‘scan world’ and ‘add scan world’. Now all the 
targets and common targets needs to get imported 
through constraint and add constraint with identified 
targets only. After this there should be made a 
registration. On Constraint list we can see the deviation 
between the common targets. Depending on the 
maximum aberration of the project, targets with the most 
aberration can be removed or disabled if this doesn’t 
affect the drawing. If we remove too much targets the 
registration will fail and the result is useful.  

After we add the constraints, we can make an optimization through cloud constraint and 
auto add cloud constraints. This means that the program will try to align the scans as 
close as possible to each other to minimize the aberrations. Now we have to freeze our 
obtained results and create a model out of it through the option registration.  

It’s also possible to make a 3D-model without using targets but this outcome is less 
accurate than with targets. The steps are the same until registration. We can make a 
cloud to cloud registration, in this case a large number of points (from the overlap region) 
are used by an ICP algorithm to obtain transformation parameters. (Vosselman & Maas, 
2010) 

 

 

 

 

Figure 10: Black & white target  
(Survey.crkennedy) 
 

Figure 9: Retro-reflective target 
(Surveyequipment) 
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2.6 Software  

2.6.1 Leica Cyclone 

Leica Cyclone is a processing software program to place 
laser scan data to a common coordinate system and to 
register different clouds. All the data obtained during 
the measurement can be imported into this program. 
For us is this a very important program because there 
are no other programs in which we can read out our 
data directly.  

The bigger the file, the longer it will take to import the 
data into cyclone. If we later import it into 
Cloudcompare, it is very difficult to work with heavy 
files because our computers can't handle it. As a result, 
the model is faltering and the program gets stuck. To 
prevent this we have used SubSampling, here we can 
adjust what percentage of the point cloud density we 
want to import. We used 1/25 of the points out of the 
model (Figure 11). 

The file you import is a raw data file, if you have 
measured from multiple points, you will see multiple 
scan stations in the file. Below you can find several 
terms that we have been working with. (Leica, 2015) 

- Modelspace: The modelspace is used to edit (cut, delete) in the cloud. It can also 
be used to measure. In the modelspace we get an overview of the point cloud 
(Figure 12) and we can see the position of the scanstations.  

- Truspace: This is a function in the Modelspace. In this model we can see 
everything from the position of the stations themselves (Figure 13). 

- Image: We took pictures during the scanning process, this is a useful function 
within the model space. We can display these photos at the same time as the 
point cloud to get a more realistic view of the model. 

- Scanstation: These are the different files from each measured point. For example, 
if 4 scans have been scanned in 4 different places, you should obtain 4 scan 
stations in the program. 

- Scanworld: Each position of a scan is also called a scanworld, which creates the 
modelspace.  

Figure 11: SubSample settings 
(Cyclone) 

Figure 13: Truspace view (Cyclone) 
 

Figure 12: Modelspace view (Cyclone) 



29/05/2019 B23 BYG150-1 19V 

HVL Thesis Laser scanning Statnett  14 

2.6.2 CloudCompare 

CloudCompare is a 3D point cloud editing and processing software. It is designed to 
perform a direct comparison between 3D point clouds. It is based on a specific octree 
structure that allows performance in performing these types of tasks. We have mainly 
used CloudCompare to compare our point clouds with those of the drone or 
Høydedata.no.  

In CloudCompare we filtered our data. During the filtering process, we removed all data 
that is not relevant for the project (vegetation, devices, people, etc.). By filtering the 
project, we can also look at certain things in the drawing separately, such as the 
electricity pylon. We can compare the electricity pylon and the surrounding terrain (Figure 
14) with other data or only the pylon itself (Figure 15).  

One of the many useful features of CloudCompare is the scalar field that we can modify. 
A scalar field is a group of values (one per point). Each point or vertex has a certain value 
and we can give this value a color, apply a filter to it or perform some elementary 
mathematical operations. We can also divide the cloud with respect to these values. 
(Cloudcompare, 2016)  

Figure 14: Electricity pylon separated (Cloudcompare) 

Figure 15: Electricity pylon with the surrounding terrain (Cloudcompare) 
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3 Method 
Before we started scanning, we did some preparatory works. With this we mean drawing 
up a scan plan (Appendix E) so we know what we have to do when we arrive on the 
mountain. We also made a safety and risk evaluation plan (Appendix F). This is a plan 
that shows what the dangers on the site can be and how we can prevent them. The 
persons present on the site at that moment are also mentioned in the document and 
have to agree with the plan before they enter the site. 

3.1 Laser scanner  

The device and the targets are set according to the 
scan plan. There are 4 scanning stations to make sure 
every side of the electricity pylon has been properly 
scanned. 2 scans have been made in each station, the 
first scan is important to have data from the terrain 
around the pylon and to cover the entire area. The 
second scan is specifically for the pylon and will be 
adjusted so we don’t get a 360° scan. We did this by 
setting up a field of view (Figure 16) to spare some 
scanning time. A field of view is a way to reduce the 
scan image from the laser scanner to a smaller image 
by setting degrees where the device should stay 
between with the scan. The second scan has a higher 
resolution to make sure we have the pylon in good 
quality.  

After we scanned the pylon and the surrounding area, 
we fine scanned the targets. This is important in order 
to easily find the targets in Cyclone when we want to 
register the different point clouds. We have done this 
task again in every scan station (Figure 17).  

We store all our data on a USB stick so we can easily import it into Cyclone.  

 

Figure 16: Field of view (own picture) 

Figure 17: Purple circles are the targets. White circles are the scanning stations. (Cyclone) 
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3.2 Georeferencing with totalstation  

The total station we have used was the Leica TS13 
(Figure 18).  

After measuring with the laser scanner, we have 
determined the coordinates of the targets by using 
the total station. This was not done correctly the 
first time, so we had to return to our scanning area 
at another time. The second measurement we used 
a different technique as the first time because there 
were no more targets at the area that we could 
scan. This technique is called ‘known station 
coordinates and backsight to a known point’. We 
determined coordinates of points on the electricity 
pylon that we then later linked to the same points 
in the point Cloud.  

It is important to check that the device is set to the 
correct coordinate system. In our case this is 
Euref89 UTM32. 

We have set up the total station at a position where 
all the points to be measured are clearly visible. It's 
best to set it at a far enough distance to keep the 
accuracy as low as possible (Figure 18). 

We positioned the arbitrary point in relation to the total station by placing the arbitrary 
point further away than the distance between the total station and the points to be 
measured on the pylon (Figure 19). We did this to keep the fault as small as possible. 
The jual pole that is used to indicate the arbitrary point must also be placed perpendicular 
to the marked point, this can be done by using a jual pole tripod. The position of the 
arbitrary point must be clearly marked so that it can be measured with the GPS 
afterwards (Figure 20).  

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Leica TS13, distance 
to the pylon 
 

Figure 20: Marked point, jual pole Figure 19: Position arbitrary  
chosen point used for orientation 
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We also measured two angles of two known points 'extra reference point', for this we 
used the pylon on Ulriken & Lovstakken.  

While measuring the points on the electricity pylon, we took the best possible points that 
can easily be found in the point cloud in cloudcompare such as corner points of the 
foundation. We measured at least 10 points to get the best possible result.  

3.3 GNSS  

We used Leica Viva GS14 - GNSS Smart antenna and Leica Viva 
CS10 Fieldbook (Figure 21) to determine the coordinates of the 
arbitrary point and the position of the total station. It was 
important here that we had sufficient connection with the satellites 
so that we did not get the wrong coordinates. This can be 
controlled by the symbol in the upper left corner of the field book, 
the symbol must be a small circle around the center of a cross 
(Figure 22).  

It was also important that we determined the position of the total 
station and the arbitrary point used for orientation in advance so 
that they were not positioned below the high-voltage lines. This is 
because the high-voltage lines can cause possible disturbances 
due to their electromagnetic field. We are not sure about this 
subject because we have not found a clear source of information 
about it, so we have taken the precaution and placed the device 
far enough away from the tower.  

To determine the coordinates of the position of the total station 
and the arbitrary point used for orientation, we placed the Leica 
Viva GS14 perpendicular to the position of the total station and 
after that above the arbitrary point and measured it with the 
device.  

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 21: measuring  
of a point 
 

Figure 22: Symbol for fix solution (obtained using CPOS) on the  
Leica Viva CS10 
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3.3.1 Coordinates integration in model 

After we registered the models, we placed the point clouds in the UTM coordinate system 
by linking the measured points to the corresponding points in Cyclone. At least 3 points 
are needed, 2 to get the correct orientation in the coordinate system and 1 to check if 
the point cloud is correctly oriented.  

The 2 points to determine the orientation can be located at a distance from each other 
so that the orientation can be more accurately determined (Figure 23). 

Cyclone works with a right-handed system, so north and east have to be exchanged to 
get the right system. That's why we had to switch the X and Y values in our calculation 
to calculate the angle. In the table you can find the coordinates that we got from the 
program of the total station (Appendix G), so they are still in the wrong system. In the 
sketch, the coordinates are already in the right-handed system (Appendix G). 

To determine the Azimuth point, we have to calculate the angle between a reference 
point (point 1) and the other point (point 2) of which we have the coordinates already 
available. So we will rotate point 2 against point 1. This angle is then filled in at azimuth 
point. The calculation behind this can be found in Appendix G. 

The other points are used in Cyclone to check whether the georeferencing of the cloud 
has been successfully completed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: 1 reference point & 2 Azimuth point (Cyclone) 

Figure 23: Coordinate system  
from pick point (Cyclone) 
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3.4 Cloud to cloud comparison 

After we have registered our data and placed them in the correct coordinate system, we 
started to compare them with each other. We did this with the help of CloudCompare. By 
selecting two different point clouds and using the 'compute cloud/cloud distance' function, 
we can easily overlay the clouds. One point cloud is set as 'reference' while the other one 
is set as 'compared'. The point cloud with the most size, the largest, is used as a 
reference. The compared point cloud is the cloud that we have used to make the 
comparison with (Figure 25). It is important to find the correct maximum distance 
between the points (Figure 26). Next, the differences in the point clouds are made very 
clear by color differences between each other.  

 
 

 

 

 

 

 

 

 

 

Figure 26: Settings menu (Cyclone) 
 

Figure 25: Compared, Reference section 
(Cyclone) 
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4 Results  
In this chapter you can find the results obtained by scanning as well as the comparisons 
between certain techniques. We will compare the different data we obtained with the 
laser scanner with each other and also with data from Høydedata and a photogrammetric 
data collected using drones.  

4.1 Accuracy of the models  

Registering the model and placing it in the correct coordinate system had important 
consequences for the accuracy of the point cloud. After the registration of the data 
without snow from the laser scanner there was an error of 0,004m, the data with snow 
had an error of 0.008m (Appendix H). The data with snow is less accurate because we 
only used two scan stations in comparison with the two scanning stations we used to 
measure without snow. On this point the laser scanner was really accurate but after we 
georeferenced the point cloud we recalculated the error. By calculating the average error 
of six known points we found that the error was 0.018m (Table 1). The reason of this 
larger error is the way of georeferencing we used, if we had used a better technique (e.g. 
with using the targets) the error would have been smaller.  

The error on the laser scanner itself is 3mm at 50m & 6mm at 100m, so if we add all 
these errors together we have a total error of 0.025m at 50m or 0.028m at 100m. 

X Y Z 
Point 1 0,040 0,001 0,014
Point 2 0,001 0,022 0,023
Point 3 0,030 0,028 0,007
Point 4 0,005 0,010 0,027
Point 5 0,000 0,000 0,000
Point 6 0,016 0,091 0,014

0,018Average =  

Table 1: Error on certain points 

4.2 3D model  

4.2.1 Comparison snow 

In the figure below we can see a comparison between two point clouds scanned when 
there was snow and when there was no snow (Figure 27).  

In the diagram (Figure 28) we get an overview of how many points there are which have 
a certain distance between them. The blue parts of the drawing indicate points that 
appear in both drawings and are very close to each other. Here we see that both scans 
measured the electricity pylon accurately.  

The green color shows you where the different point clouds have matching points but 
with a distance of about 6-30cm between the points. This can be distinguished as the 
points where snow was still on the ground during the measurements.  

The red color shows parts of the data that we did not receive during the measurement 
without snow. The black/grey part is the part where we didn't scan with the first 
measurement because we only had 2 stations installed.  This is because of the hilly terrain 
so the laser did not hit every part of the terrain. That is why it is important to have 
multiple scanning stations, in order to be able to cover as much terrain as possible. 
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Figure 27: Comparison between measurement with & without snow (CloudCompare) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28: Diagram overview points of comparison between 
the 2 clouds 
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4.3 Comparison of Høydedata  

The two biggest differences between these 
point clouds are the pylon and the terrain 
(Figure 30,31). As you can see, the pylon is 
much clearer on the point cloud scanned with 
the laser scanner than on the point cloud of 
Høydedata (scanned with a helicopter or 
airplane). The terrain in Høydedata is much 
clearer than the terrain we scanned with the 
laser scanner. This is because the measuring 
device (Figure 29) has a better range from 
above and the laser scanner cannot reach 
every point through the hilly area with the 
laser. The helicopter or airplane that’s been 
used to scan the area scans perpendicular to 
the ground, which why the electricity pylon is scanned so badly.  

 

Below you can find a comparison of cloud to cloud-distance between the cloud of the 
laser scanner and the cloud of Høydedata (Figure 32). The red color in the figure means 
that it is not visible in either point clouds. In the point cloud of Høydedata the tower is 
not visible and you can clearly see this in the figure. 

The blue and green parts show the points that are visible in both point clouds. The blue 
color are the points that are not very far apart from each other, between 0-12 cm. The 
green color is for points that have been scanned but where there is a larger distance 
between the different point clouds, this is from 12-50cm.  

The black and grey color in the point cloud is the part that we didn't scan with the laser 
scanner but that is visible on Høydedata.  

It is therefore clear that with a helicopter a much better scan can be made of the terrain 
and with the laser scanner a more detailed scan of the pylon. 

In this diagram (Figure 33) we can clearly see the amount of points that match and the 
amount that do not match at all.  

Figure 29: Way of scanning with a plane 
(http://gmv.cast.uark.edu) 

 

Figure 31: Point cloud own measurement with a  
terrestrial laser scan data (Cloudcompare) 
 

Figure 30: Point cloud Høydedata  
(Cloudcompare) 
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Figure 33: Diagram overview points Høydedata & own measurement 
with terrestrial laser scan data 

Figure 32: Comparison between own measurement with terrestrial laser scan data & Høydedata  
(CloudCompare) 
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4.4 Comparison drone scanning  

In this section you can find a comparison between the laser scanner and the drone in 
terms of usability, technical specifications and the data scanned with both devices. 

4.4.1 Practical experiences  

There are not only differences between the drone and the laser scanner in terms of 
scanning and the data you get, there are also some practical differences. The laser 
scanner takes a lot more time to scan an area than the drone scanner. When we look at 
the equipment that we need to measure (Table 2), the drone scanner is far more easier 
to handle than the laser scanner. Especially in an area like the one where we have been 
measuring, it is not that easy to get all the materials from the laser scanner on site. If 
you make a mistake with the drone, it is not that difficult to go back, but with the laser 
scanner it takes more effort.  

Drone scanner Laser scanner 

1 drone scanner 1 laser scanner 

1 RTK station 5 tripods 

3 gcp's 1 totalstation 

 3 targets 

 1 GNSS system 

 1 prisma 

 1 jual pole tripod 

 1 jual pole 

Table 2: Comparison of list of materials 
 

4.4.2 Comparison devices   

There are some technical differences between the laser scanner and the drone. After the 
registration of the data without snow from the laser scanner there was an error of 
0,004m. On this point the laser scanner was really accurate but after we georeferenced 
the point cloud we recalculated the error. By calculating the average error of six known 
points we found that the error was 0.018m. The reason of this larger error is the way of 
georeferencing we used, if we had used a better technique (e.g. with using the targets) 
the error would have been smaller. For the drone, it is recommended to fly higher and to 
use larger overlaps. A frontal overlap of 85% and a side overlap of 70% is recommended. 
Camera settings should be adjusted to get the highest possible contrast. The error 
produced is highly dependent on the settings of the drone, and the used software. The 
error of the drone after georeferencing is approximately 0.063 m. This error stems from 
a combination of the georeferencing technique and the process of generating the 
pointcloud. (This comparison is made in collaboration with Andreas Verheyden, Thomas 
Jonckheere and Sil Gevaert) 
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4.4.3 Comparison data  

If we compare the 3D model of the drone with the one of the laser scanner, there is a 
clear difference between the both point clouds. The total scan of the laser scanner 
(Figure 34) has a much smaller area than the scan of the drone. The drone also has a 
much better scan (Figure 35) of the terrain than the laser scanner because the drone 
can see everything clearly from above and the laser scanner cannot see certain parts 
due to the hilly landscape. But if we look at the electricity pylon there is also a clear 
difference here, but this time the laser scanner comes out as the better one. On the 
point cloud of the laser scanner the electricity pylon is clearly visible (Figure 36), even 
parts of the electricity cables are visible. If we look at the point cloud (Figure 37) of the 
drone, we have to make an effort to get a picture of the electricity pylon because there 
are very few points visible.  

 

 

Figure 34: Total scan laser scanner without snow (Cloudcompare) 
 

Figure 35: Total scan drone without snow (Cloudcompare) 



29/05/2019 B23 BYG150-1 19V 

HVL Thesis Laser scanning Statnett  26 

 

 

Figure 36: Zoomed in picture of the electricity pylon from the laser scanner (Cloudcompare) 
 

Figure 37: Zoomed in picture of the electricity pylon from the drone (Cloudcompare) 
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5 Discussions 

5.1 Georeferencing  

The georeferencing can be carried out on different methods, we have tried out two of 
them.  

- GPS on the position of the targets and in this way determine the coordinates, it is 
important that the target is mounted on a tripod where afterwards the GNSS can 
be screwed on. 

- The second method is to determine the coordinates based on a total station and 
GNSS. This is clearly explained in the method but instead of the arbitrary point 
on the pylon, we take the targets as points. This method is most accurate because 
it takes the targets as known points after they are measured accurately with the 
laser scanner.  
 

By facing some problems during the execution of these methods, we have not been able 
to execute them correctly. As a result, we had to look for another technique in order to 
determine the coordinates of the electricity pylon.  

The scans with the laser scanner were quite successful, so it was not necessary to take 
back all the equipment a third time. We went back with only the total station and the 
GNSS. The problem with this technique is that this georeferencing is less accurate than 
the way you do it with the targets. It is difficult to indicate the perfect point in Cyclone 
so there is often a difference here. In total we had an error of 25mm on 50m and 28mm 
on 100m, of which 18mm is due to georeferencing. If we had used the method with the 
targets and the total station, this would have been less. This is important to know so that 
next time we can use the correct method and get a more accurate result.  

5.2 Laserscanner vs drone  

The photogrammetry scan from the drone is better to scan a hilly terrain than a terrestrial 
laser scanner because the drone scans from above and can get a clear picture of 
everything while the laser scanner scans from a certain point and thus misses a large 
part of it. A laser scanner is a lot better to scan an object in great detail based on certain 
settings. In order to scan the pylon, we have chosen to fine scan it for a better quality of 
the point cloud. In order to get a complete picture of the tower, it is necessary to scan 
from several scanning stations. 

The drone is less good when it comes to scanning the tower because it scans downwards 
in a straight line and therefore does not touch all corners of the tower. The group that 
writes the thesis about the drone tried to get a better picture by flying around the tower 
with the drone, but this still didn't give an accurate picture. 

If people are more interested in terrain with a large surface area, it would be better to 
choose the drone because it has a much larger range than the laser scanner. If you need 
a more detailed scan of an object, it is better to go for a laser scanner. 
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6 Conclusion 
For Statnett, we went to see which method is the most efficient for measuring high-
voltage pylons. We compared 3 different techniques: a terestrial laser scanner, a drone 
using photogramatry and a Norwegian website, Høydedata, using the Lidar in the air. We 
have paid attention to detail, accuracy, coverage and efficiency.  

For scanning objects it is good to use a laser scanner because it can scan difficult shapes 
in much more detail than a drone since you can make a fine scan from multiple positions. 
For a hilly terrain or a large area it is better to use a drone because it has a larger range 
and thus creates a better image.  

If we compare measurements of the laser scanner with those of Høydedata, we can 
conclude that the laser scanner is better for mapping the electricity pylon and that 
Høydedata gives a better picture of the terrain. This is due to the fact that Høydedata 
only gets an image from the air and the laser scanner can scan the pylon from different 
positions.  

It is also important to scan from multiple stations to keep the accuracy as low as possible, 
because when we were scanning with snow we only scanned from 2 stations and the 
error is much bigger than without snow because there we scanned from 4 stations. The 
difference on this error is 4mm.  

To orientate the point cloud in the world coordinate system it is best to use the total 
station and the GNSS because the accuracy is much higher than just using the GNSS. To 
get the accuracy of this even higher than we did in our results. It is important to make 
measurements at the same time as laser scanning so that the same target is used. 
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 Appendix A: Photos from the test site 
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Appendix B: Leica P20 datasheet 
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Appendix C: Leica Viva GS14 - GNSS Smart antenna 
datasheet 
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Appendix D: Leica TS13 datasheet 
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Appendix E: Scan plan 
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Appendix F: Safety and risk evaluation plan    
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Appendix G: Calculation Azimuth point & coordinates 

ID X  Y  Z 

P1 6692863.012 303648.044 441.322 

P2 6692862.467 303648.070 441.321 

P3 6692862.463 303648.663 441.316 

P4 6692863.223 303652.252 441.325 

P5 6692862.749 303652.277 446.637 

P6 6692872.758 303649.950 469.854 
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Appendix H: Error registration with snow 
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Appendix H: Error registration without snow 
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