
3D POINT CLOUD TO BIM: AUTOMATED APPLICATION TO DEFINE IFC 

ALIGNMENT AND ROADWAY WIDTH ENTITIES FROM MLS-ACQUIRED LiDAR 

DATA OF MOUNTAIN ROADS 

D. Lamas 1, *, A. Justo 1, M. Soilán 2, B. Riveiro 1 

1 CINTECX, Universidade de Vigo, GeoTECH Group, Campus Universitario de Vigo, As Lagoas, Marcosende, 36310 Vigo, Spain - 
(daniel.lamas.novoa, andres.justo.dominguez, belenriveiro)@uvigo.gal

2 Department of Cartographic and Land Engineering, Higher Polytechnic School of Ávila, Universidad de Salamanca, Hornos 
Caleros 50, 05003 Ávila, Spain – msoilan@uvigo.gal 

Commission IV, WG IV/9 

KEY WORDS: mobile laser scanning, point cloud processing, infrastructure information models, building information modelling, 

Industry Foundation Classes, road alignment modelling. 

ABSTRACT: 

The growing trend of developing standards of information exchange and management processes is leading to Building Information 

Models (BIM) being adapted to work with linear infrastructure assets. For this reason, the Industry Foundation Classes (IFC) has 

developed standards for linear infrastructure such as roads. Furthermore, the usage of remote sensing technologies, such as Mobile 

Laser Scanning (MLS) systems for infrastructure monitoring is increasingly common. This paper presents an automated methodology 

that takes as input 3D point cloud tiles from an MLS and its trajectory, and outputs an IFC-compliant file that models the alignment of 

the road and the width of the roadway along the length of the road. The methodology is evaluated in 48 km of mountain roads, in some 

cases without road markings, using neither intensity nor colour fields. 

1. INTRODUCTION

Currently, there is a growing trend toward the development of 

applications that allow the storage and exchange of data in a 

practical, user-friendly and reliable way. In most cases, this 

implies that several disciplines, each with its casuistry and 

expertise, are looking for a common ground on which to share 

and structure information. This trend leads to the creation of 

standards that define a way of structuring data to meet those 

requirements. This has led the industry to adopt Building 

Information Modelling (BIM) methodologies (Eastman et al., 

2008). The JRC Technical Reports of the European Commission 

2017 (Poljanšek, 2017) defines BIM as “a digital tool disrupting 

the construction industry as a platform for central integrated 

design, modelling, asset planning running and cooperation. It 

provides all stakeholders with a digital representation of a 

building´s characteristic in its whole life-cycle and thereby holds 

out the promise of large efficiency gains.” 

In recent years, BIM has been a widely used practice in the 

building design process or applied in existing buildings, using 

three-dimensional (3D) digital representations, as well as 

functional and semantic features of the structure (López et al., 

2018). 

In the field of transportation infrastructure, BIM is increasingly 

used over the last years in railways (Huang et al., 2011; Soilán, 

Justo, et al., 2021; Soilán, Nóvoa, et al., 2021),  bridges (Fanning 

et al., 2015; Kaewunruen et al., 2020), and roads (Biancardo et 

al., 2020; Chong et al., 2016; Soilán, Justo, et al., 2021; Zhao et 

al., 2019). This model of information structure is improving the 

interoperability and the integration of the information of large 

construction projects (Bradley et al., 2016; Costin et al., 2018; 

Isikdag et al., 2007). 

As in the case of construction, BIM methodology in existing 

transport infrastructures is also interesting. Point cloud to BIM 

technics are used to acquire as-built modelling of the asset 

(Pətrəucean et al., 2015). This is challenging because it must 

represent the real outcome of the infrastructure, rather than the 

design or ideal asset. 

One of the most widely used technologies for collecting 

geometrical data is Mobile Laser Scanning (MLS). This 

technology allows obtaining geometric and radiometric 

information about the asset in form of point clouds.  There is vast 

literature showing their capabilities in transport infrastructures 

(Ma et al., 2018; Soilán et al., 2019). 

For this reason, several authors have developed algorithms to 

automatically generate geometry from point clouds for BIM. This 

process requires an automatic segmentation of the point cloud 

and the integration of the information in a BIM. 

In this regard, it is important to define how the information 

should be structured in a BIM. The Industry Foundation Classes 

(IFC) is an open standard for generating BIM, created by 

buildingSMART (BuildingSMART - The International Home of 

BIM, n.d.). Over the past years, they have been working on the 

transportation infrastructure domain. The newest version of the 

schema, IFC 4.3, includes linear infrastructure such as road and 

rail. In the road schema, the positions of the assets of the 

infrastructure are related to the alignment of the roadway, which 

typically corresponds to the centre of the roadway. 

To define the alignment from point clouds, several authors have 

developed different methodologies. (Wen et al., 2019) proposed 

a framework for the segmentation, classification and completion 

of road markings. They use U-Net to segment the road markings, 
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a Convolutional Neural Network (CNN) to classify them, and a 

conditional Generative Adversarial Network (cGAN) to 

complete them. With the information of the road markings on the 

edges of the roadway, the generation of the alignment is trivial 

since they define it as the centre of the roadway. (Holgado-Barco 

et al., 2015) developed a semiautomatic road alignment 

extraction using intensity and scan angle thresholds for road 

marking segmentation. In previous works, (Soilán et al., 2020) 

present a semi-automatic methodology to define IFC alignment 

entities of highway roads. The methodology is based on the 

detection of road markings. The road markings are detected 

automatically, and the alignment is generated as a polyline from 

a semi-automatic selection of roadway boundaries. Different 

search windows are applied along the trajectory of the MLS used 

to record the point clouds by searching for marks using intensity 

values. 

As a follow-up to those works, this paper aims to introduce an 

algorithm to improve the generation of IFC models for roads, 

presenting the following contributions: 

1. Alignment extraction method which is applicable in 

complex cases study (mountain roads), where there 

may be no road markings delimiting the roadway.  

2. Calculation of roadway width along the length of the 

road. 

3. A geometry-based methodology that uses neither 

intensity nor colour. 

4. IFC generation including alignment and roadway 

width information. 

5. Fully automatic methodology using as input point 

clouds stored in a tile structure (commonly used in 

topography) and the trajectory of the MLS. 

This work is structured as follows: First, the case study is 

presented in section 2. Then, section 3 describes the proposed 

methodology for the extraction of the alignment and roadway 

width from point clouds and the IFC generation. Then, the 

method is evaluated in section  4. Finally, section 5 presents the 

conclusions of this work. 

2. CASE STUDY DATA 

The scenario used to validate the methodology presented in this 

paper consists of 48 km of mountain roads. These mountain roads 

are winding and two-ways roads, which in some cases have no 

road markings delimiting neither their centre nor their 

boundaries, thus posing a relevant challenge for the development 

of automatic processes. 

The data used to analyse this scenario are 3D georeferenced point 

clouds and the trajectory of the MLS used to record them. In 

Figure 1 shows point clouds with the corresponding sensor 

trajectory. 

Moreover, the ground truth of the road alignment as a 1 m spacing 

points polyline is also available. 

 

Figure 1. Point clouds (with colour) and trajectory (in red). 

2.1 Trajectory 

The trajectory of the MLS is a discrete set of 2D points with the 

coordinates of the position of the navigation sensor recorded each 

second. 

2.2 Point cloud tiles 

The dataset used to validate this methodology is a set of point 

clouds structured in tiles. The organization in tiles is widely used. 

It is especially useful for datasets that cover a large area and may 

consist of data from different sensors stored in different file 

types. With this organisation, all files with information from a 

specific tile can be accessed in a simple way. For computational 

reasons, the complete point cloud dataset is structured in tiles in 

LASzip (LAZ) format (LASzip | Rapidlasso GmbH, n.d.), which 

is a compressed LASer (LAS) format (LASer (LAS) File Format 

Exchange Activities – ASPRS, n.d.). These tiles have an area of 

50x50 m and 1M points on average. In total, the dataset has a size 

of 10.6 GB formed by 2,598 tiles. As it is shown in Figure 2, the 

division of the tiles does not correspond to the direction of the 

road. Their division is done considering their (x, y) coordinates. 

This means that some tiles have incomplete road sections. 

 

Figure 2. Point cloud tiles. 

As it is shown in the figures of this paper, the point clouds are 

coloured. However, the colour attribute is not used in the 

methodology, so the method can be generalized to point cloud 

acquisition without colour. 
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3. METHODOLOGY 

This paper presents an automatic IFC generation of mountain 

roads using 3D georeferenced point clouds recorded by an MLS. 

A schematic representation of the methodology is shown in 

Figure 3. 

 

Figure 3. Proposed methodology workflow. 

The methodology consists of a tile association process followed 

by a trajectory segmentation to construct point clouds of 

complete road sections covering a distance equal to secdist.  Then, 

the road is segmented. Subsequently, the trajectory is analysed to 

calculate its perpendicular direction. With both results, the left 

and right limits of the roadway from the trajectory are determined 

and its alignment is obtained. Last, the IFC file including the 

alignment and the width of the roadway is generated. 

The process is written in Python. Some functionalities of the 

Open3D (CloudCompare, n.d.) library are used. CloudCompare 

(Zhou et al., 2018) software is utilised to generate some images. 

3.1 Tiles association 

The point cloud tiles are not sorted according to any road-related 

information. However, the trajectory has the coordinates of its 

points on the roadway, and its points are ordered according to the 

direction of the road. For this reason, the tiles are sorted by 

assigning them to points of the trajectory. 

A tile is assigned to all the points of the trajectory that are closer 

than dtile from any point in the tile. To speed up this process, 

distances to tile points are not calculated. Instead of points, the 

boundary box limits of each tile are used to calculate whether a 

trajectory point is close enough to a tile. The boundary box is a 

field in the LAZ file. Figure 4 shows an example of the result of 

this process. 

 

Figure 4. Tiles association. Trajectory points in black. Tiles 

assignation in red. 

3.2 Trajectory segmentation 

The processes applied to obtain the alignment and width of the 

road require the input data to have complete road information. 

However, the 48 km cannot be processed together. 

Therefore, the trajectory is segmented into sections. The distance 

between each point and the next is calculated. Then, the points 

are grouped in the same section until the accumulative distance 

between them exceeds secdist. 

Besides, as tiles are assigned to trajectory points, they are also 

sectioned. The tiles associated with any trajectory point in a 

section also belong to that section. 

An example of this segmentation process is shown in Figure 5. 

 

Figure 5. Sectioned trajectory points and tiles. The first section 

in blue. The second section in yellow. Tiles that belong to both 

sections are coloured in stripes of both colours.  

3.3 Roadway segmentation 

Once the trajectory is segmented and the tiles are assigned to their 

closest trajectory points, each section is analysed with its tiles. 

In this step, the roadway is segmented. This process is described 

in Figure 6. 
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Figure 6. Roadway segmentation diagram. 

To do so, the first phase is to apply a Modified Principal 

Component Analysis (MPCA) described in (Lamas et al., 2021). 

MPCA is a PCA but modifying the 2nd and the 3rd eigenvectors 

to adjust the 2nd eigenvector in the XY plane. MPCA is applied 

to the trajectory section, and its result is used to reorient the 

trajectory section and its tiles. This allows the flattering of 

possible slopes of the road, which complicates the roadway 

segmentation process. The modification of the PCA is necessary 

because the trajectory is a line, so its 2nd eigenvector must be 

defined. 

Then, the point cloud is voxelised using a gvox grid, calculating 

the mean and the variance of the vertical coordinate of each 

voxel. In addition, the neighbourhood of each voxel is also 

known. 

Last, a region growing process explained in (Soilán et al., 2020) 

is applied. The first step consists of calculating the seeds of the 

roadway region. These seeds are the voxels closest to each 

trajectory point, calculated using the K-nearest neighbour 

algorithm (Silverman & Jones, 1989). In the first loop, the seeds 

are the new voxels of the roadway region. The neighbours of 

these new voxels are compared to their seed. Those voxels with 

a difference in vertical mean and variance lower than zroad and 

vroad, respectively, relative to their seed, are added to the roadway 

region. These are the next new voxels in the next loop. The voxels 

are only considered once as candidates to be added to the 

roadway region. The process stops when there are no new voxels 

added in a loop. 

A point cloud with its roadway segmented is shown in Figure 7. 

 

Figure 7. Roadway segmented in blue. The seeds in red are the 

closest points to each trajectory point. 

3.4 Trajectory direction calculation 

This section describes the process of calculating the direction 

perpendicular to the trajectory in the plane of the roadway. The 

process consists of applying MPCA (Lamas et al., 2021) to each 

point and its nd nearest points. If possible, the points considered 

are half in front and half behind the selected trajectory point. 

As a result, at each trajectory point, the 1st eigenvector is the 

direction of the trajectory, and the 2nd is the perpendicular 

direction in the plane of the roadway. 

A representation of this calculation is shown in Figure 8. 
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Figure 8. Trajectory direction analysis. Trajectory direction in 

red. The direction perpendicular to the trajectory in the plane of 

the roadway in green. 

3.5 Alignment and roadway width calculation 

Once the roadway is segmented and the trajectory direction is 

known, the next step is to calculate the alignment and the width 

of the roadway. The alignment is defined as the central axis of 

the roadway. 

To achieve these objectives, an alignment point with the width of 

the roadway is calculated for each trajectory point. In this way, 

the alignment is defined as a polyline, whose points are 

distributed along the roadway with the same frequency as the 

trajectory points. Besides, the roadway width information is also 

known at each point of the polyline. 

For this purpose, the following methodology is applied. For each 

trajectory point, a search window is defined. The window is 

centre at that point, with a width equal to w and is extended in the 

perpendicular direction to the trajectory. Then, the points farthest 

away  from the trajectory are chosen, one on each side, within  

the window. The centre of the chosen points is the alignment 

point and their distance is the width of the roadway. This process 

is shown in Figure 9. 

 

Figure 9. Roadway limits and alignment. Search window in 

yellow. The green points are the roadway limits. The red points 

are the alignment. 

3.6 IFC generation 

The final step of the methodology presented in this work is the 

generation of an infrastructure model compliant with the IFC data 

schema. As with any linear infrastructure, the key component of 

this model is the alignment, obtained in the previous steps as a 

polyline. This polyline is translated into the IfcAlignment entity 

as its geometrical representation, in the shape of an 

IfcAlignmentCurve. The curve is then defined by its two 

components, horizontal (IfcAlignment2DHorizontal) and vertical 

(IfcAlignment2DVertical). While the curve can be set to have 

only a horizontal component, and therefore obtain a 2D 

alignment, the same cannot be done for the vertical component, 

as it is dependent on the horizontal definition. Nevertheless, both 

of these components are formed of series of segments, in this case 

linear (IfcLineSegment2D & IfcAlignment2DVerSegLine). The 

IfcLineSegment2D requires to set its start point, direction and 

length. All of these parameters can be directly obtained for the 

polyline data. In the case of IfcAlignment2DVerSegLine, both the 

start point and the length are given in relationship to the 

horizontal component, representing distances along its curve. 

Besides those, it is also necessary to set the start height and 

gradient, which can also be directly obtained from the polyline. 

A schematic representation is shown in Figure 10. 

 

Figure 10. IFC alignment diagram. 

Once the alignment has been defined, any other element can use 

it as means of placement or as the basis for a geometrical 

representation. For instance, if a traffic sign were to be placed, its 

position could be given by the kilometric point, and distance from 

the centre of the roadway. In this case, as the scope is limited to 

the roadway, the placement is reduced to the same starting point 

as the alignment, since the entire alignment will be covered by 

roadway. 

On the other hand, the geometrical representation of the asphalt 

is directly dependent on the alignment. It is described by the 

IfcSectionedHorizontalSolid, which generates a solid by placing 

a series of profiles along a given curve. Therefore, it requires both 

the profiles, and the position of said profiles following the curve. 

The profiles are set to IfcRectangleProfileDef using a predefined 

depth and the width values obtained from previous steps. Then, 

the profiles are placed using IfcDistanceExpression. In this case, 

the distance expressions only require the distance along the 

alignment. An example of the IFC roadway is shown in Figure 

11. 

 

Figure 11.  IFC roadway detail: alignment and width. 
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4. RESULTS 

This section shows the results from the application of the 

presented methodology to the case study data. Moreover, this 

section also describes the process used to validate the 

methodology. 

First, the parameters involved in the methodology are shown in 

Table 1. Some of these parameters are empirically adjusted, 

while others are based on the road geometry and the sensor used. 

Parameter Value Parameter Value 

secdist 100 m gvox 0.1 m 

zroad 0.0075 m vroad 0.0075 m2 

nd 4 w 6* secdist m 

Table 1. Values of parameters involved in the methodology. 

The validation of the process is performed on the entire dataset. 

Since the road alignment is obtained from the roadway 

boundaries, and the ground truth of the alignment is known but 

not the roadway width, the validation process is applied to the 

alignment. 

As the ground truth of the alignment is a polyline, the validation 

process consists in evaluating the distance between the ground 

truth and the alignment calculated in a polyline format, before the 

generation of the IFC. The distance between a point of the 

alignment and the ground truth is defined in Equation  (1). For 

each alignment point, the nearest point on the ground truth 

alignment is selected. Then, two lines are defined: one with the 

selected point and the previous one, and the other with the 

selected point and the next one. The alignment point error is the 

minimum distance between that point and either of the two lines. 

 𝑑𝑖 = min (
‖𝐴𝑖𝐺𝑗 ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗^ �⃗� 0‖

‖�⃗� 0‖
,
‖𝐴𝑖𝐺𝑗
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗    ^ �⃗� 1‖

‖�⃗� 1‖
) (1) 

where: 

 𝑑𝑖 = distance between the point i of the alignment to 

the ground truth. 

𝐴𝑖 = : i point of the alignment. 

𝐺𝑗 = closest ground truth point to 𝐴𝑖. 

�⃗� 0 = directing vector of the segment 𝐺𝑗𝐺𝑗−1
̅̅ ̅̅ ̅̅ ̅̅ . 

�⃗� 0 = directing vector of the segment  𝐺𝑗𝐺𝑗+1
̅̅ ̅̅ ̅̅ ̅̅ . 

 

The distances obtained are shown in the histogram in Figure 12. 

The mean distance is 0.4938 m and the standard deviation is 

0.2634 m. The 23% of the alignment has an error lower than 0.1, 

the 38% lower than 0.2, and the 70% lower than 0.6 m. 

 

Figure 12. Histogram of the distances between each alignment 

point and the ground truth. 

The result is also analysed in a visual form. As it is shown in 

Figure 13 and Figure 14, the process works correctly on painted 

and unpainted mountain roads under normal conditions. 

However, in areas where the road has road junctions or car lay-

bys, such as in Figure 15, the limits of the asphalt are not the 

limits of the roadway, so the algorithm makes errors. 

 

Figure 13. Comparison between the polylines of the ground 

truth, the alignment and the trajectory. Ground truth in red, 

alignment in green and trajectory in blue. 

 

Figure 14. Comparison between the polylines of the ground 

truth, the alignment and the trajectory in a no painted road. 

Ground truth in red, alignment in green and trajectory in blue. 
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Figure 15. Comparison between the polylines of the ground 

truth, the alignment and the trajectory close to a car lay-by. 

Ground truth in red, alignment in green and trajectory in blue. 

Last, Figure 16 shows a visual representation of the atomically 

generated IFC model, which contains alignment and roadway 

width information. 

 

Figure 16. IFC roadway: alignment and width.  

5. CONCLUSIONS 

This paper presents a fully automated methodology that generates 

IFC models of roadways, which contains the alignment and the 

roadway width, calculated from 3D point clouds tiles of mountain 

roads. First, tiles are associated with trajectory points. Second, 

the trajectory and its corresponding tiles are divided into sections. 

Third, the roadway is segmented. Fourth, the perpendicular 

direction of the trajectory is calculated. Fifth, the alignment and 

the width of the roadway are calculated. Last, the IFC of the 

roadway is generated. 

The proposed methodology is tested on 48 km of mountain roads. 

The colour and the intensity values of point clouds are not used. 

The results obtained are compared with the ground truth of the 

alignment of the road. The mean error is 0.4938 m and the 

standard deviation is 0.2634 m. 

The difference between the mean and the standard deviation error 

shows that the process makes considerably large errors but in few 

areas. In fact, the 38% of the points have an error of less than 0.2 

m, which is an admissible error. 

Analysing the result visually, we detect that these isolated errors 

are located in specific areas of the road: car lay-bys and road 

junctions’ areas. This is because the algorithm segments the 

entire asphalt as roadway. 

For these reasons, there are interesting future research lines from 

this work. Errors could be identified by analysing the rapid 

variation in the direction of the alignment. These could allow not 

only to correct them by developing a different methodology for 

these specific areas, but also identify car lay-bys and road 

junctions. In this sense, it is also interesting to develop methods 

to segment different assets, such as signs, and automatically add 

them to the IFC model. 

Finally, the alignment can be improved by parameterising the 

polyline with arcs, clotoides and lines, following the IFC schema. 
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