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Abstract 

 
Mobile Mapping Systems gathers a lot of spatial data that can be used for inventory 

and analyses regarding road safety. The main purpose of this thesis is to propose a 

workflow for automatic classification and digitisation of objects in a point cloud 

gathered by a Mobile Mapping System.  

 

The current method used for processing point clouds is performed manually which is 

cost-inefficient and time consuming due to the vast amount of data the point cloud 

contains.  

 

Before defining the workflow, different software were reviewed for finding which ones to 

use for the classification. The software review showed that a combination of using 

Terrasolid and FME is suitable for performing the steps suggested in the classification 

and digitisation method. 

 

The proposed workflow for performing automatic classification and digitisation is based 

on six different steps: Identify characteristics of the objects of interest, Filter the point 

cloud, Noise reduction, Identify objects, Digitise and Control. This method has been 

carried out on two examples, road signs and painted road lines. Attributes that have 

been used for classifying the objects involves intensity, colour value and spatial 

relations. 

The results showed that for digitising road signs, the method found 15 out of 16 signs 

(94%). For digitising the painted road lines, the results produced by the automatic 

function had an average misalignment of 3.8 centimetres in comparison to the initial 

point cloud. 

The thesis demonstrates that the carried out functions are less time demanding for the 

user, compared to the manual method carried out today.  

  



 
 

Sammanfattning 

 
Bilburen laserskanning samlar geografiska och rumslig data som kan användas för 

inventering och analys gällande trafiksäkerhet. Huvudsyftet med denna uppsats är att 

föreslå ett arbetsflöde för automatisk klassificering och digitalisering av objekt i ett 

punktmoln som samlats in av en bilburen laserskanner. 

 

Den nuvarande metoden som används för bearbetning av punktmoln innebär mycket 

manuellt arbete för användaren vilket är kostnadsineffektivt och tidskrävande på grund 

av den stora mängd data punktmolnet består av. 

 

Innan arbetsflödet kunde definieras, har olika programvaror granskats för att hitta vilka 

som kan användas för klassificeringen. Den genomgångna programvaran visade att en 

kombination av att använda Terrasolid och FME är lämplig för att utföra de åtgärder 

som föreslås för klassificeringen och digitalisering. 

 

Det föreslagna arbetsflödet för att utföra automatisk klassificering och digitalisering 

bygger på sex olika steg: Identifiera egenskaper hos objekt av intresse, Filtrera 

punktmoln, Brusreducering, Identifiera objekt, Digitalisera och Kontroll av resultat. 

Denna metod har genomförts på två exempel, vägmärken och målade väglinjer. Attribut 

som har använts för att klassificera objekten innefattar intensitet, färgvärde och spatiala 

relationer. 

Resultaten visar att för digitalisering av vägmärken, kunde funktionen identifiera 15 

utav 16 skyltar(94%). Vid digitalisering av de målade väglinjerna, visade resultaten 

framtagna av den automatiska funktionen en genomsnittlig avvikelse i sidled på 3,8 

centimeter i jämförelse med det ursprungliga punktmolnet. 

Avhandlingen visar att de framlagda funktionerna är mindre tidskrävande för 

användaren, jämfört med den manuella metoden som utförs idag. 
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1  Introduction 
 

1.1 Background 

  
The Swedish road network is built, planned and administered by the governmental 

agency The Swedish Transport Administration (Trafikverket). The existing road 

network contains of approximately 140 000 km of governmental and municipal roads 

and 75 000 km of private roads with governmental funding (Trafikverket, 2015). 

An issue for the agency is to monitor the vast road network and its surroundings. A 

project has therefore been launched with the objective to inventory the road network. 

One of the more efficient ways of doing this is by using Mobile Mapping technology.   

 

The inventory will help with the maintenance of the roads and its surroundings which 

will increase the road safety. The administration works actively with projects to reduce 

the number of casualties and injuries in traffic (Trafikverket 2014). There are a lot of 

different possibilities for usage of the acquired data. Examples may be analyses of 

coating damages, such as slopes and pot holes and sight lines that could be calculated 

with this type of data. Overall condition assessment of roads and its surroundings can 

be made using this data. These areas of usage could be the next step for increasing the 

road safety. However the main focus of this thesis is to inventory. 

 

There are a lot of advantages of using Mobile Mapping Systems (MMS) for acquiring 

spatial data. For example it is safer for the surveyors since they don’t have to expose 

themselves on the road, large amount of data can be gathered in a fast and cost efficient 

way (Tao, 2000) and said data have a high accuracy. 

The first part of the project that is ongoing is a pilot project where a mobile unit is 

gathering data from approximately a driving distance of 1000 km of road and its 

surroundings. The data consists of laser point clouds gathered with laser scanners and 

images taken with 360° HD-cameras. Using this information, the Swedish Transport 

Administration hopes to be able to get an overview of the condition of the roads and the 

condition of the near road surroundings. 
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One of the main problems with the technology is the vast amount of data. The size of 

the point clouds can add up to more than 30 million points. This leads to that the size 

of the data easily exceeds up to tens of terabyte. This is since each point is stored as a 

single geometry hence the computer stores millions of points. Working with data of this 

size is time consuming and demanding for the client. There are some limitations in the 

method used today for working with the data, where the primarily is the data size. 

Additionally the method for making something useful out of the raw data is inefficient 

since the objectification of the points into more easy handling formats is done manually.  

The applications for point clouds can be diverse, for example: extracting digital terrain 

models, documentation of buildings and industries (reverse engineering), volume 

calculations etc. These point clouds often lays as ground for further planning or 

construction. 

 

1.2 Objectives 

 
The primary objective for this thesis is to find a method to automatically differentiate 

and digitise road signs and painted road lines in order for the Swedish Transport 

Administration to investigate and inventory these accessories for the roads. 

This will be accomplished by first examine different software and their ability to achieve 

the stated objective and then create a workflow for automatic classification and 

digitisation. 

  

The desired result is a methodology where automatic classification and digitisation are 

as accurate as possible with as little user interference as possible. 

1.3  Similar studies  

 
In the last 15 - 20 years, MMS has received much attention from researchers and 

surveying industry (Horemuz, Jansson, 2013). 

According to Grejner-Brzezinska (2002) a MMS can be defined as "a moving platform, 

upon which multiple sensor/measurement systems have been integrated to provide 

three-dimensional near-continuous positioning of both the platform and simultaneously 
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collected geo-spatial data, with no or limited ground control using single or multiple 

GPS base stations."  The evolution of MMS can be derived back to the late 1980’s but 

the big evolution steps can only be dated back to the late 1990’s due to the rapidly 

increasing demand of 3D information (Karasaka and Yildiz, 2013). 

 

Some MMS are not always suitable for all measuring purposes. Lang and Larson (2014) 

performs experiments when comparing data acquired using a Mobile Mapping Unit and 

data acquired using field levelling for identifying frost heaves. The results shows that 

since the accuracy in height differ a lot depending on the availability of positioning 

satellites, the MMS is not suitable for this type of projects in enclosed terrains. 

 

According to Gong et al. (2012) the manual acquisition of geospatial information 

regarding roads and especially highways is both expensive and dangerous for the 

surveyors. Therefore a presentation of the advantages of mobile laser terrestrial scanning 

is put forward. The conclusion was that with mobile collected data, information 

regarding inventory documentation of numerous types of near road objects is attractive. 

They also conclude that the speed and safety of the data acquisition will increase in 

comparison to manual acquisition. However they also state that there are still challenges 

in reducing the initial cost for implementing the systems and costs regarding manual 

extraction of objects from the point clouds.  

 

Pu et al. (2011) presents an automated method for extracting objects that are above 

ground in a point cloud gathered by a mobile laser scanner. The method builds on 3 key 

concepts:  

1) partitioning the point cloud so it is easier to handle.  

2) roughly classify the data into the 3 groups, ground, on-ground and off ground for 

reducing the the dataset.   

3) Further examination of the on-ground segments. 

The third step is the feature detection step. This step is carried out with a knowledge 

based methodology where the user sets up rules for how the objects of interest appear 

and which attributes they have. The framework was applied for identifying three types 

of objects poles, road signs and trees. The detection ratio results were 86.9%, 60.8% 

and 63.8% respectively, which implies further work in the area is needed.  

 

The technology of using laser scanning systems for automatically identifying objects is 

used for other implementations than for mapping and inventory. The development of 
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autonomous vehicles and robots is a growing industry. The main differences between 

Mobile Mapping and autonomous vehicles are that autonomous vehicles uses real time 

processing and that the absolute positioning for autonomous vehicles are not as 

important as for Mobile Mapping. For autonomous vehicles, relative positioning in 

relation to the vehicles surroundings is the main focus for the vehicle to be able to 

navigate freely. 

 

Ishizaka et al. (2013) presents a method for improving the positioning of autonomous 

cars on the road. The idea is to automatically find the painted road lines and then align 

the car between them. The methodology builds on finding characteristics for the painted 

road lines and then evaluate them against the road surface (concrete or asphalt).  The 

identified characteristics were RGB values and intensity values, the observations showed 

that painted road lines had higher RGB and intensity than asphalt and concrete. This 

information then led to a filtering process with the information from the observations 

serving as ground.  

 

 

1.4 M easuring background  

1.4.1 Introduction to M obile M apping System (M M S) 

 
There are in general two types of laser scanning systems, terrestrial laser scanning 

(TLS) or airborne laser scanning (ALS). A TLS is a stationary laser scanner mounted 

on a tripod. An ALS is a laser scanning system mounted on an airplane or a helicopter 

i.e. a scanning system mounted on an airborne vehicle (Horemuz, 2014). In addition to 

these systems there is a more recent type of laser scanning system, Mobile Laser 

Scanning (MLS) where a laser scanning system is mounted on the top of a car (Grejner-

Brzezinska, 2002). These systems often incorporate HD cameras for images to 

complement the point clouds, a GNSS (Global Navigation Satellite System) receiver and 

an IMU (Inertial Measurement Unit) system for positioning and georeferencing the 

points in an established coordinate system. This combination of systems is called Mobile 

Mapping Systems (MMS) (Horemuz, 2014). This type of systems incorporates 

advantages from both ALS and TLS. It covers large areas without new station setups, 

compared with TLS where new time consuming setups are required continuously. It 
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collects data from a ground perspective and not a topological perspective. Collecting the 

data from a ground perspective leads to a higher point density and more detailed point 

clouds compared to an ALS point cloud. In general the measuring distance is shorter for 

a MMS than with an ALS which leads to a higher accuracy. The limitations of the 

system is that it can only measure from the road and that the vehicle often has a speed 

limitation depending on the required point density which can create problems when 

measuring on a highway (Meade, 2010). 

 

1.4.2 Laser scanning systems 

 

Laser scanning is one of the most effective ways to gather geospatial information in large 

volumes in a precise and efficient manner. In short the system sends out a laser pulse 

and receives the reflection of the same pulse. Using the information about in which 

direction the pulse was sent out and the time difference between sent out and received 

pulse the system can calculate the position of the target for the pulse (Pfeifer and 

Briese, 2007). Other non-spatial textural information such as intensity of the reflected 

pulse is also collected, information that can be considered important when working with 

classification and objectification of point clouds. The pulses are sent out with a high 

frequency so a dense cloud of points is created, commonly known as a point cloud.  

 

1.4.2.1  Pulse laser ranging 

 

The basic principle of pulsed laser measurement is that the time between when the 

signal is transmitted and when the signal is backscattered is measured to obtain a 

distance. 

 

The transmitter emits a pulse which is divided into two parts. One is sent to a receiver 

which starts a clock and the other is transmitted towards the object that is being 

measured. The pulse that is sent towards the object is backscattered when it hits the 

surface causing parts of it to return to the scanner (detector). When the pulse have 

returned to the scanner the clock that was started when the signal was initially emitted, 

stops. Since the speed of light is known, the distance between the laser scanner and the 

measured object can be calculated using Formula 1: 
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𝑅 =
𝑐 ∗ 𝑡

2
                                                    (1)    

 

Where:  

R is the range (distance between laser scanner and measured object) 

c is the speed of light 

t is the time measured between when the laser pulse was emitted and retrieved by the 

scanner. 

(Reshetyuk, 2009). 

 

1.4.2.2  Phase laser ranging 

 

The second method of laser ranging is called phase measuring. With this method the 

laser beam with sinusoidal modulated optical power is transmitted as a continuous beam 

instead of single pulses. The distance between the scanner and the measured object is 

then measured by comparing the received and transmitted wave patterns and measuring 

the differences in the phases between them. Since the phase difference will vary 

periodically with increasing distance the scanner can measure distances correctly up to 

half of the modulated wavelength (Horemuz, 2015). 

 

1.4.2.3  Beam divergence 

 

In some cases, when laser beams are explained, they are modelled as a linear feature. In 

reality though, this is not the case. A laser beam that is emitted from the laser scanner 

does not hold a constant diameter. It first converges and then diverges. 

The emitted beam first converges to its so called beam waist, which is the minimum 

diameter for the laser beam, located at a certain distance from the laser source. After 

this it diverges inversely proportionally from the beam waist diameter (Figure 1.1). The 

beam divergence is the angle formed from the beam waist (Figure 1.2) (Reshetyuk, 

2009).  
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Figure 1.1 Conceptual image of the laser beam and its size difference throughout the measurement. 

 

 

1.4.2.4  Laser beam footprint 

 

When the distance between the laser scanner and the object increases, the size of the 

laser beam also increases. This results in a relatively big footprint diameter.  

The footprint diameter is the size of the laser beam when it intersects with the 

measured object (Figure 1.2).  

 

 
Figure 1.2 Conceptual image of how the laser beam footprint (Df) is affected by measuring distance (R) and the beam 

divergence (ɣ). 

 

𝐷𝑓 = 2𝑅 ∗ 𝑡𝑎𝑛
ɣ

2
                                      (2) 
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Where: 

Df is the diameter of the beam footprint against the measured object 

R is the distance between the laser sources to the measured object 

ɣ is the beam divergence. 

(Shan and Toth, 2008), (Reshetyuk, 2009). 

 

A large footprint diameter may result in a big difference in the position of the reflected 

laser beam. If the diameter is large enough, theoretically it can be reflected of two 

different surfaces with different ranges (Shan and Toth, 2008).  

 

 

1.4.2.5  Beam irradiance 

 

The beam irradiance, also known as intensity, is a value that represents how much of 

the emitted beams energy is reflected back to the laser scanner. The higher the value, 

the more energy has been transmitted back. The intensity for each point is often 

normalized into an 8 bit value. The strength of the re-emitted beam is a factor of the 

reflectance of the material of the scanned object. Except for the reflectance there are 

other factors that can affect the intensity value, such as the shape and the roughness of 

the reflecting target, and external factors such as humidity (Vosselman and Maas, 

2010). 

 

1.4.3 Positioning 

 

The positioning of a mobile mapping system in movement is more advanced than one of 

a terrestrial, static system. The theory is basically the same but with additional factors 

from the moving vehicle, such as velocity, gravitational forces and orientation, to take 

into consideration. This is dealt with by using different systems that collaborates with 

each other. 
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1.4.3.1  GNSS 

 

GNSS is a generic term for satellite based positioning systems. Systems as GPS and 

GLONASS are two examples of this kind of systems. They use the same principle for 

positioning but they have different owners and therefore different satellites 

(Lantmäteriet, 2015a).  

There are two main types for GNSS measurements, absolute and relative measurements. 

The difference between absolute and relative is that in absolute measurements the 

position of the GNSS receiver is determined directly from the satellites (Figure 1.3) 

while in relative measurements the position is determined relative to one or more points 

with known locations (Figure 1.4). For determining the position both in relative and 

absolute measurements the receiver needs to have contact with at least four different 

satellites for determining the x-coordinate, y-coordinate, z-coordinate and the time 

correction for positioning. In relative measurements the receiver also needs contact with 

at least one reference station that is located over a known point and measures against 

the same four satellites for sending out corrections to the receiver which can be 

processed in real time or afterwards. It is preferable to have the reference stations as 

close as possible to the receiver so the signals from the satellites are affected by similar 

outer circumstances. To achieve the most accurate positioning, a relative positioning 

system is needed. Using relative positioning systems the accuracy can be at centimetre 

level, while using absolute positioning, the accuracy is roughly at meter level 

(Lantmäteriet, 2015b). 

 

 
Figure 1.3 Principle for absolute positioning (Lantmäteriet, 2015b) 
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Figure 1.4 Principle for relative positioning (Lantmäteriet, 2015b) 

 

1.4.3.2  IM U 

 

An IMU is a device that logs a moving object's orientation, velocity and gravitational 

force using accelerometers and gyroscopes.  

An accelerometer is a device that measures acceleration. The acceleration forces can be 

dynamic, caused by movement or vibrations by the moving vehicle, or static, caused by 

gravitational forces (Dimension Engineering, 2015). 

A gyroscope is a device which measures orientation by using the principle of 

conservation of angular momentum. Using the gyroscope, the IMU can measure how the 

vehicle is rotating in space, deciding a roll, pitch and heading of the vehicle (Hyper 

physics, 2015). While the GNSS updates once every second, the IMU logs more often 

(typically around 200 Hz). 

 

The data acquired from the accelerometer is used to support the positioning of the 

platform made by the GNSS in between the GNSS measurements and the data from the 

gyroscopes helps to determine the orientation of the platform (Vosselman and Maas, 

2010). 

 

1.4.4 M obile M apping System 
 

The MMS generally works in the way that the camera and the scanners collects data in 

their own frames (l-frame), the IMU collects information regarding the vehicle's velocity, 

orientation and gravitational forces (b-frame) and the GNSS receiver collects 
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information regarding the location in an established coordinate system (e-frame) (Figure 

1.5).  

 

 
Figure 1.5 Conceptual image describing the mobile mapping system and the relation between the different 

components. 

 

Since the relations between all these different frames are known, the position of the 

scanned points in an established coordinate system can be calculated.  

 

The point of using two positioning systems, such as GNSS and IMU, is due to the 

frequency of the GNSS measurements is rather low while the accuracy is rather high and 

for the IMU has a higher frequency. Even though the IMU has a high accuracy in the 

beginning of the measurements, the accuracy tends to decrease with time (Horemuz, 

2014). So the IMU measures the distance travelled between each GNSS measurement in 

order for the positioning to be continuous.  

 

The positions of the points are further controlled and corrected by ground control points 

in the data. For example a corner of a painted road line is measured with a total station 

for an accurate position. This point is then matched with the same point in the point 

cloud (Horemuz, 2014). 
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The relationship between GPS, IMU and lasers scanner can be expressed like formula 

(3) 

𝑃𝑒 = 𝑟𝐺𝑃𝑆 + 𝑅𝑏
𝐸𝑇𝐺𝑃𝑆,𝑏

𝑏 + 𝑅𝑏
𝑒𝑇𝑏,𝑙

𝑏 + 𝑅𝑏
𝑒𝑅𝑙

𝑏𝑃𝑙                        (3) 

 

Where 

𝑃𝑒 is the measured point in e-frame (Established coordinate system) 

𝑟𝐺𝑃𝑆 is the obtained position from GPS/IMU, >100 Hz 

𝑅𝑏
𝐸 is the rotation matrix between b and e frame 

𝑇𝐺𝑃𝑆,𝑏
𝑏  is the translation matrix between e and b frame (lever arm between GPS antenna 

and IMU) 

𝑇𝑏,𝑙
𝑏  is the translation matrix between l and b frame (lever arm between IMU and LS) 

𝑅𝑙
𝑏 is the rotation matrix between l and b frame  

𝑃𝑙 is the measured point in l-frame (measured in the Laser Scanner frame) 

 

1.5 Data 

 
The data used for this project is acquired using MLS and a panoramic camera (360 

degrees). The scanners and cameras are mounted on a car along with an IMU containing 

gyroscopes and accelerometers and GNSS receiver creating a mobile mapping system 

(MMS). The system contains of 6 different scanners, all assembled in different directions 

in relation to the mobile unit in order to be able to retrieve data from different angles ( 

Figure 1.6). 
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Figure 1.6 Conceptual image of the car from above and the directions the scanners are retrieving data from. 

 

 

The area from where the data is collected is a strip of a four lane highway (E18) outside 

of Arboga city, Sweden (Figure 1.7). The total length of the dataset is 6.4 Km. 

 

 
Figure 1.7 Map over the area west of Arboga where the red line is the area where the data was collected. 

 

The data contains of several different attributes that are necessary for this project.  

Each point that has been scanned contains of a Northing (N), Easting (E) and Height 

(H) value, or coordinates, in a chosen reference system.  
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Each point also contains an intensity value which reflects how much of the emitted 

energy has been transmitted back from the scanned point. The strength of this received 

pulse is stored as an 8 bit value i.e. a normalized value between 0 and 255. 

All points also have a unique time stamp given in GPS time which states at what time 

the emitted beam was sent out from the scanner. 

The points also have an attribute claiming which of the 6 scanners that particular point 

is scanned by. By consulting this scan number, one can get a good overview from which 

direction of the car the data is scanned from and use that information to filter out data 

from unwanted directions. 

In addition to the scanned points, a trajectory is gathered (Figure 1.7 and 1.8). A 

trajectory is the position of the scanning system while scanning. These positions are 

stored as points in a line along the driving path. In our case each direction of the road 

was driven two times (a total of four times) for overlap, redundancy and increased 

density of the point cloud. This gives the scanned points an additional attribute which 

states which drive path the point was scanned from.  

                               

 
Figure 1.7 Image of the point cloud with the trajectories drawn on top, represented by different coloured polylines, 

seen from above. 
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Figure 1.8 Image of the point cloud with the trajectories drawn on top, represented by different coloured polylines. 

 

Images are also taken by the 360° camera. When the image is taken by the camera, the 

position and angle of the camera is known and the image can be georeferenced. This 

gives the possibility for positioning within the image and hence the possibility to drape 

the images over the point cloud. Using this method an additional attribute is added to 

the point which is a colour extracted from the image. The colour is stored as 8 bit 

values for each RGB (Red, Green, Blue) attribute. 

 

Post processing of the dataset gives the possibilities to classify data. The initial step for 

this is to classify ground points. To classify ground points, you start by looking at the 

points that are located at the lowest altitude. These points are assumed to be ground 

points. When the lowest points are identified, one starts to control its surrounding 

points by building a temporary TIN (Triangulated Irregular Network). If the points 

surrounding the lowest points differ a lot in distance or if the angle between these points 

is too high, the surrounding points are discarded as to not belonging to the ground. If 

the surrounding points on the other hand are located near the lowest points and there is 

not a big angle between the points, then these points are also classified as ground 

points. This is then repeated for the surrounding points of the newly classified ground 

points. For each point that are added to the temporary TIN, the surface corresponds 

better and better with the real ground surface. The end result is a classification where 

all the points that have been classified now represent the ground. Using this initial 

classification of ground points, a simple classification of the rest of the environment is 

done by comparing the height of the points in relation to the ground (Terrasolid, 2015) 

(Table 2). 
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The different attributes: 
 

Table 1.1 Attribute table 

Name Description 

N Position in north direction 

E Position in east direction 

H Height  

Intensity Representation of the returned energy 

value 

GPS-time At which time the point was scanned 

Scanner_id Which of the six laser scanners that 

scanned the particular point 

Trajectory_id Which of the driving path that was driven 

while scanning 

Colour Which colour code the point has 

R (Red) 

G (Green) 

B (Blue) 

Class Which class the point belongs to 

Unclassified 

Ground 

Low vegetation 

Medium vegetation 

High vegetation 

Hard surface  
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1.6 Software  

 
Before starting with the objective for this thesis, a small evaluation of different software 

and their properties was carried out. This was done in an informal way where 

information about different software was gathered and evaluated. The user should be 

able to perform as many steps in the workflow as possible in the same program but at 

the same time have the possibility to use other programs as well without any 

complications. Abilities that were considered interesting for the thesis were therefore 

accuracy, flexibility and interoperability.  

Accuracy refers to the accuracy of the classification and digitisation. For example if the 

function classifies 4 out of 10 signs there is an accuracy of 40% for the function. 

Flexibility is the possibility for the user to affect the functions depending on the input 

data and what the function is trying to classify. For example if the user wants to 

classify road signs or painted road lines. Interoperability means how well the software 

can collaborate with other software. For example many different file formats should be 

available for the user, both for reading and writing. 

 

1.6.1 Background 

 

There are a lot of different software available that probably would fit the specification 

of classifying and digitising objects automatically from a point cloud. In this part, a 

description of three software that were evaluated in this thesis are presented. Additional 

software, such as Orbit and Cyclone, were also taken into consideration. After studying 

the specifications of the different programs, Orbit was dropped due to its lack of 

functionality in the available license agreement and Cyclone was dropped due to its lack 

of automatic functions and its focus on handling terrestrial gathered data. The following 

three software (FME, Terrasolid and PointFuse) were further investigated. 

 

1.6.1.1  FM E (Feature M anipulation Engine) 

 

FME is a software provided by Safe software, mainly designed for spatial data 

transformation. It lets the user control their data interoperability challenges. The 
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software support over 325 different file formats. Formats provided by most commonly 

used spatial software such as ESRI, Autodesk, Terrascan, MapInfo, Google, etc. are 

covered and also all general file formats. The program is therefore one of the leading 

software in data conversion, especially conversion between different spatial data formats 

and different coordinate systems. The software is also a leading actor regarding data 

transformation, in other words reconstructing and manipulating both spatial and non-

spatial data so it fits the user's needs.  

FME comes in three different versions: FME Desktop, FME Server or FME Cloud 

where FME desktop is the main program for creating workspaces for transforming data 

(Safe, 2015a). FME Server is a tool for automatically transform data with already 

created workspaces, where each workspace is published directly from FME Desktop 

(Safe, 2015b). The settings that specify when the workspace should run are then 

configured in FME Server and then FME Server handles the rest when data uploads. 

FME Cloud is a version of FME Desktop but it runs on the cloud and the user pays for 

the memory and processing usage (Safe, 2015c). 

    

1.6.1.2  Terrasolid 

 

Terrasolid is a software package specialized in processing both airborne and mobile 

LIDAR data (Terrasolid, 2014a). It can process the raw laser points, images, trajectories 

as well as the survey data. Most of the applications are built on top of Microstation, a 

CAD software provided by Bentley software. Therefore the user needs Microstation in 

order to run Terrasolid’s applications. Terrasolid consists of six different applications, 

Terrascan, TerraMatch, TerraModeler, TerraPhoto, TerraSurvey and TerraSlave.  

 

Terrascan is the main application in processing laser data. It offers tools for handling 

the big datasets and it supports several file formats for import and export. It also 

provides various automatic, semi-automatic or manual routines for classification of point 

clouds (Terrasolid, 2014b).  

 

TerraMatch is a tool for improving the quality and accuracy of the raw laser data. It 

improves the data by comparing the differences between overlapping point clouds 

(different trajectories). Correction values are then calculated from these differences and 

added to the point clouds, i.e. multiple point clouds are merged to one (Terrasolid, 

2014c).  
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TerraModeler is an application for creating and editing surface models. It offers various 

automatic calculation options on the surface models, for example contour lines and slope 

directions (Terrasolid, 2014d).  

 

TerraPhoto is developed for processing images that are captured along the flight path. It 

enables production of rectified images and ortho-mosaics based on models from the point 

cloud. The position of the raw images can also be refined using tie points and the 

accuracy of the images can be improved using ground control points (Terrasolid, 2014e).  

TerraSurvey is an application that manages the data collected from field surveying e.g. 

total station or GNSS measurements (Terrasolid, 2014f).  

 

TerraSlave is an application which can distribute time and resource consuming tasks on 

to other computers in a lan or outside of Microstation on a single computer. This gives 

the user possibilities to continue work with TerraScan without waiting for the 

calculations to finish (Terrasolid, 2014g). 

 

It is not necessary to use all applications, while it is recommended for putting together 

big raw data into a continuous point cloud with image information for the best possible 

accuracy and results. Terrasolid is compatible with some different file formats for point 

clouds and spatial data such as .LAS, .txt and Leica LDI.  

 

1.6.1.3  PointFuse 

 

Pointfuse is a software that automatically converts point clouds to 3D-vector models. It 

covers the standard forms of source file formats e.g. LAS, LAZ, PTS and XYZ. These 

source files can be generated from any source, including laser scanning but also 

photogrammetry. The vector models consist of polylines, polygons and surfaces instead 

of a vast amount of points. When creating the vectors, some attribute values such as 

which resolution is desired, an angle threshold between different objects, a noise 

threshold and maximum foliage size can be altered. 

 

The software is not limited to only use one point cloud at the time. Several point clouds 

can be imported at once and converted into a vector model. The export formats follows 

industry-standard DXF and IFC which can be used with almost all CAD software 

(Pointfuse, 2014). 
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1.6.2 Review 

 

1.6.2.1  FM E (Feature M anipulation Engine) 

 

FME is a software for creating workspaces. When a workspace is created it can be used 

over and over again. Creating workspaces or models is easy and no coding is required 

from the user. The user however needs to have a deeper understanding of how 

classification and spatial data works since the user creates its own models. FME is based 

on already created functions developed by Safe software and they cover a big spectrum 

of the GIS applications. However these functions are not always perfect for point cloud 

processing. In some cases there is a need for writing your own functions. It is possible to 

do so in Python or download existing functions created by other users online. The 

advantage with this type of software is that users can tailor fit the classification 

functions after its needs and the structure of the dataset. The functionality factor in 

FME is high since the software is not restricted to how many objects it can create at the 

same time.  

 

When comparing the different software, FME is the one with most flexibility and 

interoperability. Most of the steps that are performed in this thesis could be carried out 

using FME and there is a whole range of different file formats that are available when 

using FME. FME was the only one of the investigated software where the digitalization 

could be made fully automatically. No problems were encountered when processing big 

amount of data. 

 

Not all the steps necessary for performing the working method were easy to perform 

with FME. It has no pre-programmed function for the initial ground point classification, 

making it difficult to perform the rest of the initial classifications as well. Since it is a 

fully automated software, once the function has been written, no changes can be made 

manually in the results at all. The version used in this thesis is FME 2015.1. 
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1.6.2.2  Terrasolid 

  

Terrasolid, with all its’ different plugins, is a user friendly software with a lot of 

possibilities. With Terrasolid, all the necessary steps that are required to be able to use 

the data, such as georeferencing, image matching and ground classification, can be 

made. These steps are necessary before starting the rest of the method. The 

georeferencing gives the points their positions, the image matching gives the points their 

colours and the classification gives the points an extra spatial dimension which is later 

used in the project. Other functions that the user can perform rather automatically 

using Terrasolid is to filter the data by the desired attribute values. The drawbacks of 

Terrasolid are the lack of its ability to perform automatic digitisation and noise 

reduction. These steps are performed manually when using Terrasolid. However since 

Terrasolid has an interface adapted for user interference, it is suitable to use for 

manually controlling and altering the results. The versions used in this thesis are 

TerraScan 015.007, TerraMatch 015.008 and TerraPhoto 015.003. 

 

1.6.2.3  PointFuse  

 

Pointfuse has the possibility to vectorise objects automatically. There are ways in where 

the user can decide some attribute values that are interesting for the vectorisation. 

These alternatives however are very limited and not that easy to comprehend. Pointfuse 

vectorises all the data into different segments and the only variables the user can change 

is the spatial variables, such as angle tolerance for the vectors. There seem to be no 

alternative where the user may specify for example which class or what intensity value 

the points of interest should have. The program is not optimal for identifying 

characteristics of objects nor for controlling the data since the user interface seems to be 

quite static. There seem to be no way to find information about objects in the data and 

there is no way of changing the results when controlling. The version used in this thesis 

is Pointfuse Pro 1.0.2. 
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1.6.3  Discussion 

 
There are different alternatives and software to use when performing automatic 

digitisation on point clouds. Some software are more suited than others and some are 

not suited at all. In this part, the different software and their abilities will be discussed 

and evaluated to find a software or combination of different software to use for the later 

proposed workflow.  

 

Although Pointfuse have the desired function of performing digitisation automatically, it 

lacks in basically all the other aspects that are desired. The guides and tutorials that are 

available for the program do not reflect the abilities or results of the program. When 

following the tutorials, the resulting models look great with distinct, continuous surfaces 

with barely any noise at all. Probably the datasets used for the tutorials were perfect in 

the matter of that they were manually noise reduced and cleaned. For the proposed 

method and the extent of this project, it is not reasonable to assume that the data will 

be noise reduced from the beginning.  

 

Terrasolid have many different features that are useful for the later proposed workflow. 

The program is versatile and developed for point cloud management. The main features 

that are available in Terrasolid, that is not present in the other software, are all the pre-

processing functions, such as georeferencing and image matching. Even though this is 

not the main focus in this thesis it is a valuable step for the rest of the functions. 

Without these functions, the later proposed workflow would be hard to perform. 

Terrasolid is also very user friendly in the sense that it is easy to perform manual 

digitisation and corrections. The Terrasolid environment also allows for examining the 

data in a simple way. The software has a versatile filtering function and Terraslave 

allows the user to keep using the software while calculations are running. The major 

drawback with Terrasolid is that both the noise reduction and digitising parts are 

performed manually.  

 

The biggest advantage when using FME is its versatility. Using FME the user can 

perform many different operations depending on what the user wants to achieve, using 

both spatial and non-spatial functions. FME is the only one of the investigated software 

that offers the opportunities to perform diverse functions in an automatic way. The 
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software also offers alternatives regarding parallel processing and interoperability since a 

lot of file formats are available. 

 

There is however some drawbacks with FME, since it seems to lack functions for 

georeferencing, instrument calibration and image and point cloud matching as far as we 

know. On the other hand, FME offers the opportunity to write functions if one wishes to 

do so by yourself. Another drawback for FME is that since the software only handles 

data by functions, there is no way to change the data manually.  

 

1.6.4 Conclusion 

 

After the review of the different software, a combination of Terrasolid and FME was 

chosen as the software to be used to carry out the later proposed workflow.  

Terrasolid was chosen for its abilities to perform pre-processing steps in the raw data 

and its abilities for letting the user manually handling and altering the data in an easy 

way. FME was chosen for its diversity and its abilities for performing operations on the 

point cloud in an automatic way. 

 



2  M ethod 

 
The objective of this thesis is to generate a general workflow for automatic classification 

and digitisation for objects of interest in a point cloud. The proposed workflow consists 

of six general steps (identifying characteristics, filtering the point cloud, noise reduction, 

identifying objects, digitising and controlling the results). These general steps are 

different depending on which type of objects that are classified and identified. In this 

thesis two models for classifying and digitising road signs and painted road lines are 

presented but the general method can also be applied on several other objects such as 

light poles or road barriers for example. 

The data used has been pre-processed in Terrasolid, i.e. the data has been georeferenced, 

image matched and classified. The identifying characteristics, filtering, noise reduction, 

identifying objects and digitising steps are all carried out using FME. The last step of 

controlling the results is carried out using Terrasolid. 

 

2.1.1 Identify characteristics for objects of interest 

 

The first step in the method is to examine the data and identify characteristics for the 

objects that are being classified. All objects that can be identified by a viewer's eyes in a 

point cloud have some specific characteristics and these characteristics are what lay as 

ground for the classification. Examples for characteristics are: specific intensity values, a 

specific colour, a specific height, a specific shape, a specific location in relationship to 

the trajectory, etc. 

 

The method to find the values of these characteristic attributes is to examine the point 

clouds. The attribute examination is a statistical study of the parameters where a 

number of points that represents the object that is sought for are selected and 

evaluated.  

 

In this case 100 random points from each kind of object that are being investigated was 

highlighted and examined. The values for each point were gathered and evaluated using 
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the mean value and standard deviation, giving an interval in between which values are 

interesting in the filtering step. 

 

2.1.1.1  Road signs 

 

According to the Swedish Transport Administration, a road sign is defined as a 

continuous plane surface which conveys the road signs information. It is mounted on a 

vertical or horizontal element, often a pole, on a height where it can be seen (Figure 2.1) 

(Trafikverket,2004).  

 

A road sign can come in many different shapes and colours. Each shape combined with 

a colour has a different meaning. For example a warning sign in Sweden is always 

triangular with a red border and a yellow background (Trafikverket, 2004).  

 

Characteristics of a road sign is their position, where it’s often positioned on the right 

side of the road, its high intensity value due to the reflective surface and its height from 

the road surface. In a point cloud, a road sign is quite easy to distinguish from its 

surroundings due to these characteristics (Figure 2.2). 

 

 
Figure 2.1 Picture of a road sign 
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Figure 2.2 A road sign with its surroundings in the point cloud, visualized on the intensity value. 

 

2.1.1.2  Painted road lines 

 

A painted road line is a line painted on the road surface to highlight delimitations and 

guidance on the road. These painted lines can come in different shapes and colours 

which represents different provisions. Most of the road lines are white and either solid or 

dashed. The biggest part of the road markings are delimitations of driving lanes and it is 

these road lines that will be the main focus of this thesis. The lines are painted on top of 

the asphalt which generates clear contrasts both in colour and intensity. 

 

The characteristics of the painted road lines in the data set is the intensity value in 

relations to its surroundings, its white colour and the fact that lines are located on the 

road surface. 

 

Since the colour value for the colour white theoretically is 255, 255, 255 for Red, Green 

and Blue respectively (W3 schools, 2015), the function will be able to use the lowest 

decided threshold only.  

 

The dataset contains out of four lanes which means six painted road lines which 

represents the contours of the driving lanes (Figure 2.3). 

 

Differences in intensity and colour values were observed in regards to the distance to the 

trajectory. The lines that were located further away from the trajectory and scanners, 
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generally had a lower intensity than the painted lines located near the scanners (Figure 

2.3). There was also a slight difference in the colour values for these painted lines where 

the ones closer to the trajectory generally had a lower RGB value than the ones further 

away. 

 

 

 
Figure 2.3 Image of the point cloud representing the road surface with two lanes in each direction making a total of 

six painted road lines. 

2.1.2 Filter 

 

The filtering process of the dataset is a rule-based method where the user sets up rules 

for the sought objects, based on the information gathered from the previous step. The 

rules states the intervals for each parameter that is identified meaning that each point 

that does not fulfil the requirements will be discarded.  The points that fulfil the 

requirements are considered as candidates for being a part of an object that the specific 

function is searching for.   

 

In addition to the attribute values, the spatial properties are also used to filter out 

unnecessary data. It is preferable to reduce the point cloud as much as possible to 

minimize the calculation time for the functions. 

 

Unfortunately, there is a possibility that there are points that do not belong to the 

objects that the function wants to identify, that have similar attributes as the ones that 

the functions searches for. These unwanted points will hence be referred to as noise. One 
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example of this is that some vehicles looks similar to a road sign in the sense that both 

can be made up by a similar kind of material and therefore have a similar intensity and 

both can be located at approximated the same height giving both the sign and the car 

the same class (Figure 2.4). 

 

 
Figure 2.4 Image of the point cloud with a side of the car that looks similar to a road sign in the sense of size and 

position. 

 

2.1.2.1  Road signs 

 

The attributes that was used when filtering for finding the road signs was first decided 

statistically. 100 points were gathered and the intensity value was stored for each of 

these 100 points. The colour values were not used since there are many different 

combinations of colours that a sign can have. It is also hard to distinguish the different 

colours from the points on the signs and it requires one function per colour combination 

on a sign. Therefore the colour attribute for filtering a sign was not taken into account. 

On the chosen 100 points, an average and a standard deviation was calculated and 

combined to find a maximum and minimum value to use as thresholds for the intensity 

value. 

 

Additional attributes that were used when filtering the road signs is to only use the 

points that belongs to the classes that have similar heights to a road sign and the points 
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that are scanned with the scanners that are faced to the right hand side of the vehicle 

and straight forward. The reason for not using the scanners faced backwards is that the 

high intensity values only comes from the front of the road signs that are highly 

reflective in comparison to the back side. 

 

The spatial attributes that are used when filtering the road signs is that the points does 

not belong to the road surface and is located next to the road. Therefore all the points 

that is located on or over the road surface is removed. This is done by projecting the 

trajectory lines down on the ground surface, create a polygon between these lines and 

remove all the points that are located over and under the polygon. 

 

2.1.2.2  Painted road lines 

 

The initial values for filtering the painted road lines were also decided statistically. For 

the road lines though there were two sets of data gathered. 100 points from the road 

lines furthest away from the trajectory and 100 points from the other lines. In the case 

with the road lines, not only the intensity values were stored but also the colour values. 

The colour values were used because the only colour that the function is looking for is 

white. This means that there is no need to put an upper limit to which values the road 

markings can have since the purest white is the maximum value in the scale. The 

intensity was used due to the distinct difference in the intensity between the asphalt 

and the painted road lines. 

 

Also in this function, the mean value and standard deviation was used for making an 

upper and lower limit for the values. In this case however, the result was not satisfying. 

Therefore new values were tested until the filtering results were more satisfying. 

Additional attribute values that are used when filtering is to only use the points that 

belongs to the classes on the ground surface. 

 

To remove the points that do not belong to the road surface, the trajectories are 

projected down on the ground. A polygon is then created between these trajectories and, 

on the contrary towards the filtering of the road signs, all the data outside the polygon 

is discarded. 
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2.1.3 Reduce noise 

 

When the point cloud is reduced to the points that are interesting for the classification 

there is still the matter of fact that the dataset in some extent will consist of noise. If 

the noise is left in the dataset, errors will occur in the digitisation step. On the other 

hand, if the noise is reduced too much, there is a chance that some points that are of 

interest for the digitisation may be removed, hence digitising too few objects.  

There are some different methods that can be used to reduce noise in a point cloud. The 

main working method of the functions used in this thesis is to compare the point density 

of the remainder of the points. The general idea is that the filtering process will leave a 

high density of points in the areas where the objects of interest are located and just 

singular or few points spread over the rest of the study area which also fulfils the 

requirements for filtering. Hence the points with low point density values can be 

discarded. 

The way this is done is by projecting the 3D points into a 2D grid, similar to a raster 

(Figure 2.5 & 2.6). Each cell then gets a value (density value) representing the number 

of points that were projected down inside that specific cell (Figure 2.7). The points are 

then restored into its former shape as 3D points where each point inherits the density 

value from the cell that the point belonged to. The points with low density values can 

therefore be discarded. 

 

 
Figure 2.5 Conceptual image representing points in a point cloud. 
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Figure 2.6 Conceptual image representing points that have been projected to a 2D surface grid. 

 

 

 
Figure 2.7 Conceptual image of how the grid counts the number of points projected into each grid. 

 

 

The second method for reducing noise is to remove points based on their position. For 

example it is not impossible that a road sign and a side of a car have the same abilities. 

Both can be of the same height and have similar intensity. Therefore it would be helpful 

to remove all the points that are reflected from a car. A method of doing this is to 

create a polygon using the trajectories and remove all the points over this polygon. This 
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would work well if the user were to look for road signs located next to the road only, not 

over the road. 

 

2.1.3.1  Road signs 

 

When removing noise for the road signs the method of comparing the density values 

were used. A road sign has a relative big difference between its maximum and minimum 

z-value, i.e. it is a tall object. Tall objects have the ability of regaining a high density 

value. Theoretically, an object can be as tall as possible and still all the points will be in 

the same grid. This gives the points for the signs a high density value. 

 

2.1.3.2  Painted road lines 

 

When removing the noise for the painted road lines the method used is comparing the 

density values and removes the points with low values. Since the road markings are very 

distinguished from the rest of the road surface, especially in the sense of colour, but also 

in intensity value, the noise expected to be found is sparse and spreaded. 

 

2.1.4 Identify objects 

 

When the point cloud is filtered and the noise is reduced it is time to identify the 

objects of interest in the point cloud. This is done through shape recognition. A TIN is 

created between all the filtered and noise reduced points using Delaunay triangulation. 

This means that the points are connected to each other with lines to create a 

triangulated network where the smallest angle should be as large as possible (Figure 2.8 

& 2.9). Each triangle is then enclosed by a circle with the smallest possible radius. If 

this radius is big, the points have a long distance between each other, if it is small, the 

points are closer to each other (Figure 2.10). The threshold for this circumradius is set 

manually depending on object of interest. All this is done on a plane in 2 dimensions. 

This means that the height value for each point is removed in this step. The output will 

be a polygon or a hull around each set of triangles with a circumradius lower than the 

threshold (Figure 2.11 & 2.12). Out of these polygons, both the centre point of gravity 
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and the medial axis of the hull can be extracted. These features can then be analysed in 

relation to the boundary lines of the polygons. 

 

 
Figure 2.8 Conceptual image of filtered, noise reduced points in the point cloud 

 

 

 
Figure 2.9 Conceptual image of a TIN created by points in the point cloud 

 

 

 
Figure 2.10 Conceptual image of a TIN where all triangles are enclosed by a small circle as possible. The green 

circles represent a distance between the points that is within a given threshold while the red circles represents a 

distance that is too long. 

 

 

 

 
Figure 2.11 Conceptual image of how the TIN is divided into different TINs. 
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Figure 2.12 Conceptual image of how the outer lines from the TINs are forming the different hulls. 

 

 

2.1.4.1  Road signs 

 

From the points that are filtered and noise reduced, the 2D-hulls representing the road 

signs are created using a circumradius of 0.5 meters. These hulls should have rectangular 

shapes since they represent the signs from above (Figure 2.13). The centre point or the 

gravity point of the shape is extruded and the hull is split at the corners, making the 

polygon edges into line segments. Since a sign is a relatively thin object, a distance 

between the centre point and the nearest located boundary line can be used as a 

threshold of identifying what is a sign and what is not. If the distance is shorter than 

0.1 meters, this hull is classified as a sign (Figure 2.13). 

 

There are however hulls left that do not represent road signs. An example of a hull that 

do not represent a road sign but may still be in the filtered and noise reduced data set is 

a hull representing a lighting pole. Parts of a lighting pole may be located at the same 

height as the traffic sign and since both signs and lighting poles are made of metal, there 

is a possibility that they both have similar intensity. Points belonging to a lighting pole 

that is not filtered out already may also have a high density value since the pole is a tall 

object. Often though, a lighting pole has a bigger diameter than the thickness of a road 

sign (Figure 2.14). 

   

 
Figure 2.13 Conceptual image of the hull's boundary lines around a road sign, its centre point and the shortest 

distance between the centre point and the boundary line. 
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Figure 2.14 Conceptual image of the hull’s boundary lines around an object with a circumradius longer than 0.1 

meters. 

 

 

 

2.1.4.2  Painted road lines 

 

From the points that are filtered and noise reduced, the hulls representing the painted 

road lines are made by using the maximum circumradius of 0.5 meter. The created hulls 

represent the painted road lines in form of a set of polygons. Some of these road line 

polygons are long and thin, such as the continuous lines, and some are shorter, such as 

the dashed lines in the middle of the roads. From the created hulls, a medial axis is 

created which replaces the hull. The medial axis is a subset of the hulls skeleton where 

the edges that shares a vertex with the original data are removed (Figure 2.15 and 2.16) 

(Safe, 2015d). 

 

The medial axis only consists of one line with no branches (Figure 2.17). From each 

medial axis, the start and end node and all the vertices that previously were where the 

line is now are extracted. These points now serve as a representation of the lines and 

therefore represent the painted road lines (Figure 2.18). 
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Figure 2.15 Conceptual image of how the skeleton of the hull is created. 

 

 
Figure 2.16 Conceptual image of how the hulls are removed from the skeleton. 

 

 
Figure 2.17 Conceptual image of how the medial axis now represents the painted road lines. 

 

 

 
Figure 2.18 Conceptual image of how the start and end node and vertices that was previously on the medial axis now 

represent the painted road lines. 

 

There is still a possibility that some of the points left in the data do not belong to the 

painted road lines. These points that do belong to painted road lines needs to be 

identified.  

 

This is done by comparing the azimuth of the points with the azimuth of the trajectory. 

The points inherit its azimuth from the medial axis of the hull. The trajectory is divided 

up into small strips of lines. The distance between each point in the painted road lines 

and the nearest neighbouring trajectory strip is calculated. The azimuth of the point is 
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compared to the azimuth of the nearest trajectory strip. If the ratio between the 

azimuths is greater than 5% the points will be discarded. If the ratio between them is 

lower than 5% the points will be saved as parts of road markings (Figure 2.19). 

 

 
Figure 2.19 Conceptual image of how all the azimuths for the filtered points belonging to the painted road lines are 

compared with the azimuth from the nearest neighbouring trajectory strip. 

 

If the ratio between these two azimuths is within the desired threshold the point is 

saved as a part of the painted road line, otherwise the point is discarded. The blue 

arrows represents the azimuth of the points belonging to the painted road lines, the 

green arrows represents the azimuth of the divided trajectory and the red arrows 

represents the azimuth of the discarded points, not belonging to the painted road lines. 

 

This identification step can be performed due to the assumption that the vehicle has 

been driven on the road in the same direction as the road follows, all the time. This 

means that the vehicle has been following the painted road lines relatively well all the 

time. So if the road turns, the painted road lines turns and so will the scanning vehicle. 

It is therefore likely that points with different azimuths from the trajectory do not 

belong to the painted road lines. 

 

2.1.5 Write/Digitalise  

 

When the objects are identified it is time to digitise the information and represent it 

with a single object. The information that was stored in the point cloud will now be 
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represented with single geometries that are easier to work with and requires less storage 

space. Depending on specification, each geometry might contain of different metadata 

such as type, position, size id etc. The method of digitising different objects is different 

depending on which output that is desired. Examples of different outputs are points, 

lines, polylines or polygons and different formats can be in 3D-pdf for viewing, in a CAD 

(.dwg file) as a basis for further processing or in a shape file for a GIS analysis. 

 

2.1.5.1  Road signs 

 

For digitising the road signs, the centre points of the hulls are extracted and draped on 

to the filtered data for obtaining the H-value. The output will be one point for each 

sign, located in the middle of the sign in N, E and H-plane. The output format and 

coordinate system can be specified by the user depending on the further usage of the 

information and the requirements.   

 

2.1.5.2  Painted road lines 

   

From the identification step where the painted road lines are represented as points 

(Figure 2.20), the aim is to connect these points into single geometries. The first step is 

to sort the points in an order along the trajectory. This is done through assigning the 

points GPS time stamps from one scan line. It is important that it is only from one of 

the scan lines since otherwise the timestamp will differ in hours or even days depending 

on how big the time difference is between the different drivings. If the time differs too 

much the function will not be able to sort the points in a desired way. The points that 

represents the painted road lines inherits the GPS time stamp from its nearest 

neighbour in the point cloud (Figure 2.21 and 2.22). 
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Figure 2.20 Conceptual image of how the filtered, noise reduced point cloud may look like, where the blue points 

represent points in the point cloud belonging to the road lines. 

 

 

 
Figure 2.21 Conceptual image of how the filtered, noise reduced point cloud may look like, where the blue points 

represent points in the point cloud belonging to the road lines and the red points represent other points belonging to 

the point cloud. 
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Figure 2.22 Conceptual image of how the filtered, noise reduced point cloud may look like, where the blue points 

represent points in the point cloud belonging to the road lines, the red points represent other points belonging to the 

point cloud and the blue lines represents the nearest neighbours between the points belonging to the road markings 

and the other points in the point cloud. The blue points inherit the GPS-timestamp from its nearest neighbour. 

 

 

When the points are sorted the next step is to group them in order to get six individual 

lines, grouped line by line. The base for the grouping is two trajectories, one on each 

side of the road. The distance from all points to the closest trajectory is calculated and 

a filtering process based on these distances is done for grouping them into their 

respective lines. All points that are within X meters of the trajectory will be grouped as 

one line, all points within Y meters of the trajectory will be grouped as another line and 

so on (Figure 2.23). 

 
Figure 2.23 Conceptual image of how the filtered points belonging to the painted road lines are grouped in relation to 

the trajectory. The blue points represent points in the point cloud belonging to the road lines, the green line 

represents the trajectory and X, Y and Z represent the distance from the Trajectory. 
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Then one last filtering process is done based on the azimuth for the trajectory and the 

azimuth for the points which is inherited from the medial axes that the points are 

extracted from. The trajectory is divided into 1 meter long strips. Each trajectory strip 

has a location and an azimuth (Figure 2.24). 

 

 
Figure 2.24 Conceptual image of how all the filtered points belonging to the painted road lines inherits a azimuth from 

the centreline and how the trajectory is divided into smaller parts, each part with its own azimuth. The blue arrows 

represent the azimuth of the points belonging to the painted road lines and the green arrows represent the azimuth of 

the split trajectory. 

 

 

The last step is to connect the points to each other based on their group in the sorted 

order (Figure 2.25). This means that the points are now being connected in the order 

they retrieved by the assigned GPS time. The points are connected in ascending order, 

each line by themselves. Since the height value is lost when creating the 2D hull it needs 

to be regained. This is done by draping the features over the point cloud. The painted 

road lines have now been created and the only thing left is to specify the output format 

and coordinate system depending on the requirements and further usage.   
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Figure 2.25 Conceptual image of how the points belonging to the painted road lines are being connected as a polyline. 

The blue points represent points in the point cloud belonging to the painted road lines and the individual, coloured 

polylines represents the digitisation of the different painted road lines. 

 

 

2.1.6 Control    

Regardless of how reliable the functions that are being built are, there will always be a 

need for controlling the results manually. To assume that a function will work perfectly 

every time for every data set is unrealistic. The controlling part in the previously used 

method is basically the entire working method, where the objects are digitised manually 

with the point cloud as background. When using this method, the digitised objects 

coincide with the laser data. 

 

When using the new proposed method stated above, the control becomes less 

demanding. Instead of drawing the objects, the user checks that the new digitised 

objects coincide with the objects that is searched for and corrects them if needed.  

In this thesis it is in this step that the statistic controls of the accuracy of the functions 

are made.  

 

2.1.6.1  Road signs 

 

The road signs are digitised as points, were one point represents one sign. To control 

that these points are located where the signs are located, the user controls that the 
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points coincides with the signs in the point cloud. If the point does not coincide with a 

sign, the point is discarded. 

The road signs are here evaluated to see how accurate the function is. The number of 

road signs that are found by the function is compared to the number of road signs that 

was found manually in the data set. 

 

 

2.1.6.2  Painted road lines 

 

The painted road lines are digitised as continuous polylines, where one polyline 

represents a painted road line. The road markings are controlled in a similar way as the 

road signs. The draped polylines are placed on to the point cloud and the controller 

checks if the polylines coincides with the painted road lines in the point cloud. 

Depending on the desired accuracy for the project, the polylines can be altered manually 

to fit the painted road lines in the point cloud.  

The accuracy of the function for the painted road lines are evaluated here. It is based on 

852 measurements made between the painted road lines in the point cloud and the 

polylines created by the function. The goal is to have a perpendicular distance of less 

than 10 centimetres between the objects. 

 



3  Results 
 

3.1.1 Identifying characteristics for objects of interest 

 

3.1.1.1  Road signs 

 

When identifying the characteristics of the road signs, the most distinguished attribute 

in comparison to its surroundings was the intensity value for the signs. When looking at 

the 100 chosen points there was a spread in the values between 176 and 254 were 176 

was the one and only value below 200. 80% of the points had an intensity value of 254 

and the mean value was 247. When looking at this statistic and using the standard 

deviation of 15, the thresholds for the intensity values was 232-262. 

 

The classes that were used were number 4 and 5 which represents medium vegetation 

and high vegetation. 

 

The scanner that was used was scanner number 1 which is the scanner on the vehicle 

facing forward towards the right hand side (Table 3.1). 

 

Table 2.1 The characteristics for the road signs when using the standard deviation 

Attribute Value 

Intensity 232-262 

Class(es) 4, 5 

Scanner(s) 1 
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3.1.1.2  Painted road lines 

 

The characteristics for the painted road lines brought an unexpected difficulty. Since the 

vehicle had been moving in the right lane both of the drivings, there were some 

differences in the attributes between the markings that were on the left hand side on the 

road and the ones that were in the middle and on the right hand side of the road. 

 

The differences were in the colour and intensity values, were the markings on the left 

hand side generally had a lower intensity value and a higher colour value than the rest 

of the markings. 

 

Therefore information about two different groups of points were gathered, one for the 

painted road lines that were towards the middle of the entire road (further away from 

driving trajectory) and one for the other road lines (closer to the trajectory) (Figure 

3.1). 

 
Figure 3.1 Image showing the point cloud visualized on intensity value where the two different groups of painted road 

lines (Near the scanner and further away from the scanner) are highlighted. 

 

The attribute values for the road markings were more spread than for the signs.  

When looking at the values from the lines located furthest away from the trajectory 

(Table 3.2), the intensity values differed between 149-196. Since the colour in this case 

was important due to the fact that all the lines are white, these values were also 

examined. The values for Red differed between 112-207, Green differed between 120-213 

and Blue differed between 130-219. The average for the intensity, Red, Green and Blue 
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were 170, 166, 170 and 176 respectively. The standard deviation for the intensity was 

10, putting the lower and upper limit for the intensity to 160-180. 

 

The standard deviation for the Red, Green and Blue was 21, 19 and 17 respectively 

making the lower limit for the road markings colour values 145, 151 and 159 

respectively. 

 

The classes that have been used are number 1, 2 and 14 which corresponds to 

Unassigned, Ground points and Hard surface respectively. 

All the scanners were used. 

 

Table 3.2 Characteristics for the road markings furthest away from the scanner when using the standard deviation 

Attribute Value 

Intensity 160-180 

Class(es) 1, 2, 14 

Scanner(s) 1, 2, 3, 4, 5, 6 

Red >145 

Green >151 

Blue >159 

 

When looking at the values from the lines located near the trajectory (Table 3.3), the 

intensity values differed between 178-245. The values for Red differed between 111-207, 

Green differed between 116-210 and Blue differed between 110-205. The average for the 

intensity, Red, Green and Blue were 209, 146, 150 and 156 respectively. The standard 

deviation for the intensity was 10, putting the lower and upper limit for the intensity to 

199-219. 

 

The standard deviation for the Red, Green and Blue was 18, 18 and 20 respectively 

making the lower limit for the road markings colour values 128, 132 and 136 

respectively. 
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The classes that have been used are number 1, 2 and 14 which corresponds to 

Unassigned, Ground points and Hard surface respectively. 

All the scanners were used. 

 

Table 3.3 Characteristics for the road markings closer to the scanner when using the standard deviation 

Attribute Value 

Intensity 199-219 

Class(es) 1, 2, 14 

Scanner(s) 1, 2, 3, 4, 5, 6 

Red >128 

Green >132 

Blue >136 

 

In the case of the painted road lines, many different combinations of attribute values 

were tested. When using the values stated above in the filter function, the filtered point 

cloud contained more noise than what was desired (Figure 3.4 and 3.5). New values 

were therefore tested until the filtered point cloud had less noise. 

For the painted road lines located closer to the scanner (Table 3.4) the intensity value 

was set to 185-221, the Red, Green and Blue values were set to 137, 145 and 141 

respectively. 

 

Table 3.4 Characteristics for the road markings closer to the scanner 

Attribute Value 

Intensity 185-221 

Class(es) 1, 2, 14 

Scanner(s) 1, 2, 3, 4, 5, 6 

Red >137 

Green >145 



Chapter 3. Results  56 

 
 

Blue >141 

 

For the painted road lines located further away from the scanner (Table 3.5) the 

intensity value was set to 150-190, the Red, Green and Blue values were set to 148, 176 

and 172 respectively. 

 

Table 3.5 Characteristics for the road markings further away from the scanner 

Attribute Value 

Intensity 150-190 

Class(es) 1, 2, 14 

Scanner(s) 1, 2, 3, 4, 5, 6 

Red >148 

Green >176 

Blue >172 

 

3.1.2 Filter 

 

3.1.2.1  Road signs 

 

When filtering the data looking for the road signs there is a vast amount of data being 

reduced in comparison to the initial point cloud (Figure 3.2). After the filtering process, 

the signs appear very clear and distinguishable from the rest of the environment (Figure 

3.3). The data is reduced on three different parameters, intensity, scanner and height 

classification. The dataset now contains of 14 546 points compared to 208 766 612 

original points (0.00697%).  
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Figure 3.2 Unfiltered point cloud showing one sign and surrounding points. 

 

 

3.1.2.2  Painted road lines 

 

When filtering the data when looking for the painted road lines there is also here, a vast 

amount of data being reduced. The painted road lines appear very clear and 

distinguishable from the rest of the environment. As can be seen in Figure 3.4 and 3.5, 

where the point cloud have been filtered using the values from Table 3.2 and 3.3, there 

is a lot more noise than when using the values taken from Table 3.4 and 3.5, shown in 

Figure 3.6 and 3.7.  

 

Figure 3.3 Filtered point cloud showing road signs visualized by intensity value. 
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Figure 3.4 Filtered points representing the painted road lines using the values from Table 3.2 and 3.3 

 

 

 
Figure 3.5 Filtered points representing the painted road lines using the values from Table 3.2 and 3.3 
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Figure 3.6 Filtered points representing the painted road lines using the values from Table 3.4 and 3.5 

 

 

 
Figure 3.7 Filtered points representing the painted road lines using the values from Table 3.4 and 3.5 
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3.1.3 Reduce noise 

 

3.1.3.1  Road signs 

 

To reduce the noise when looking for road signs both the methods of removing all the 

objects above the road surface was used as well as the method of comparing the point 

density. When comparing the point density, the size of the grids was set to 1x1 meters. 

Using this size on the grid, a lower threshold for the density value was set to 25 points 

per cell. With this technique near 50% of the filtered points was removed.    

 

As can be seen in Figure 3.8 and 3.9, there are a lot less noise left in these pictures 

compared with Figure 3.3. Some, if not all, of the noise seen in Figure 3.8 and 3.9 are 

other segments belonging to signs. 

 

 
Figure 3.8 Results after noise reduction on the filtered data for road signs 
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Figure 3.9 Result after noise reduction on the filtered data for road signs 

 

 

3.1.3.2  Painted road lines 

 

The method used for reducing the noise when looking for road markings was by 

comparing the point density. The size of the grids was set to 1x1 meters. With this size 

on the grid, a lower threshold for the density value was set to 10 points per cell.  

 

As can be seen in Figure 3.10 and 3.11, there are still a lot of noise left after the noise 

reduction has been made, using values taken from Table 3.2 and 3.3 in the filtering 

process. 

When looking at Figure 3.12 and 3.13, there are a lot less noise in these images. These 

have been noise reduced after filtering on values taken from Table 3.4 and 3.5. 
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Figure 3.10 Image of a noise reduced point cloud using values from Table 3.2 and 3.3 

 

 

 
Figure 3.11 Image of a noise reduced point cloud using values from Table 3.2 and 3.3 
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Figure 3.12 Image of a noise reduced point cloud using values from Table 3.4 and 3.5 

 

 

 
Figure 3.13 Image of a noise reduced point cloud using values from Table 3.4 and 3.5 
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The attribute values used in the functions for painted road lines will in the remainder of 

this thesis be the ones taken from Table 3.4 and 3.5. 

 

3.1.4 Identify objects 

 

3.1.4.1  Road signs 

 

When identifying the road signs, some of the hulls were classified as road signs (Figure 

3.14) while some of the hulls were discarded as not being a road sign (Figure 3.15). This 

is due to the shortest measured distance between the centre point of the hull and the 

hull’s boundary lines. 

 

 
Figure 3.14The 2D-concave hull with centre point from one of the road signs based on noise reduced data. The 

shortest distance between the centre point and the hull’s boundary lines was within the threshold of 0.1 meters, 

identifying this object as a road sign. 
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Figure 3.15 The 2D concave hull for an object that was not identified as a road sign. The shortest distance between 

the centre point and the hull’s boundary lines was not within the threshold of 0.1 meters, hence this hull was discarded 

as not being a road sign. 

 

 

3.1.4.2  Painted road lines 

 

The method for identifying the painted road lines is based on the hulls and the centre 

lines for the hulls. In Figure 3.16 and 3.17, examples of the 2D hulls can be seen as a 

polygon around the different parts of the painted road lines. 
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Figure 3.16 2d-hulls representing the painted road lines 

 

 

 
Figure 3.17 2d-hulls representing the painted road lines 

 

In Figure 3.18 and 3.19, the hulls have been replaced by the centre lines of the hulls. 

The azimuths of the centre lines have then been compared to the azimuths of the 
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trajectory so the figures now only contains of the centre lines that represents the 

painted road lines. 

 

 
Figure 3.18 Centre lines created from the hulls, representing the painted road lines. 

 

 
Figure 3.19 Centre lines created from the hulls, representing the painted road lines. 
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3.1.5 Digitising 

 

The digitised object is the end result of the functions. These are the objects that are 

later manually controlled and used for whatever purpose the user wants. 

 

3.1.5.1  Road signs 

 

The digitised object of a road sign is the point that represented the centre point of the 

hull in the identify step. The points can now be draped on to the point cloud for 

visualization and control (Figure 3.20 and 3.21). 

 

 
Figure 3.20 The centre point from a hull classified as a road sign, draped on a point cloud. 
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Figure 3.21 The centre point from a hull classified as a road sign, draped on a point cloud. 

 

3.1.5.2  Painted road lines 

 

The process for digitising the painted road lines contains of extending the centre lines 

and connect them to each other. Each of the road line gets represented by one 

individual line (Figure 3.22 and 3.23). 

 

 
Figure 3.22 White polylines representing the entire painted road lines, extracted with the proposed automatic method 

 

 

 
Figure 3.23 White polylines representing part of the painted road lines extracted with the proposed automatic method 
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3.1.6 Control 

 

3.1.6.1  Road signs 

 

The identifying process for the road signs ended up in 21 objects classified as signs. The 

number of signs manually identified in the point cloud was 22. 

 

These results however are quite misleading. Some of the signs were divided into multiple 

hulls. This leads to that some signs were represented as multiple signs. When controlling 

the results with the point cloud there was also some objects that had been registered as 

a sign that was not a sign. The number of signs that was manually identified in the 

point cloud was 22. However, only 16 out of these signs were located on the scanned 

road. 6 signs were positioned on road segments that had not been scanned by the 

vehicle, for example on top of an overpassing bridge or at an exit road.  

Out of these 16 signs, 15 were automatically classified as road signs and 1 was not 

found. Out of the 21 objects classified as signs, 2 were incorrectly identified as signs 

(Table 3.6). 

 

 

Table 3.6 Results of the controlled results 

 
Signs 

identified 

Total 

incorrect 

identification 

Signs along the 

scanned road 

Signs not located 

along the 

scanned road 

M anually 

classified signs 
22 0 16 6 

Automatic 

classified signs 
21 2 15 4 

Accuracy (%) 95 - 94 67 
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3.1.6.2  Painted road lines 

 

The automatic method can easily be compared to the fully manual method where the 

painted road lines were extracted by hand (Figure 3.24). 

 
Figure 3.24 Red polylines representing part of the painted road lines extracted manually and white polylines extracted 

with the proposed automatic method, partly zoomed. 

 

 

The polylines representing the painted road lines can then be draped on to the point 

cloud for visualization and control (Figure 3.25, 3.26 and 3.27). 

 

 
Figure 3.25 Red polylines representing part of the painted road lines extracted with the proposed automatic method on 

top of point cloud visualized on intensity value, partly zoomed 
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Figure 3.26Red polylines representing part of the painted road lines extracted with the proposed automatic method on 

top of point cloud visualized on intensity value, medium zoomed 

 

 
Figure 3.27 Red polylines representing part of the painted road lines extracted with the proposed automatic method on 

top of point cloud visualized on intensity value, more zoomed 

 

The results from when comparing the automatic function with the point cloud differs all 

over the dataset. At most of the places the polyline corresponds well with the point 

cloud (Figure 3.28) regarding positioning, but on some occasional places (Figure 3.34 for 

distribution of measurements) there was a significant difference (Figure 3.29). 

An average value for the sideway distances between the points in the point cloud that 

represents the painted road lines and the automatic extracted polylines is 3,8 

centimetres, using 852 measurements taken from both extreme decentralized polylines 

(Figures 3.30) and centred polylines (Figure 3.28). The minimum value for the samples 

was 0 cm and the maximum value 60 centimeters with a standard deviation of 5.9 

centimeters. 

91% of the measurements done are within the 0.1 meters margin of error (Figure 3.34). 
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Figure 3.28 White polyline representing part of the painted road lines extracted with the proposed automatic method 

on top of point cloud visualized on intensity value, zoomed in. The polyline is positioned in the center of the points 

that represents the painted road lines. 

 

 
Figure 3.29 White polyline representing part of the painted road lines extracted with the proposed automatic method 

on top of point cloud visualized on intensity value, zoomed in. The polyline is positioned 20 centimetres next to the 

points that represents the painted road lines. 
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Figure 3.30 White polyline representing part of the painted road lines extracted with the proposed automatic method 

on top of point cloud visualized on intensity value, zoomed in. The polyline is skewed towards the painted arrow in 

the asphalt. 

 

Some parts of the automatic generated polylines contains of jagged areas (Figures 3.31 

and 3.32). These parts of the lines have had points parallel to each other that have not 

been filtered out. 
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Figure 3.31 Polylines representing the painted road lines, extracted with the proposed automatic function, where the 

nodes are not sorted correctly, hence the line is doubled. 

 

 

 
Figure 3.32Polylines representing the painted road lines, extracted with the proposed automatic function, where the 

nodes are not sorted correctly, hence the line is doubled. The blue points are nodes and the distance from the left 

nodes to the right node is 6 meters. 

 

In one of the areas in the data set, the automatically extracted polylines did not 

correspond well with the other painted road lines at all (Figure 3.33). This and all of the 

other misalignments mentioned above are discussed in the discussion part of this thesis. 
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Figure 3.33 Polylines representing the painted road lines, extracted with the proposed automatic function, where it is 

obvious that the third line from the top is misplaced in relation to the other lines. 

 

 

 
Figure 3.34 The distribution of the measured distances between the polylines representing the painted road markings 

extracted with the proposed automatic method and the centre of the painted road lines 

 



4  Discussion 
 

 

4.1.1 Identify characteristics/filtering 

 

The parts when identifying characteristics for the different objects brought some 

unexpected difficulties, the biggest one for the painted road lines. After realising that 

there was a significant difference in the attribute values between the road lines located 

near and the road lines located further away from the scanner, different point samples 

were collected from different road lines. In retrospect however the difference in intensity 

value is not that surprisingly. The reason for the difference in the intensity values is 

that the distance between the scanner and the painted road lines were longer for the 

ones closer to the middle of the road than for the other ones. This also means that the 

angle between the scanner and the painted road lines further away from the scanner is 

bigger (Figure 4.1). This leads to that the signal that is reflected back from the 

markings further away loses more energy than the ones nearer, hence the lower intensity 

value. 

 

 
Figure 4.1 Conceptual image of how the angle between the scanner and the painted road lines located furthest away 

from the scanner increases when the distance increases. 
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Another factor regarding identifying the characteristics is that perhaps 100 points is not 

enough for representing the data set in a statistically significant way. Therefore the 

thresholds decided for the different functions might not be representative. This became 

clear especially in the case with the painted road lines, where the initial values retrieved 

from the 100 points was discarded and the procedure was repeated until the results was 

better.  

 

The issue with this method is that it is not fully automatic since new characteristic 

values needs to be updated manually depending on the data set. However if this 

procedure is repeated with several datasets, there are possibilities for machine learning 

algorithms to find characteristics automatically.  

 

When inspecting the results from the filtering process using the statistically calculated 

thresholds for the painted road lines it became obvious that the intervals were too wide. 

The filtering step did not succeed in removing enough noise from the dataset. The 

density of the noise was too high, leading to that the noise reduction part was inefficient 

since it is based on point density. On the contrary, when altering the point density 

threshold for the noise reduction, big parts of the painted road lines were removed while 

the noise was still left. With this in mind, the new intervals that were narrower were 

chosen.  

 

When comparing the results for the road signs using the initial chosen thresholds and 

for the painted road lines using the thresholds from the iterative method with the initial 

point cloud, the overall opinion of the functions is that the results were satisfying and 

therefore the thresholds seems fit. 

 

The characteristics and therefore the rest of the functions will not necessarily be the 

same for different datasets scanned with the same system. A lot of external factors 

affect the data when collecting data. The dataset used in this thesis was collected during 

the fall of 2014. During the fall, the entire road and its surroundings are damp. Damp 

objects gets different attribute values both regarding intensity and colour in comparison 

to dry objects. 

 

One of the most important aspects to have in mind for this thesis is that these functions 

are adapted for this dataset. The dataset only contained road signs on the right hand 



Chapter 4. Discussion   79 

 
 

side of the road. If the dataset would have contained road signs over the road or at the 

left hand side of the road, these signs would not have been identified as signs using the 

parameters from this thesis. This is mainly due to the fact that the scanners that faces 

the left side of the vehicle was not used during the filtering process and that all data 

that is located within the road surface is removed. There is no need however to remove 

all the data from the road surface and the user have the option of using other scanners 

than the ones stated in this thesis. 

 

Regarding the painted road lines, the dataset used in this thesis contained four driving 

lanes and six painted road lines. It also contained of some entry and exit lanes and some 

painted road arrows. Since the entry and exit lanes were not driven by the scanning 

vehicle, these parts and the painted road lines delimiting these areas was not sought for 

in this thesis. If these parts would have been driven however, there would be no 

difficulties to identify and digitise them using the grouping part in relation to the 

trajectory. The function for digitising the painted road lines is adapted for the dataset 

used in this thesis. If however the road would contain of additional driving lanes, the 

painted road lines delimiting these could be digitised by adding extra groups in relation 

to the trajectory. 

 

4.1.2 Reduce noise 

 

The method for reducing noise is not necessarily perfect. If for example a big sign is 

being projected down on a grid, there is a chance that every point that is a part of that 

particular sign will not be projected down into the same cell. Depending on what 

threshold that are being set for the density value, a smaller part of the sign, that might 

have been projected into its own grid might get a lower density value than the threshold 

and therefore be discarded as noise. An example of this can be seen in Figure 3.9 where 

a circular sign is not fully circular.  

 

There is also a possibility that a sign is divided into multiple cells where each cell gets a 

density value lower than the threshold. This leads to the whole sign being discarded as 

noise. 

 



Chapter 4. Discussion   80 

 
 

The values used for the cell sizes and the point density when doing the noise reduction 

were chosen by testing different grid sizes and comparing the point density values to see 

if there was any differences between the noise and the objects sought for by the 

functions. Using a lower cell size decreased the calculation speed and increased the 

probability of signs being divided into different cells. Using a larger cell size increased 

the possibility for the noise and the objects sought by the function to be projected down 

into the same cell, giving the noise the same point density value as the objects.  

 

Although a road sign may look like a quite unique feature in comparison to its 

surroundings, it is not realistic for the filter to do a near perfect classification of all the 

points. There will always be points that do not belong to a road sign that will have the 

same attributes as a road sign. This is why the noise reduction is necessary.  

 

Also, there is always a possibility that the noise reduction will remove points that 

belongs to the objects that is sought for. This became clear when reducing the noise for 

both road signs and the painted road lines. However, the points that were incorrectly 

removed as noise was sparse and did not affect the final results in any measurable 

extent.  

 

One problem addressed in this thesis is the similarity between the cars located on the 

driven road and the road signs. One possible solution to remove these moving vehicles 

could be to remove the points where the same area have been scanned multiple times 

but there have only been one re-emitted signal from the same position. This would 

imply that an object in this position has moved. 

 

4.1.3 Identify objects 

 

All the points that do not belong to the objects that the functions has sought for but 

still is left in the data set needs to be removed in this step.  

 

The method used for this part is based on the geometric shapes of the remainder of the 

hulls. In general this method has proven to work out quite well. Some hulls that 

belonged to other objects such as trees or lighting poles were removed and not classified 
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as signs. Also most of the noise that was still left in the filtered dataset when looking for 

the painted road lines was removed in this step. 

There are however many factors that affect this method and this step in particular.  

 

The shortest distance between the centre point of the hull and the hull’s boundary lines 

can be altered by the user depending on what the user seeks to find. The chosen value 

of 0.1 meters has no scientific ground at all. Basically one of the few objects that might 

be classified as a road sign wrongly are poles and since the dataset was taken from the 

motorway and the only poles that are on the highway are lighting poles which are quite 

massive, 0.1 meters worked out well. If the data however would have been collected 

from a more urban area, there would probably be more poles around with a smaller 

circumradius. In this case the poles would probably have been classified as road signs 

using 0.1 meters. On the other hand, some of these poles might have a road sign located 

on top of them. 

 

Other objects that might be classified as road signs are trucks or cars. A side of a truck 

might have the same shape, be located a similar height and have similar intensity as a 

road sign. The expectation is that more than one side of the car would be scanned, 

making the hull thick, thus making the distance between the centre point and the hull’s 

boundary lines longer than 0.1 meters. If however this isn’t the case, the truck will need 

to be removed in the control part.  

 

There is a possible solution of removing these trucks automatically, using similar 

techniques when comparing azimuths between the trajectory and the painted road lines. 

In this case, the azimuth of the medial axis for the hull representing the sign would be 

compared to the azimuth of the trajectory. Since a lot of the truck sides are parallel to 

the trajectory and a majority of the road signs are near perpendicular to the trajectory, 

the medial axes parallel to the trajectory would probably be a side of a truck. However, 

using this method would mean that some road signs that actually are parallel to the 

trajectories would be discarded.  

 

The noise reduction for the painted road lines is performed using the relationship 

between the azimuth of the painted road lines and the trajectory. This works due to the 

assumption that the moving vehicle follows the road such as the painted road lines does. 

However it is not realistic to believe that the moving vehicle, and therefore the 

trajectory, will always follow the painted road lines. If for example there have been an 
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accident on the road and the scanning vehicle will have to turn around the accident, the 

trajectory in this particular area will not have the same azimuth as the painted road 

lines. In this case the painted road lines would be discarded as noise hence being 

removed from the dataset. This must be fixed in the control part. 

 

4.1.4 Digitise 

 

A part of the digitising method for the road signs is carried out during the identification 

stage. The centre point of the hull is the point that represents the road sign. The only 

issue with the centre point is that the height value is set to zero due to the loss of 

height when creating the 2D-hulls. This however can be fixed by draping the centre 

point on to the point cloud, giving the point a correct height value. 

 

The method for digitising the painted road lines is quite straight forward as well. The 

idea is to extend and connect the already existing lines with each other. The biggest 

part of the digitising step is how to group and sort the different points prior to the point 

connection step. The sorting part is evidently not perfect. There are some cases in where 

the polylines representing the painted road lines was jagged (Figure 4.2). 

 

 
Figure 4.2 Polylines representing the painted road lines, extracted with the proposed automatic function, where the 

nodes are not sorted correctly, hence the line is doubled. The blue points are nodes and the distance from the left 

nodes to the right node is 6 meters. 

 

The reason the polylines were jagged is probably due to the fact that the points on the 

painted road lines not necessarily inherited the GPS-timestamp from the surrounding 

point cloud in the desired order. The thought behind the process is that the points in 

the point cloud that are located near the points belonging to the painted road lines will 

have a lower timestamp if the point is located further back on the road than if it is 
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located in the front. This however is evidently not always the case since the polyline is 

jagged in some places (Figure 4.2). 

 

However these jagged areas are not crucial for determining the accuracy of the function. 

There are only some parts which had these type of errors and the difference in sideways 

was often neglectable. 

 

One way of reducing these overlaps is to make a generalisation of the polyline. This will 

remove some of the vertices and the polylines will become smoother. However this 

affects the entire polyline, reducing the accuracy regarding its position. Depending of 

what information the user wants from the data though, this might be a good idea. The 

generalisation of the polylines would probably be a better estimation of the length of the 

painted road lines than the non-generalised version.  

 

 

4.1.5 Control 

 
The control part of the suggested method is the part where the results of the automatic 

methods are evaluated. To have this manual part in the end is justified since the user 

cannot be certain that the methods will be perfect. For the proposed method, the 

control part needs to be dynamic, hence using software such as Terrasolid where the 

user can alter the objects manually. 

 

4.1.5.1  Painted road lines 

 

When performing the control for the painted road lines, the results are within the 

expectations of less than 10 centimetres difference in sideway distance. The average 

distance between the painted road lines in the point cloud and the polylines of 3,8 

centimetres is well within the desired specifications. As mentioned earlier, this value was 

taken both from areas with no misalignment (0 centimetre difference) and extreme 

misalignment (up to 60 centimetres). The sample size of 852 observations is considered 

to be sufficient for representing the entire data set of roughly 6.5 kilometres. Out of the 
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852 samples, 91% out of these were within the margin of error. A lot of the points with 

an error higher than 0.1 meters are the areas where the road splits up to an exit road. 

This shows however that the function was not perfect and therefore confirms that the 

control part is necessary. It also showed some shortcomings in the data. One area in 

particular had a shortcoming of points on the road surface (Figure 4.3 and 4.4). When 

looking at all the data in this area, it is quite clear that there were one or more vehicles 

driving next to the mobile mapping system. This is one of the reasons why the mobile 

mapping system drives each area twice. If some area is visually blocked by another car, 

there is a possibility that on the second driving the road will be more open. In this case 

however the same segments of the road was covered by other cars both of the scannings. 

 

 
Figure 4.3 Red polylines representing part of the painted road lines extracted manually and white polylines extracted 

with the proposed automatic method, both placed on to the laser data. It is obvious that data is missing in this area, 

thus the misplaced automatically generated polyline. 

 

 

 
Figure 4.4 White polyline representing part of the painted road lines extracted with the proposed automatic method on 

top of point cloud visualized on intensity value, zoomed in. The polyline is positioned in the center of the road. As 

can be seen, the parts of the data where the painted road lines should be is missing. 

 



Chapter 4. Discussion   85 

 
 

In this case (Figure 4.3 and Figure 4.4) the absence of points on the road surface was so 

immense that there was no possibility to measure the distance between the polylines and 

the points that represents the painted road lines. 

 

4.1.5.2  Road signs 

 

When performing the control for the road signs function, 21 objects were classified as 

signs. The 2 objects that were incorrectly classified as signs were parts of a truck which 

was located on a rest area outside of the driven road. Two signs that were not located 

on the scanned road were missed by the automatic function. These were two small 

parking signs that probably had to low density value. When comparing the results from 

the automatic function with the manually classified objects, in total 19 objects out of 22 

were correctly identified as signs (86%). The priority however is the signs located on the 

scanned road. If there are objects that are not located on the scanned road that are 

classified as signs and kept after the control part, there is a big chance that these signs 

will have doublets when that part of the road will later be scanned. Since one of the 

causes for this thesis is that the Transport agency wants to inventory the said objects it 

is misleading to keep objects that later can be doublets. With this in mind, the objects 

classified as road signs that were located on the scanned road were evaluated separately. 

16 road signs were manually located on the scanned road and out of these, 15 was 

automatically identified as road signs (94%). No objects were incorrectly identified as a 

road sign. 

 

The sign that was missed in the automatic classification method was located right before 

a bridge. Big parts of the sign was lost in the initial filtering process indicating that the 

intensity value was abnormal in relation to all the other signs. There are several 

different reasons to why this may be. The most likely explanations are that there is 

some kind of abnormality on the sign, such as dirt or the fact that the sign is made out 

of a different material.  

 

Even though 94% must be regarded as a good result, when doing an inventory it is 

preferable to obtain more objects classified as signs than signs in total rather than less. 

It is more time efficient for the user to control a candidate list of signs, discarding those 

who are not signs, than controlling the entire data set. So one possible solution to 
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automatic identify additional signs is to lower the different thresholds in the filtering, 

noise reducing and identifying steps and then manually control the objects. 

 



5  Conclusions 

  
There are many different alternatives and combinations regarding which software to use 

when performing automatic classifications and digitisation on point clouds. The 

conclusion for this thesis and the methods used here however has led to a combination 

between two different software.  

Terrasolid is preferably used for the pre-processing steps where the point cloud gets 

georeferenced and image matched, and in the control step, since the software is user 

friendly and allows the user to manually alter the results.  

For the main parts of the functions, where all the automatic parts are done, FME is the 

proposed software to use. The versatility and the possibilities for FME seem hard to 

match by other software. FME is the only software out of the investigated who 

performed at all regarding the automatic functions. All the automatic functions covered 

in this thesis are performed using FME.  

Pointfuse did not at all meet the expectations, this software is not recommended to use 

for the purpose of this thesis. 

 

Each stage in the proposed method is considered necessary for gaining a satisfying 

result.  

The part of the method which is most time demanding is to analyse the characteristics 

of the objects in the dataset. Since many external factors, such as moist, affect both the 

intensity and the colours of the points, this stage is important for every new dataset.  

The conclusion regarding the results, where the method for the road signs had an 

accuracy of 94% and the method for the painted road lines had an average misalignment 

of only 3,8 centimetres, is that the functions and proposed methods were satisfying in 

relations to the manual methods. 

 

The proposed method shows a less time demanding approach regarding digitisation of 

the road signs and painted road lines. The calculation time for the functions have not 

been evaluated or directly compared to a more manual approach. However the fact that 

the automatic functions allows the user to do something else during the process makes it 

more effective in comparison to the manual approach in a matter of active and passive 
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time. The method is effective in the sense of that the user only needs to be interactive in 

the beginning and in the end. Although the method is evidently not perfect, the end 

results can always be controlled and altered. The methods are regarded as highly 

dynamic since they are easy to adapt for finding whichever objects the user may search 

for, for example poles, wild life fencing and railway environment. 

 

 



 

6  Future studies 

 
The proposed method could work as guidance for generally digitising objects 

automatically from a point cloud. However there are aspects that have not been taken 

into consideration and objects that have not been sought for in this thesis. 

 

Future studies may include the development of functions for finding other objects. For 

example the Swedish Transport Administration has shown interest in inventory the 

status of the wild fencing along the roads. A method could also be created for other 

safety features such as finding potholes and mapping road wears.  

One additional feature could be to analyse the road surface for finding out where basins 

are created and how the water flows on the surface. 

 

Other studies that can be added to this methodology are to make the classification of 

objects even more efficient using for example image matching. To produce a function 

which by itself not only identifies a road sign but also tells you what kind of road sign it 

is would be helpful regarding inventory. 

 

Analyses can also be made using sightlines to find optimal placements of road signs. 

Using the existing positions of the road signs in combination with the sightlines, speed 

limits and curves, a re-evaluation of the road signs positions can be done. Using the 

same information analyses regarding whether or not a segment of a road line should be 

dashed or not can be done prior curves. 

 

Even though this method is faster than digitising the objects manually, there is always 

room for improvements regarding memory usage and parallel processing. 
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8  APPENDIX 

8.1 LAS Classification table  
 

Class code Classification type 

0 Never classified 

1 Unassigned 

2 Ground 

3 Low vegetation 

4 Medium vegetation 

5 High vegetation 

6 Building 

7 Noise 

8 Model key 

9 Water 

14 Hard surface 

 

8.2 Scanner direction table 
 

Scanner id Direction 

1 Right - Forward 

2 Right - Backwards 

3 Left - Forward 

4 Left - Backwards 

5 Right - Right 

6 Left - Left 
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