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Sammanfattning

Med den stora pagaende energiomstéllningen i Sverige ser Svenska Kraftnat (SVK) ett stort
behov av investeringar i det svenska transmissionsnéatet och stddjande IT-system.

SVK har en stor méngd insamlade laserdata dver transmissionsnatet, men dessa data
innehaller inte ndgon semantisk tilldelning som kan analyseras i bredare
informationssystem. Det 6vergripande fokuset i detta arbete ar att undersodka satt att
forbattra ett informationssystem.

Detta examensarbete fokuserar sarskilt pa mojligheten att kombinera information fran stolp-
3D-BIM-modeller med punktmoln av stolpar insamlade via en flygburen laserskanner.
Punktmolnsdata fran en 200 kilometer lang kraftledningskorridor mellan Djurmo och
Lindbacka, inklusive ledningsstolpar, tillhandahdlls av SVK.

Tva olika metoder for att sammanstalla olika datatyper till ett enda informationssystem
undersoks i detta arbete. Den forsta metoden etableras genom att matcha olika typer av 3D-
modeller av stolpar med respektive referens-punktmoln med hjalp av algoritmen Iterative
Closest Point (ICP). De stolpmodeller som anvandes for denna metod var S1J-, B1J- och
SV2J-stolpar.

Den andra metoden baseras pa segmentering av meningsfulla stolpdelar fran
punktmolnsdata med hjalp av fordefinierad information om stolparnas utformning.
Stolpmodellerna som anvandes fér denna metod var S1J- och B1J-stolpar.

Malet var att automatisera processen och extrahera information samt utfora berakningar
dynamiskt. Detta har gjorts med hjalp av Feature Manipulation Engine (FME).

Resultaten utvarderas genom att jamféra de tva metoderna baserat pa prestanda,
tillférlitlighet och syfte.

93 % av ICP-jamforelserna visade att den basta matchningen mellan en punktmolnsmodell
och en 3D-modell uppnaddes nar man jamférde modeller av samma stolptyp. Punktmolnet
for en S1J-stolpe visade den hdgsta noggrannheten nar det jAmfordes med en 3D-modell av
samma stolptyp. Den hdgsta noggrannheten uppnaddes nar punktmolnet fér en S1J-stolpe
jAmférdes med 3D-modellen av en S1J-stolpe.

Segmenteringsmetoden anvandes for att framgangsrikt segmentera balk, isolatorer och ben
fran punktmolnet. Ett litet urval av stolp-punktmoln samt ett Iagt antal olika 3D-modeller av
stolpar anvandes men bada metoderna kan ses som ett “proof of concept” som kan
utvarderas ytterligare i framtiden.

Sammanfattningsvis anvandes bada metoderna i detta projekt framgangsrikt for att forbattra
ett kraftledningsinformationssystem.
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Abstract

With the great ongoing energy transition in Sweden, Svenska Kraftnat (SVK) sees a huge
need for investment in the Swedish transmission network and supporting IT- systems.

SVK has a great amount of collected laser data over the electric power transmission network
however this data does not contain any semantic attribution that can be analyzed on broader
information systems. The overall focus of this thesis is to investigate ways to enhance an
information system.

This thesis focuses particularly on the ability to combine information from pylon-3D-BIM
models with point clouds of pylons gathered via an airborne laser scanner. Point cloud data
from a 200-kilometer-long power line corridor between Djurmo and Lindbacka, including
pylons, was provided by SVK.

Two different methods to compile different data types to a single information system are
investigated in this thesis. The first method is established by matching different types of
pylon 3D-models to the respective reference point clouds using the Iterative Closest Point
algorithm (ICP). The pylon models used for this method were S1J, B1J and SV2J pylons.
The second method is based on segmentation of meaningful pylon parts from the point cloud
data using predefined information about the shape of the pylons. The pylon models used for
this method were S1J and B1J pylons

The goal was to automate the process and extract information as well as perform
computations dynamically. This has been done using Feature Manipulation Engine (FME).
The results are evaluated by comparing the two methods based on performance, reliability,
and purpose.

93 % of the ICP comparisons showed that the best match between a point cloud model and
a 3D-model was achieved when comparing models of the same pylon type. The highest
accuracy was achieved when comparing an S1J pylon point cloud to an S1J pylon 3D-
model.

The segmentation method was used to successfully segment the beam, insulators and legs
from the pylon point cloud data. A small sample size of pylon point clouds as well as a low
number of different pylon 3D-models were used but both methods can be seen as a proof of
concept that could be further evaluated in the future.

In conclusion both methods used in this project were used successfully in order to enhance
a power line information system.
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1 Introduction

1.1 Background

In recent years, partly as a result of industries switching to more sustainable solutions, there
has been a surge in electricity needs in Sweden. This has put a lot of pressure on Sweden to
ensure the maintenance and reliability of the existing power grid as well as expand the
existing electricity transmission network. Currently the Swedish transmission network
contains about 16000 km power lines and 175 transformation stations, and a big part of the
network is at the end of its lifetime [1]. Svenska Kraftnat (SVK) has a plan to invest 100
billion SEK in the Swedish transmission network within the next 10 years [2] in order to adapt
to the shift in electricity needs. One of the goals of the investment is to reduce the time it
takes between deciding on a new power line and having it up and running [2]. An important
aspect in order to improve processes is enhancing data flow, data handling and data
integration between different systems. Another important part of the investments planned by
SVK is to increase the internal effectiveness within their IT-organization through
digitalization, automation and new IT-solutions [3].

Through integration between Geographical Information Systems (GIS) and Building
Information Modeling (BIM) it is possible to streamline data flow and data handling within an
information system. This type of integration provides a strong support for sustainable
construction, planning and management. Combining data integration, different technologies
for analysis and management has proved to be very useful in recent years, both when it
comes to development and industry practices [1][4].

Integration between GIS and BIM can be used in order to increase the efficiency of data
handling within a pylon data information system as well as help visualize the pylon
population in the SVK transmission grid. Instead of using separate systems for 3D pylon
models and geographical representation of the transmission grid it would be beneficial to
provide geographical data as well as provide attribute data and 3D-representations of the
pylons in an automated process by combining different data sources.

A conceptual design for the enhancement of such an information system can be seen in
Figure 1.
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Figure 1: Conceptual design for enhancement of a power line information system

This thesis investigates the possibility to classify power line pylons in LiDAR data by
comparing them with 3D-pylon mesh models using the iterative closest point algorithm (ICP).
This thesis also investigates ways to represent the pylons geographically by using set
parameter values to segment different pylon parts from the LiDAR data. The aim is to
automate both processes.

1.2 Research objectives

The aim of this thesis is to investigate ways to enhance an information system by combining
BIM and LiDAR data. In order to do this, the goal is to perform, automate and evaluate two
different methods:

¢ Pylon model to point cloud alignment and registration using ICP
e Semantic segment extraction of pylon parts using point cloud and attribute data

The goal is to perform dynamic computations and to create an automated workflow.
Evaluation of the methods are based on performance, reliability and purpose.

1.3 Scope and Limitations

The project is limited to the two methodologies: semantic segment extraction and ICP
registration with the intended goal of enhancing a power line information system. The project
is limited by the data provided by SVK and the focus will only be on the utilization of three
different pylon models, B1J, S1J and SV2J.

The project is time limited to one semester equating to 30 HP.



2 Theory

In this section background information about GIS, BIM, LiDAR, point cloud registration using
ICP and object segmentation as well as relevant studies within the area of this project will be
presented.

2.1 GIS and BIM

GIS and BIM are two technologies created for different purposes with different strengths and
weaknesses. GIS has features purposely made to focus on environmental and geographical
relations whereas BIM is an object-based information model specializing in handling specific
assets — such as a specific building [5].

Working with GIS can have many different benefits for SVK. It is a vital tool for decision
making and communicating ideas such as where to locate pylons or to find bottle necks
within the transmission network. BIM on the other hand can be used by SVK to better
visualize three-dimensional building properties such as pylon parts.

Combining BIM and GIS makes understanding geographical interaction and relation
between objects visually clearer, more efficient and less time consuming.

2.2 Light Detection and Ranging

Light Detection and Ranging (LiDAR), is a remote sensing technology that emerged in the
1960s [6]. By emitting light pulses, LIDAR sensors measure the time it takes for the signals
to reflect off objects, allowing for precise range measurements. LIiDAR surpasses other
remote sensing technologies in terms of positional accuracy. For example, when creating a
Digital Terrain Model in a forested area the difference in accuracy between LIiDAR and
photogrammetry is noticeable as LiDAR can reach the ground through vegetation while
photogrammetry is limited by vegetation covering the ground [7].

Its high precision, cost-effectiveness, and ability to collect data without physical contact
makes LiDAR valuable for object recognition, modeling, and various applications [8]. An
additional advantage of LIDAR is its ability to operate independently of external light sources
and making it suitable for night-time or low-light conditions [9], however depending on the
application, consideration for cloud cover and other weather conditions may be necessary.

LiDAR, also referred to as laser scanning, can be categorized based on three primary
scanning techniques: terrestrial laser scanning (TLS), airborne laser scanning (ALS), and
mobile laser scanning (MLS), with ALS being the most used [10] [11]. Each acquisition
method has its own strengths and weaknesses, catering to different application areas so it is
crucial to choose the most appropriate acquisition method. TLS and MLS are more similar
since they have similar scanning geometry outputs and are both suitable for capturing
objects from a side view angle. This could be for example walls of structures, such as



buildings or bridges, or interior environments like inside buildings or tunnels. In contrast,
ALS, as the name implies, provides a bird's-eye view of the geometry. MLS can achieve
higher resolution data compared to ALS but is limited to scanning along the trajectory of the
vehicle that the scanner is attached to. In practice this means that the resolution decreases
as the target object moves farther away from the mobile laser scanner. ALS on the other
hand can cover larger areas while maintaining a consistent point density. TLS, while able to
perform scans with a high resolution and a consistent point density, has the downside of
being a stationary method which makes scanning multiple objects or objects from different
points of view more time consuming [10].

2.3 Point Cloud Classification

The LiDAR data acquired through the laser scanning process is typically represented as
point cloud aggregates, which can range from only basic 3D-coordinates to include
additional information such as point color, intensity of the light signal, and normal vectors [9].
Point clouds are inherently simplistic ways to store information. In order to extract more
detailed information at a higher level more effective processing methods are required. There
are many different ways to further process LiDAR data, two concepts within point cloud
processing are segmentation and classification. [12]

Segmentation involves dividing the point cloud into segments based on shared properties,
such as spatial relationships. Classification, on the other hand, involves assigning labels or
object classes to points within the point cloud. These concepts can be combined in semantic
segmentation, where each point is assigned a label based on its segment [12]. The
expression semantic segmentation and point cloud classification are often used
interchangeably to mean the same thing [12]. There are different Al methods including
machine learning that utilize segmentation and classification [12] but there are also other
possible approaches that can utilize these two methods.

One possible approach is to segment and label points based on different value parameters
determined by the user. This methodology requires manual assessment made by a user
which could include assumptions such as number of segments, segment dimensions, object
orientation as well as segmentation based on contextual information.

While a common application of manual segmentation of point clouds is to determine outliers
and irrelevant data from other close objects [13] no relevant literature could be found where
point cloud classification was performed automatically using predefined parameters set by a
user. Using predefined information about the shape of pylons - this method can be applied to
segment pylon parts of interest.

There are different ways to represent segmented 3D-objects such as pylon parts. One way
to represent objects is through parameterization. Parametric representation of an object
differs from non-parametric representation in that the object is described by its parameters.
For example, a cuboid can be described by its start and end points, its radius and its axis.
Whereas a non-parametric representation of the cuboid can be represented without
parameters but instead by a mesh for example made up of triangles.



There are a wide range of different power line pylon types in the Swedish electricity
transmission network. Some of the more common ones are A — pylons, B — pylons and
Christmas tree — pylons [14]. When distinguishing different pylon types there are multiple
factors to take into consideration. For example, A and B pylons look very similar, but A
beams have support wires connected to the horizontal beam while this is usually not the
case for B - pylons. Another factor to consider is that some measurements for a specific
pylons type may vary. For example, the length of the pylon legs is dependent on the
distance to the next pylon in the network [14] and could also vary depending on the terrain
[15].

All these factors need to be taken into consideration when defining the parameters that will
be used in order to classify the point cloud data.

2.4 Automation

A way to improve the efficiency of an information system can be by automating steps in the
systems process workflows. For this thesis automating steps in a process workflow means
that the workflow is set up in such a way so that the steps are performed one after another
by a computer, eliminating the necessity for human intervention.

There are multiple possible benefits of doing this. By having a workflow with automatic steps
already set up it is easy for a user to run a workflow again just by pressing a button for
example. This is time efficient if some part of the process needs to be adjusted or if the
process is to be repeated with different parameter values. Also, by not requiring user input,
an automated workflow allows the user to perform other tasks while the computer is
performing the automated process.

2.5 lterative Closest Point method

The Iterative Closest Point method is a fine registration method, registration meaning
matching of two objects. in the case of this thesis registration infers fine alignment of a point
cloud with a mesh model, using the point cloud as a reference.

Lots of studies exist where the ICP method is used in order to match two different objects,
most commonly point clouds. For example, in a study of surface change detection using
laser scanners where different registration methods including ICP in the software
CloudCompare was evaluated [16]. However, no study could be found where ICP was used
in order to compare reference objects to different models and use the resulting root mean
square error (RMSE) values in order to determine the best model match and classify the
reference object. In order to perform this matching process, the same general ICP process
as for any other ICP matching process can be applied.

In order to be able to use this tool the two models need to be roughly aligned. There are
different ways to align the two models, for example by matching sample points between the
models or by using rotation and translation tools.



When the models are roughly aligned the ICP tool can be used [17]. The ICP algorithm
works as follows:

The first step is the computation of the closest point to the mesh model for each point in the
reference which in this case is the point cloud.

Next is the computation of the transformation matrix that gives the minimum root mean
square error (RMSE) also known as root mean square distance (RMSD) for the distance
between all point pairs.

With the transformation matrix computed the third step is to apply the transformation.

All three steps are iterated until a threshold RMSE value is met [18].

Some software, such as CloudCompare, only allows registration of one object to another at
a time when performing the ICP process which means that all the steps above are repeated

for each object-to-object comparison [17].

In the context of point cloud registration, the RMSE value can be described as the root of the
squared sum of all point pair distances divided by the total number of point pairs (nearest

neighbors), see Equation 1 below.
RMSE = f—?ﬂ(doz
n

1)
RMSE ... root mean square error
d; ... distance between point p; and p;
n ... number of point pairs

In order to find the closest point in the model for each point in the reference object the

distance between each such point pair is calculated using Euclidean distance as seen in

equation 2 below.

di = /(2 = x)% + (v, —y1)? + (22 — 21)?
X1,V1,7; - coordinates of point 1, X3,¥V2,Z5 ... coordinates of point 2
d; ...euclidean distance

(2)

The Euclidean distance can also be computed between a point and the closest point on a
parametric entity such as a mesh model [17].

The calculated RMSE value can be used as reference for the level of match between objects
using ICP based methods [16] [19]. This calculated value is utilized in this study in order to
classify the reference point clouds.



3 Study Area and Data Description

The study area is an approximately 200 km long power line corridor between Djurmo and
Lindbacka containing a total of 254 power line pylons. The pylons are all high voltage 400 kV
electricity transmission pylons made of steel. The point cloud data available for the study is
LiDAR data containing ground points and the power line pylons located within the powerline
corridor. The data was collected in one dataset using airborne laser scanner from a
helicopter and stored in the SWEREF99 reference system. The LIDAR data has been
preprocessed to only contain pylon points. Each pylon contains between 500 and 8000 laser
points.

Three different 3D-models are used in this study. They are BIM-meshes made to resemble a
B1J, S1J and an SV2J pylon. The meshes created were made using the LIDAR data from
SVK as reference.

For the semantic object extraction method, the pylon parts of interest are the legs, beam and
insulators which can be seen in Figure 2.

Powerline Segment Of Interest : | ﬁ

- Powerline ;

0 10 20 30 40 km
| I ]

Figure 2: A map of the study area north of Orebro in Sweden, between Djurmo and
Lindbacka
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4 Data Processing

4.1 Software and functions

In this segment the two different methods are explained in detail. In addition to the data
processing explained further, other important tasks have also been performed while



conducting this thesis. These tasks include examining data sets, investigating and learning
how to use suitable software, and, most notably, the time-consuming investigation of
literature within the subject.

The project is set up in such a way that both methods that are presented below are run
through a single script in Feature Manipulation Engine (FME) where the different sub
processes can be run automatically.

Other options for automation exist, such as running a script in python. However, an
advantage with FME is that it is a powerful tool when it comes to data conversion and
translation and has lots of features designed in particular for handling spatial data and BIM-
GIS integration [20][21].

One of the goals for this project was to create a workflow that utilizes dynamic computations
meaning that variables are used instead of constants for computations within the process.
This is possible to take into account when creating an FME-script.

4.1.1 Iterative Closest Point algorithm

The point cloud data used in this project was processed using CloudCompare, an
independent open-source software well suited to process three-dimensional point clouds as
well as handling meshes and objects [22]. Another benefit of CloudCompare is that a lot of
available functions in the software can be run using command line mode [23], meaning that it
is possible to automate many processes.

As mentioned in chapter 2.5, in order to be able to use the ICP-process in CloudCompare,
the two models that are to be compared needs to be roughly aligned. CloudCompare
provides an align tool for rough alignment which utilizes subsampling of points where the
user manually picks out points that should align from the two models [17].

Alignment can also be done using other software, in this project alignment between point
cloud and mesh model was performed in FME using rotation and translation tools before the
data sources were imported into CloudCompare.

Because of the lack of and quality of 3D models found that resemble the different pylon
types in question it was decided to create 3D models (meshes). A suitable software to create
these meshes is using Rhino. The Pylon models were made to resemble Swedish pylon
models B1J, S1J and SV2J and can be seen in Figure 4 below.
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Figure 4: From left to right: S1J, SV2J and B1J pylons

Figure 5 below shows a flowchart of the different steps in the process of performing the ICP
algorithm. As can be seen in the flowchart, two different datasets were derived from SVK,
one containing the transmission grid point cloud data and one containing attributes and
coordinates in tabular form for pylons between Djurmo and Lindbacka. These two datasets
are imported into FME and the following steps in the flowchart are performed in an FME-

script.

As mentioned in the data description and seen in the flowchart below, the transmission grid
point cloud data has been preprocessed to only contain pylon points. Points that have been
filtered out include vegetation and power lines.

By matching the geographical location of the pylon LiDAR data to the coordinates given as
attributes in the tabular data, the pylon attributes are joined to each individual pylon point

cloud.

In the 3D-modeling software Rhino the three different pylon mesh models are created. They
are imported into FME in the .obj format and used further in the process as seen in the flow

chart.
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Figure 5: Overview of the data processing for the ICP method (mesh model .obj format)

The iterative part of the process starts from the two diamond-shaped steps labeled “Choose
Model” in the flowchart. These options are presented as pop-up user parameter decisions in
the FME-script as seen in Figure 6.
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Figure 6: Model decision window in the FME-script

The next steps are performed automatically when running the FME-script.

After the point cloud models and 3D-model have been chosen a number of 3D-model pylon
clones are created matching the number of pylon point clouds. The clones are aligned to
match the position of the pylon point clouds as seen in Figure 7 below. If necessary, the 3D-
models are also scaled to roughly the same dimensions as the point cloud of comparison.
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Figure 7: Alignment: 3D-model offset and rotated in order to align with point cloud

The next step was to determine the match between the point cloud and the different 3D-
model types. The goal was to see if a specific point cloud matches the specific pylon type of
the 3D model. This was performed using CloudCompare in the FME-script with the system
caller transformer in order to automate the process. This transformer automatically opens a
CloudCompare instance in command line mode, runs the ICP process with the selected
point cloud and 3D-model and gives the resulting RMSE-values.



For the ICP process the point cloud is always used as reference since the 3D-model is the
one being matched to the point cloud. The option to ignore outliers in the computation is also
used in order to yield better results.

The match between a point cloud and a 3D model is determined by looking at the RMSE
value (Root Mean Square) expressed in meters. An example of this part of the process can
be seen in Figure 8 below.

Point Cloud
Model ?

A 4 \ 4 Y

3D-model B1J 3D-model S1J 3D-model SV2J

RMSE = 0.2

Figure 8: An example where a point cloud model type is determined to be a B1J pylon

After the pylon type of a point cloud has been successfully determined the registered 3D-
model of the same type is enhanced with semantic information about the pylon which
includes, total height, height to beam, rough outline, ID, center position and model type.

These attributes can then be imported into a GIS where the pylon would be represented
either as a point or as the simplified model in order to easily get an overview of the entire
pylon stock within the study area with corresponding attribute values for the individual
pylons.

4.1.2 Semantic Object Extraction

The first step of the semantic object extraction was to determine critical points in the point
clouds. This was done by looking at the literature and by receiving expert opinions. From a



conversation with GIS coordinator Marcus Liljeberg at SVK [15] some different pylon parts
were decided to represent the pylons. These semantic pylon parts were the legs, beam and
insulators. With these parts extracted in three dimensions a rough resemblance of the pylon
would be achieved.

Multiple steps were performed in order to extract pylon segments from the point cloud data.
The same point cloud data was used for this method as the point cloud data used for the ICP
method. Figure 9 below shows a flow chart with the different steps performed in the
semantic object extraction method. In the same way as the ICP method the transmission
grid point cloud data has been preprocessed to only contain pylon points.
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Figure 9: Overview of the data processing for the volume creation method



As seen above the pylon attributes in tabular form are matched by location and attached to
the point cloud pylons. After that the three different pylon segments are extracted. A detailed
flowchart of this part of the process can be seen in Figure 10 below.
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Figure 10: Volume creation in more detalil

Absolute values for height ranges from the pylon cap to the beam as well as the beam to
the bottom of the legs and the beam to the bottom of the insulator chains are extracted by



comparing the highest and lowest points of the different parts. A combination of two- and
three-dimensional computations are performed in order to extract these extreme values.

A two-dimensional hull without a height value is created in order to find the beam centerline,
length and edges. The centerline vertices are used as the center of two-dimensional buffer
areas in order to find and separate insulators which are typically located close to the beam
edges. The pylon legs are identified and separated using two-dimensional buffers in a similar
way.

The buffer areas are determined in such a way so that all points of the object segment of
interest are included. Because there is a significant distance between insulators and legs on
a typical pylon (as seen in Figure 3) insulators and pylon legs are separated and extracted
successfully using this method without interfering with each other.

After the pylon legs, pylon insulators and pylon beam point cloud points have been
determined volumes for these object segments are created using the different segments x-
and y-enclosing area and absolute height values determined earlier in the process.

The resulting three-dimensional pylon segments are put together in order to represent whole
pylon models. The different part dimensions as well as other attributes of interest are
attached to the pylon models. The results from this method can be seen in chapter 6.2
semantic object extraction.

4.2 Evaluation Criteria

After obtaining the results from the two different methods that were performed, the last step
was to evaluate the results. There are earlier studies where point cloud registration methods
are evaluated based on accuracy and efficiency using RMSE and standard deviation values
as reference for comparison [19] [24] but the two methods chosen for this thesis were quite
different in multiple aspects which made them hard to compare directly.

Although both methods had an end result of enhancing an information system it would be
difficult to perform a purely quantitative analysis in order to accurately compare the two
methods. Instead, in order to get a meaningful comparison between the two methods a third
criteria called purpose has been added in order to get a more qualitative result.

Three different criteria were decided on in order to evaluate the two different methods.
Performance: Is evaluated based on speed of data processing as well as level of automation
Reliability: Is evaluated based on result accuracy and precision

Purpose: Is evaluated based on when and how the method would be suitable to use

The evaluation of the results can be found in chapter 6.1.1



5 Results

In this segment results from the ICP method as well as the semantic object extraction
method are presented.

5.1 Point Cloud Classification using the lterative Closest Point
Method

As mentioned earlier three different 3D-Models for different pylon models were made using
Rhino. The Pylon models made were of type B1J, S1J and SV2J. The corresponding point
clouds used for analysis can be seen in Table 1.

Table 1: Number of clouds of the different models

Cloud Model Unique Clouds
B1J 3
S1J 20
SV2J] 4

Graphs showing the resulting RMSE value when performing the ICP process with the three
different point cloud model types can be seen in Figure 11 through 13.
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Figure 11: Resulting RMSE values from ICP process with B1J point clouds

RMSE for SV2J Point Cloud Model Type
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Figure 12: Resulting RMSE values from ICP process with SV2J point clouds
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Figure 13: Resulting RMSE values from ICP process with S1J point clouds

With a few exceptions, Figure 11 through 13 above shows that lower RMSE values are
observed when the ICP process is performed between 3D-models and point clouds models
of the same pylon type. This general consensus is also observed looking at the average
RMSE outputs in table 2 and Figure 14 below.

Table 2: Average RMSE values for the different model-cloud combinations

3D-Model Type

Point Cloud Type

Average RMSE (m)

B1J B1J 0,27
Sv2] B1J 1,33
S1J B1J 0,30
SvV2] Sv2] 0,24
B1J Sv2J 0,33
S1J Sv2J 0,25
S1J S1J 0,29
B1J S1J 0,46
Sv2] S1J 0,45




Average RMSE value for all comparisons
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Figure 14: Average RMSE values for all ICP processes

As explained in chapter 4.1.1 the lowest RMSE value indicates a “match” in pylon model
type.

To summarize the output of the statistics, it is observed that 20/20 times the S1J 3D-model
had the best match to the S1J point cloud, 2/3 times the B1J 3D-model had the best match
to the B1J point cloud and 3/4 times the SV2J 3D-model had the best match to the SV2J

point cloud.
In total this means that 93 % of the ICP comparisons showed that the best match between a
point cloud model and a 3D-model was achieved when comparing models of the same pylon

type.

In Figure 15 through 20 below the LiDAR point cloud data is represented with yellow points
and the 3D-model meshes are represented in purple.

Figure 15 below shows an example of alignment between a B1J 3D-model and a B1J point
cloud.
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Figure 15: Side and perspective view of B1J alignment

The Figure below shows the same B1J cloud and B1J 3D-model after performing the ICP
process. As can be seen in the Figure, the position of the 3D-model has been slightly
altered. This is easiest to see when comparing the mesh leg position when comparing the
perspective views between Figure 15 and 16.

Figure 16: Perspective view of B1J cloud and 3D-model after the ICP process



Figure 17 and 18 below shows an example of an S1J model and an S1J point cloud after
performing the ICP process.

Figure 18: Top view of S1J comparison after the ICP process

Figure 19 and 20 below shows an example of an SV2J model and an SV2J point cloud after
performing the ICP process.



Figure 19: Side and perspective view of SV2J cloud and 3D-model after the ICP process

Figure 20: Top view of SV2J comparison after the ICP process

Below is an example of alignment between SV2J model and an SV2J point cloud where
differences in dimensions within the same model type leads to suboptimal alignment as can
be seen on the middle most pylon leg in Figure 21 below.



Figure 21: Side view of SV2J alignment

Figure 22 and 23 below shows an example of alignment between a B1J model and an SV2J
point cloud.

i

Figure 22: Side view of alignment between a B1J model and a SV2J point cloud



Figure 23: Top view of the alignment

Figure 24 and 25 below shows the same SV2J point cloud and B1J 3D-model after
performing the ICP process. As can be seen in the Figures, the position of the 3D-model
changes which is especially apparent when comparing the position of the legs of the 3D
model before and after the ICP process.

Figure 24: Side and perspective view of SV2J cloud and B1J 3D-model after ICP process



Figure 25: Top view of SV2J cloud and B1J 3D-model after ICP process

5.2 Semantic Object Extraction

The semantic object extraction process was optimized in order to be applied to pylons with
similar characteristics to a standard 2 legged 400-volt pylon like the one in Figure 3.
Therefore pylon models S1J and B1J were used for this process while SV2J was excluded.
The point clouds tested can be seen in table 5 below.

Table 3: Number of clouds of the different models

Point Clouds Pylon points
Pylon Model tested within volumes
S1J 30 100 %
B1J 3 100 %

Figure 26 and 27 below shows an example of an S1J pylon where the beam, insulators and
legs are correctly segmented with 3D-volumes. Outlier points that can be seen outside the
created volumes are part of the supporting wires for the pylons and not part of the actual
structure.
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Figure 26: Side, top and perspective view of volumes created for different segments of an
S1J pylon

While all pylon points are contained within the volumes created in Figure 26 above, the pylon
beam is not accurately represented since some power line points are part of the pylon point

cloud making the beam volume bigger.

Figure 27: Side and perspective view of volumes created for different segments of a B1J
pylon

The volumes created for the B1J pylon seen above more accurately reflects the true
bounding dimensions of the pylon beam due to there not being any residual power line
points at the top of the pylon.

It should also be noted that the script used correctly identifies that the B1J point cloud seen
above has no insulators below the beam and therefore no insulator volumes are created.



6 Discussion

Some factors affected the results of both methodologies used in this thesis. General error
sources are the source LIDAR data not being classified entirely correctly. In a few cases part
of the power line was included in the pylon point layer class. It was decided to keep the
supporting steel cables classified as pylon points, this might also have led to some minor
inaccuracies.

Other issues that were apparent in some cases was LIiDAR point data missing right below
the beam and on the pylon legs close to the ground. These issues are most likely caused
because of the way the data was collected - using an airborne laser scanner. From the angle
of a bird's eye view these parts of the pylons are obscured. It is also possible that pylon
points accidentally got removed during the preprocessing of the point cloud data where
points such as vegetation and power lines were filtered out.

Further uncertainties arise from editing the point cloud or the creation of models based

on the point clouds. For example, edits like filtering to remove vegetation or other non-
surface objects from the data can lead to further uncertainties [19].

6.1 Point Cloud Classification

Since it was not possible to obtain 3D-model mesh source pylons for this thesis the models
were created manually. Using 3D-models that better resemble the real-life pylons would
have improved the quality of the results.

The matches between mesh and point cloud were determined based on the lowest RMSE
values. Even though the results proved to be right most of the time the margins were small.
If the study would have been conducted in a way where it was unknown if a match between
the two models exists a reasonable conclusion could be that the margin for error is too large
to be able to determine if there is a match or not. A similar conclusion could have been made
if the same results were achieved using a larger sample size.

There are multiple parameters in the ICP tool in CloudCompare that can be used in order to
better determine a match. The adjust scale parameter can determine if there is a potential
scale difference between the two objects. If it is unknown if there is a difference in scale one
possibility is to run the ICP algorithm with and without the adjust scale parameter and see if
that affects the results. Another important parameter in the ICP tool in CloudCompare is the
final overlap parameter. For this project the overlap between the two objects was always
assumed to be 100 % since this makes comparisons between the different ICP results
easier. Also the 3D-meshes were made to resemble complete pylons and the LIiDAR data
was visually examined to have good coverage on the whole pylon structure. Despite these
factors it could be of interest to assume a non-complete overlap and see if that would affect
the results.



6.1.1 Evaluation

Performance

The data processing speed can definitely be improved. For example by utilizing cached
values in a more efficient manner in the FME-script. Each individual ICP comparison takes
about 2 seconds, so it would take a longer time to do all ICP comparisons with more 3D-
models. The FME-script runs through all data processing steps automatically including the
steps performed within the CloudCompare instance. However no simple way to extract the
resulting RMSE values automatically could be found so that had to be done manually.

Reliability

This method is very versatile and works well no matter the orientation, scale or dimensions
of the imported pylon model. However, as the resulting RMSE values shows, there are very
small margins between the different pylon models meaning that the method used definitely
can be improved.

Purpose

A strength with this method is that any pylon type can be used as in-data both as 3D-models
and as point cloud models. This process matches and georeferences three-dimensional
pylons that resemble the real-life pylons very well. The geographical pylon representations
contain attributes of interest such as height, width, internal ID, model, center coordinates,
horizontal angle to northing and easting.

6.2 Semantic Object Extraction

As mentioned in chapter 2.3 no relevant study could be found where this method for
semantic segmentation is used. This method provides a very basic, non-detailed way of
creating pylon segments which is a possible reason why it was hard to find studies where
this methodology is explored further.

6.2.1 Evaluation

Performance
All pylon segments are created in less than a tenth of a second. The process is completely
automatic using the predefined segments set in the FME-script.

Reliability

The resulting segments created have a high accuracy for the two different models used in
this process. However, as mentioned earlier this process only works for certain pylon models
in specific conditions which makes this method not very versatile.

Purpose

This method only works for the most common pylon types i.e. A, B and S-pylons.

This method works well for the purpose of creating three-dimensional georeferenced simple
representations of pylons. The geographical pylon representations contain attributes of
interest such as height, width, internal ID, model, center coordinates, horizontal angle to
northing and easting.



7 Conclusion

The aim of this thesis was to investigate ways to enhance an information system by
combining BIM and LiDAR data. In this thesis two different methods for compiling different
data types to a single information system were investigated.

The first method was established by matching different types of pylon 3D-models to the
respective point clouds by first aligning them and then using the Iterative Closest Point
algorithm (ICP). The 3D-models used were a B1J model, an S1J model and an SV2J model.
The results showed that the script was able to correctly match the right 3D-model to a point
cloud in over 95 % of cases. However, the sample size was very limited and only three
different 3D-models were utilized. It was established that the script should work well with
other in-data 3D-models if the LIDAR data is refined further and the 3D-models are not too
similar. However, if a lot more 3D-models were added to the script that would drastically
decrease the performance of the script since when the script is run every single point cloud
is compared to every single 3D-model, both for the alignment and the ICP-process. This
could for example be improved by using a RMSE threshold and stop comparisons when
certain threshold values have been encountered.

The second method was based on extraction of meaningful pylon parts using predefined
information about the shape of the pylons. The segments of interest were pylon legs, the
beam and insulators. The script was run using 3 B1J point clouds and 30 S1J point clouds.
The results showed that all volumes were correctly segmented. However, it was established
that this method would not be able to correctly segment volumes using point cloud in-data of
pylons that look very different compared to B1J or S1J pylons such as SV2J pylons.
Therefore, this method is not very versatile. A big upside to this method is that simple 3D-
volumes are very fast to process compared to meshes or point clouds. However, they do not
provide as detailed geographic representation.

The goal was to automate the processes and extract information as well as perform
computations dynamically. This has been done successfully using Feature Manipulation
Engine (FME). The script allows for the user to select any of the available point cloud models
and 3D-models and to run the process using the method the user decides on.

While the sample sizes used in this project were quite small the methods proved to be
successful for the specific cases presented and therefore this thesis can be regarded as a
proof of concept for two methods that can be studied further.

In conclusion both methods used in this project were used successfully in order to enhance
a power line information system.



7.1 Further Work

There is great potential for further work within the fields that have been explored throughout
this thesis.

As explained earlier in the thesis, the results of this project should be viewed as primarily a
proof of concept. There are many different ways that the analysis could be improved in order
to produce more reliable results. For the ICP process this includes using more different pylon
models and using mesh models made by a first-hand source for greater resemblance with
the real pylons.

The semantic object extraction algorithms could be improved in order to be applicable to a
wider variety of pylon models. One way to do this could be to alter the algorithms used
depending on the model type of the current pylon point cloud that is being processed. In
order for this to work, more algorithms need to be invented for different pylon types.

The methods used for information system enhancement in this thesis could be compared to
other methods. For example, machine learning and deep learning methods, and other
statistical models. Another interesting comparison is to compare the results of this thesis
with the results given using the same method but without preprocessing the data in order to
exclude vegetation and power lines from the LIiDAR data set.

It would be interesting to see the methods used in this thesis in other application areas. For
example by looking at different bridge types or other objects in the building sector.
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9 Appendix

Table 4: Statistics for the B1J point cloud

Normalized Value
3D-Model [Point Cloud Range 0-1 For
Point Cloud ID |Type Type RMSE (m) |RMSE Values Points Used
3|B1J B1J 0,39 0,1252 16846
1(B1J B1J 0,18 0 15382
2|B1J B1J 0,24 0,0363 14692
3|SVv2J B1J 0,35 0,1014 11721
1|Sv2J B1J 1,78 0,9505 18609
2(sv2] B1J 1,86 1 18664
3|S1J B1J 0,312 0,0813 16788
1(S1J B1J 0,28 0,0565 17954
2(S1J B1J 0,31 0,0793 17857
Table 5: Statistics for the SV2J point cloud
3D-Model ([Point Cloud Normalized Value
Point Cloud ID |Type Type RMSE (m) Points Used
475|SV2J Sv2] 0,26 0,3756 15860
25|SV2J Sv2] 0,24 0,2294 18128
473|SV2] Sv2] 0,20 0 15109
17(Sv2] Sv2] 0,25 0,3226 15749
475(B1J Sv2] 0,34 0,8488 15487
25|B1J Sv2] 0,33 0,8317 16191
473|B1J Sv2] 0,31 0,6579 15781
17(B1J Sv2] 0,36 1 16594
475|S1J Sv2J 0,25 0,3038 16642
25|S1J Sv2] 0,25 0,2986 17442
473|S1J Sv2] 0,23 0,1691 16960
17(S1J Sv2] 0,26 0,3744 17566

Table 6: Statistics for the S1J point cloud




3D-Model [Point Cloud Normalized Value
Point Cloud ID [Type Type RMSE (m) |Range 0-1 Points Used

435|S1J S1 0,30 0,2135 18259
288|S1J S1J 0,31 0,2414 1885
440(S1J S1 0,23 0 17957
378|S1J S1J 0,30 0,1920 18360
185(S1J S1 0,28 0,1493 15892
293|S1J S1J 0,35 0,3513 18334
460(S1J S1J 0,29 0,1598 18484
217|S1J S1 0,33 0,3083 18710
87|S1J S1J 0,30 0,2166 19082
236|S1J S1 0,32 0,2725 19268
199(S1J S1J 0,28 0,1550 18549
512|S1J S1 0,25 0,0413 18078
4[S1J S1 0,28 0,1402 18269
43(S1J S1J 0,26 0,0720 17702
144|S1J S1J 0,28 0,1362 18659
147(S1J S1J 0,29 0,1730 18188
12(S1J S1J 0,35 0,3544 18126
331|S1J S1J 0,27 0,1032 18369
234|S1J S1 0,29 0,1835 19056
431(S1J S1J 0,31 0,2388 18830
435(B1J S1J 0,47 0,7371 18428
288|B1J S1 0,45 0,6789 18091
440(B1J S1J 0,38 0,4500 17588
378|B1J S1 0,45 0,6526 17936
185(B1J S1J 0,44 0,6496 16696
293|B1J S1 0,56 0,9893 18672
460(B1J S1 0,43 0,6229 17983
217|B1J S1J 0,52 0,8950 18946
87|B1J S1 0,46 0,7066 18505
236|B1J S1J 0,46 0,7091 17940
199(B1J S1 0,39 0,4874 17003
512|B1J S1J 0,38 0,4369 17160




4/B1J S1J 0,49 0,7888 18693
43|1B1J S1J 0,42 0,5760 17584
144\B1J S1J 0,46 0,7080 18654
147|B1J S1J 0,46 0,7033 18300
12|B1J S1J 0,54 0,9489 18792
331(B1J S1J 0,40 0,5234 17623
234(B1J S1J 0,43 0,6164 18112
431(B1J S1J 0,49 0,7758 18782
435|S8Vv2] S1J 0,47 0,7327 18367
288(SVv2J S1J 0,45 0,6646 17958
440(SV2J S1J 0,38 0,4537 17687
378|SV2] S1J 0,45 0,6567 17993
185|Sv2J S1 0,44 0,6290 16600
293(SVv2J S1J 0,56 1 18702
460(SV2J S1 0,42 0,5871 17622
217|Sv2J S1 0,52 0,8862 18927
87|SVv2J S1J 0,46 0,6951 18390
236|SVv2J S1J 0,46 0,7046 17941
199|Sv2J S1J 0,40 0,5138 17163
512(Sv2] S1J 0,37 0,4106 17001
4|1SV2J S1J 0,49 0,7839 18695
43|SV2] S1J 0,42 0,5818 17732
144|Sv2J S1J 0,46 0,6988 18577
147|SV2J S1J 0,48 0,7426 18468
12|Sv2J S1J 0,55 0,9622 18853
331|Sv2J S1J 0,39 0,4949 17332
234|Sv2J S1J 0,44 0,6223 18147
431(SV2J S1J 0,49 0,7840 18784
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