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In the 21st century, the construction industry has taken the path of robotization and 

automation. Due to the rapid technology development, more and more new solutions are 

required these days. 3D scanning and environmental surveillance technology are widely used 

in the construction field devices. However, most of them are dedicated to build a visual high-

quality point cloud data. This work is devoted to the development of a lidar platform, the 

task of which is to scan the premises at a construction site and build a point cloud. The 

constructed point cloud is used to align it with the IFC model and determine the position of 

the device in this model. The platform is part of a device designed to project a laser image 

onto a surface. The thesis considers the choice of components for creating the first prototype, 

the algorithms and approaches necessary for 3D registration and determining the position of 

the system.  

  



ACKNOWLEDGEMENTS 

I am extremely grateful to Tuomo Leikas and Markku Tanttu from the Lenax Oy for giving 

me the opportunity to contribute to this major project, as well as for all the support. 

I would like to extend my sincere thanks to Manu Salonen for insightful suggestions and his 

extensive knowledge and experience in the point cloud and 3D construction surveillance 

field. 

  



SYMBOLS AND ABBREVIATIONS  

 

Abbreviations 

BIM Building Information Model 

CAD Computer Aided Design 

GUI Graphical User Interface 

ICP Iterative Closest Point 

IFC Industry Foundation Classes  

IMMS Indoor Mobile Mapping Systems 

IMU Inertial Measurement Unit 

LiDAR Light Detection and Ranging 

Oy Osakeyhtiö, Ltd., Limited company 

PLA Poly(lactic acid) 

RANSAC Random sample consensus 

RMSE Root-mean-square error 

SLAM Simultaneous localization and mapping 

3D 3-dimensional 

 



5 

 

Table of contents 

 

Abstract 

Acknowledgements 

Symbols and abbreviations 

 
1 Introduction .................................................................................................................... 8 

2 Project description .......................................................................................................... 9 

2.1 Contribution of the thesis ........................................................................................ 9 

2.2 Work algorithm ..................................................................................................... 10 

3 Research background.................................................................................................... 12 

4 Market research ............................................................................................................ 14 

4.1 Leica RTC360 3D Laser Scanner ......................................................................... 14 

4.2 FARO Focus S 350 Laser Scanner ........................................................................ 16 

4.3 Leica 3D Disto precision 3D measuring and templating tool ............................... 17 

5 Preparation stage .......................................................................................................... 20 

5.1 Choosing the method for determining the position of the platform ...................... 20 

5.2 Component selection ............................................................................................. 23 

5.3 Testing area preparations ...................................................................................... 25 

6 Body frame design ........................................................................................................ 29 

7 Software development .................................................................................................. 33 

7.1 Scanning algorithm ............................................................................................... 33 

7.2 Complete algorithm review ................................................................................... 35 

8 Results .......................................................................................................................... 37 

8.1 Hardware and design part ...................................................................................... 37 

8.2 Software part ......................................................................................................... 38 

9 Conclusions .................................................................................................................. 40 

References ............................................................................................................................ 41 

 

Appendices 



6 

 

Appendix 1. Room scanning process; scanner at the second survey point 

  



7 

 

Figures 

Figure 1: The concept of the device 

Figure 2: Simplified device operation algorithm 

Figure 3: Leica RTC360 3D scanner (Leica Geosystems, 2017) 

Figure 4: Scan result with starting point and routing (Geoweeknews, 2017) 

Figure 5: FARO Focus S 350 3D scanner (FARO, 2018) 

Figure 6: 3D point cloud of the crime scene made by FARO Focus S 350 (Scott 

Gershowitz, 2019) 

Figure 7: Leica 3D Disto construction scanner (Leica Geosystems, 2016) 

Figure 8: Leica 3D Disto projecting cycle visualization (Leica Geosystems, 2011) 

Figure 9: RPLIDAR A2M8 360 Degree Laser Range Scanner (SLAMTEC, 2020) 

Figure 10: NEMA17-16-06SD-AMT112S Stepper servo motor (CUI Devices, 2020) 

Figure 11: Room scanning process; scanner at the first survey point 

Figure 12: IFC model building 

Figure 13: Point cloud of the testing area 

Figure 14: Device case design 

Figure 15: Device mounted on the tripod 

Figure 16: Full work sequence of the first prototype 

 

Tables 

Table 1: A2M8 Measurement Performance 

  



8 

 

1  Introduction 

In the 21st century, the construction industry has taken the path of robotization and 

automation. Due to the rapid technology development, more and more new solutions are 

required these days. At the same time, due to the rapid development of the field, the 

implemented solutions quickly become outdated. 

 

Over the past few years, various devices of a narrow focus have been created in the 

construction industry; room scanning process and projection of the necessary visual 

information have become one of them. The use of scanning devices is not something new, 

and they are widely used to create Computer Aided Design (CAD) models of rooms, 

however, the full automation of this process is still of interest to the industry.  

 

The goal of this thesis is devoted to the development of an actuated lidar platform that allows 

the user to scan a room on a construction site. It uses the received data to align the scan with 

the Industry Foundation Classes (IFC) model, as well as determine the position of the device 

within this model. The platform is a part of a device used for the subsequent projection of 

complex laser images onto scanned surfaces. The main concerned parameter for the first 

prototype is scanning time. According to the preliminary draft version of the terms of 

reference the time should not exceed 5 minutes, and the weight of the lidar platform should 

not exceed 3 kilograms 

 

Today, there are very few devices of a similar concept on the market that can determine their 

location in the scanned room without the help of an operator. Usually, in order to determine 

the scanning starting point, the operator needs to perform a series of actions and manual 

calibrations. The method proposed in this thesis involves the autonomous determination of 

the initial position of the device and its connection with the IFC model. This will reduce the 

level of knowledge required to use this device.  
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2  Project description 

This section presents the main ideas underlying the development of this device. The 

development of this device is a commercial project, work on which is still ongoing. 

According to the preliminary draft version of the terms of reference, the project is a system 

that combines a scanning device and a laser projection device. 

2.1  Contribution of the thesis 

The main task of the end device is to scan the premises on the territory of the construction 

site for further projection of the laser image on walls, floors, ceilings. The laser image shows 

the user up-to-date and accurate information, such as: mounting holes, partition walls, 

doorways, pipe and drain lines, cables. Obtaining up-to-date information occurs due to the 

constant connection to the Building Information Model (BIM) database, from which the 

device receives all the necessary design documentation. The concept (Figure 1) shows the 

main idea of the device 

 

 

Figure 1. The concept of the device 
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This work focuses on the development of a scanning device. It is presented as an actuated 

lidar platform that collects a cloud of points from the premises for further work with the IFC 

model. 

 

The result of the work is a prototype, in the work on which, it was decided to use the most 

accessible components in order to create the "Proof of Concept" to a greater extent. A more 

detailed analysis of the choice of components is presented in the corresponding section 

below. 

 

The development of the laser projection system for this device is not reviewed in this thesis, 

but is described in the thesis by Taye Benti(2022) 

2.2  Work algorithm 

Before describing the entire process of working on the prototype, it is necessary to define 

the proposed algorithm for the device operation from the user point of view. 

 

 

Figure 2. Simplified device operation algorithm 
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The first step is to install the device. This prototype is designed in a way that it can only be 

installed on the tripod, but in the future, it will be possible to install the device on the ceiling 

or wall. Then connection between the operator’s PC and the device must be established. 

Future versions of the platform will support connection to the operator’s tablet with installed 

GUI application.  

 

Then the operator runs the scanning sequence and using the lidar platform, the device 

receives a point cloud of the room. This is a necessary step so that the device can 

automatically determine its location, both within the room and within the IFC model. 

 

To get a 3D point cloud using affordable components it was decided to use special type of 

lidar, that has an actuator inside, so it is capable of making a plain point cloud. Stepper in 

another hand will rotate the lidar on another axis. More detailed information about these 

design choices is described later in this thesis. 

 

Lastly, with the help of the projecting module, the device displays the image on the required 

surface. Projection happens with the help of Affine transformation. The development process 

and more details about the projection system are described in the thesis by Taye Benti (2022). 
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3  Research background 

This chapter is focused describing the contribution to the related topics. It is important to 

mention considered articles about the connection between point cloud registration and BIM. 

Brief literature study is also presented in this chapter. 

 

Remondino and Rizzi (2010) described the use of the photogrammetry-based 3D Survey and 

Modelling Methodology for reality-based 3D documentation. The field of use here is the 3D 

reconstruction at different scales of various monuments and heritage sites. 

 

Kaiser, Clemen and Maas (2022) also addressed photogrammetry as a way to create a three-

dimensional point cloud for subsequent overlay on the IFC model. The main goal of the 

article was to scale, rotate and then translate created point cloud with the existing IFC model 

of the premises. The alignment between the point cloud and the IFC model was achieved by 

combining elements of 3D lines derived from the image data with surfaces gained from the 

IFC model building model. 

 

Anagnostopoulos, Pătrăucean, Brilakis and Vela (2016) presented an algorithm which is 

capable of detecting walls, floors and ceilings that determines which flat surfaces correspond 

to the desired structural elements that uses simple geometric priors with proven precision of 

over 86%. 

 

Thompson, Apostolopoulos, Backes and Boehm (2013) reviewed different Indoor Mobile 

Mapping Systems (IMMS) for their application to capture geometry creation for BIM model. 

Point clouds of the same premises were obtained and then compared for deviation with 

various methods. 
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Rusu (2009) proposes Semantic 3D Object Models as a new representation of the robot’s 

operating environment that meets those requirements and shows how these models can be 

automatically generated from dense 3D point cloud. The article describes algorithm for 

obtaining a semantic 3D object model from point cloud data as well as representing a point 

cloud based on histograms of 3D point objects. 

 

Then later his team, Rusu, Blodow and Beetz (2009) performed multiple modifications and 

improvements to the Point feature histograms. Most of optimizations are aimed to 

significantly reduce their computation times. As a result of this article, Fast Point Feature 

Histograms as a new type of local features, were developed. 

 

Bosche (2011) developed and presented an automated and semi-automated 3D registration 

system based on plane-based approach for coarse registration of laser scanned 3D point 

clouds with project IFC models in the context of the construction industry. Both methods 

are based of highly modified Random sample consensus (RANSAC) extraction algorithms. 

 

In the paper by De Geyter, Vermadere and De Winter (2022) the relation between the point 

cloud collection and the unsupervised data interpretation for as-built IFC 

modelling/analyses. Four different types of sensors from selected systems were tested for 

the completeness, quality, granularity of the sensor data, and the Intersection over Union of 

the semantic segmentation. 
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4  Market research 

The number of similar proposed ready-made solutions on the market is quite large, so in this 

thesis we will consider products that suit our focus.  

 

Let's define the criteria for comparing devices: 

• Price 

• Autonomy 

• Scanning speed 

 

The selected criteria are considered in more detail: 

1) Price - the quality systems available on the market are based on the use of 3D lidars, 

the price of which, usually, is several times higher than their 2D counterparts. The 

presence of other components, such as a camera, also increases the final cost of the 

system. 

2) Autonomy - in the today’s construction field, it is impossible to imagine the absence 

of control over the operation of these systems by a qualified specialist. This review 

of analogues considers how strong the presence and control of a specialist is 

necessary in order to make all the necessary measurements with high accuracy. 

3) Scanning speed - how fast the device scans and performs calculations. Many tasks 

require real-time calculations, and this criterion is very important in this review. 

4.1  Leica RTC360 3D Laser Scanner 

This model (Figure 3) is one example of Leica's 3D scanner line. The main task of this device 

is to build a point cloud of the scanned room, superimposing it on an existing IFC model for 

analysis. The scanner includes a camera that supports HDR imaging, which allows you to 

get a more detailed image. One of the advantages of this device is the feature that allows to 
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make automatic recording of movement between survey points for pre-registration of scan 

data on the spot without manual intervention. 

 

 

Figure 3. Leica RTC360 3D scanner (Leica Geosystems, 2017) 

 

In this case, the determination of the initial point for scanning is carried out with the help of 

the operator. The scanning time specified by the manufacturer does not exceed two minutes. 

The price of this device starts from 73000 euros and depends on the configuration. 
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Figure 4. Scan result with starting point and routing (Geoweeknews, 2017) 

 

The screenshot (Figure 4) shows the final result of scanning a series of premises combined 

into a single point cloud. Visually shows simultaneous localization and mapping (SLAM), 

the route of the scan points, as well as the starting point. 

4.2  FARO Focus S 350 Laser Scanner 

 

Figure 5. FARO Focus S 350 3D scanner (FARO, 2018) 
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Unlike the Leica RTC360, the Focus S 350 (Figure 5) is not so strongly tied to the 

construction industry and has applications in design, architecture, forensics (Figure 6) and 

digitization of equipment and other objects. It is also equipped with a camera and, according 

to the manufacturer, is capable of scanning with an accuracy of ± 2000 µm at a distance of 

50 m. In addition, it is equipped with a feature that allows you to reshoot certain areas 

without affecting the rest of the points in the cloud.  

 

 

Figure 6. 3D point cloud of the crime scene made by FARO Focus S 350 (Scott Gershowitz, 

2019) 

 

In this case, the determination of the initial point for scanning is carried out with the help of 

the operator. The scanning time specified by the manufacturer does not exceed two minutes. 

The price of this device varies from 65000 euros to 70000 euros and depends on the 

configuration. 

4.3  Leica 3D Disto precision 3D measuring and templating tool 

The Leica 3D Disto (Figure 7) is the product of the Leica company as well. Unlike the Leica 

RTC360 scanner, that was mentioned earlier, this model has several significant differences 

to place it separately in this review. 



18 

 

 

Figure 7. Leica 3D Disto construction scanner (Leica Geosystems, 2016) 

 

As it was mentioned earlier, one of the distinguishing features of the device considered in 

this thesis is the combination of the use of scanning and laser projection on surfaces. This 

Leica 3D Disto device is capable of applying point projections according to the information 

in the BIM model. Unfortunately, this device does not have the function of automatic 

position detection as well, so all these manipulations require constant manual calibrations of 

the device with visual marks. 

 

As a full scan of the premises is not the main purpose of this device, the time required to 

capture the point cloud is much higher than of 3D scanners. This is due to the fact that this 

device is operating with only one beam (Figure 8), which moves along the route specified 

by the operator.  
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Figure 8. Leica 3D Disto projecting cycle visualization (Leica Geosystems, 2011) 

 

Another point worth mentioning is that the device strongly relies on use of tablet computer 

and can hardly operate without it, which is spiritually close to the idea of the device in this 

thesis. The price of this system is 8600 euros and depends on the configuration. 
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5  Preparation stage 

This section describes some of the main preparation steps required to develop the first 

prototype. As part of the first stage, the scanning algorithm was determined, as well as other 

potential solutions that could be used in the future. Then, based on the scanning method and 

the first stage, the selection of the necessary main components was made. 

 

In addition, one of the important stages of this preparation was obtaining a full IFC model 

of the test room as well as point cloud of this test room. With the use of professional 

equipment during scanning session it became possible to obtain a high-quality model of the 

environment. 

 

5.1  Choosing the method for determining the position of the platform 

The first and most fundamental stage in the development process of this device is the choice 

of scanning method. Due to the inexpediency of using ready-made solutions, as well as the 

features laid down in the terms of reference, it was necessary to choose the most appropriate 

method. 

 

Thus, after researching various papers and articles in this field, the most interesting and 

appropriate method was described in “Plane-based Registration of Construction Laser Scans 

with 3D/4D Building Models” by Bosche (2011). There, the author describes two similar 

automatic and semi-automatic methods of point cloud registration. 

 

Both methods are using basic RANSAC algorithms with the additional use of highly 

modified RANSAC algorithm. The key difference of the modified algorithm lays in the 

different selection method of point triplets. Thus, it creates much less hypothesizes, which 

decreases the final computation time and power. 
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However, the author specifies in his paper, that all experiments were run on large high dense 

point clouds. For testing purposes experiments were conducted on the point cloud of the 

Engineering V building at the University of Waterloo.  

“Examples of scans from the Engineering V dataset are shown in Figure 1 and 

Figure 9. The experiments conducted with the two commercial software 

packages used 100% of the scanned points (to ease the point selection), while 

those conducted with the proposed system used 10% of the points (the 

sampling is performed by picking every tenth point in the cloud file). As shown 

below, this lower number of points enabled faster plane extractions without 

impacting registration quality.” (Bosche 2011, 23.) 

 

Since the main function of the device described in this thesis is not to build an accurate 3D 

point cloud of high density like all the scanners from the previous section of this thesis, the 

device does not need to use a point cloud of couple of million points. Instead, the device is 

designed the way, that it creates low-density point cloud of the room with estimate number 

of ~220 pts/m2. 

 

Understanding, that the amount of plane meshes from the single room is much less than the 

amount from the examined in the paper point cloud, it is not reasonable to use semi-

automatic method. The most interest comes from the fully automated method. The task is 

much simpler, so it will be more will be more convenient to use automated method.  

 

Next, worth mentioning implementation of the two-step registration. Bosche (2011), as well 

as other authors, described the use of the coarse and fine registrations to achieve the highest 

accuracy of overlaying a point cloud with a model. In case of the device described in this 

thesis, for the first prototype, it was decided not to use fine registration algorithms. However, 

next versions and the final device will have support of the robust Iterative Closest Point 

(ICP)-based fine registration algorithm. 

 

Another assumption in this method is the alignment of the vertical Z axis. This means, that 

before the alignment process, the Z axis on both point cloud and IFC model is positioned 

vertically. Main reason is that the main scope of the device is the construction field, where 
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you have to work with generally simple geometric planes. They mostly either horizontal or 

vertical. Thus, to align planes from the point cloud and the model, the algorithm only need 

transform them through two horizontal axes and one angle. This assumption allows the 

algorithm to obtain higher accuracy with much less computational resources. 

 

Therefore, in this thesis, the method for the scanning algorithm is based on the automated 

algorithm. However, because of the different origin of the prototype’s design, as well as 

simplicity of some components, this method must be modified and adapted for our purposes. 

 

Additionally, during the development process it was decided to create different working 

modes for the the resulting solution. Those working modes could be simply named “Quick 

scanning” and “Quality scanning”, where the aim of the “Quick” mode is to perform as fast 

scanning as possible, and the “Quality” mode aims for the consistency and accuracy of the 

captured point cloud. The reason behind creating those mode is than to compare results and 

to find scanning parameters, that would satisfy both the quality and scanning speed.  

 

After the point cloud is captured by the device and successfully aligned with the IFC model, 

it is necessary to select an algorithm to determine the position of the device in the created 

environment. To do this, we refer again to the paper “Automatic co-registration of 

photogrammetric point clouds with digital building models” by Kaiser, Clemen and Maas 

(2022). The most interesting part for us was the advanced use of planes and their normals. 

 

In the case of the described device, this method for the first prototype uses same idea of 

planes and their normals. However, since the device working with different type of data, as 

well as different method of creating the point cloud, the results are different. With the access 

to the distance data from the lidar module, the groups of data are created. Then, the algorithm 

creates hypothesizes for closest point to each mesh plane. As a result, it gives a set of 

coordinates, that could be used in the BIM model. 
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Selected algorithms are described in more details in the “Software development” section of 

this thesis. 

 

5.2  Component selection 

Based on the method selected in the previous chapter, market research was carried out and 

all the necessary components were selected. 

 

Since the selected method uses 3D point cloud to work with, the choice is made in favor of 

already rotating lidar module. The RPLIDAR A2M8 (Figure 9) module was chosen for the 

prototype. It has a good price to quality ratio, the maximum scanning range is 12m, which 

is enough for the prototype work. Another reason is that SLAMTEC company provides 3D 

models of the module, and this module is popular among community, so there is a lot of 

information and packages for it. As a last important criterion, this model has an operating 

temperature diapason of -20°C ~ 50°C, so the module is suitable for operating outside. 

 

 

Figure 9. RPLIDAR A2M8 360 Degree Laser Range Scanner (SLAMTEC, 2020) 
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In order to rotate the lidar module and the rest of the device on another axis, bipolar hybrid 

stepper motor was chosen. NEMA17-16-06SD-AMT112S (Figure 10) model has more than 

sufficient characteristics for the prototype. Holding Torque is 445mNm, so the device will 

have less restrictions regarding the mass. Chosen method of position determination method 

does not require dense point cloud, so the step angle is not the main criterion. The model has 

integrated encoder module, which is crucial feature. Encoder allows the device to track 

current rotation angle and it is also used in point cloud building. The chosen stepper motor 

has an operating temperature diapason of -20°C ~ 50°C, so the module is suitable for 

operating outside. 

 

The AMT11 Series incremental, capacitive modular encoder allows to implement 22 

resolutions (48 to 4096 PPR), as well as an operating temperature range of -40°C to +125°C. 

This model has a high resistance to contaminants such as dirt, dust, and oil that commonly 

plague encoders in industrial environments. 

 

Figure 10. NEMA17-16-06SD-AMT112S Stepper servo motor (CUI Devices, 2020) 

 

L298N Stepper Motor Driver Breakout Board was chosen as the supplementary component 

for the stepper motor. It is capable of supporting up to two stepper motors, and it is relatively 

small, so this component is more than enough for the prototype. 
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The single-board computer Raspberry Pi 4 Model B was also chosen with an 8gb RAM 

variation. Such computers are usually used for projects that require complex mathematical 

operations and the connection of complex electronic components. The characteristics of this 

computer are more than enough for the purposes of this project and will allow us to calculate 

more complicate operations in the future. 

 

Additionally, Arduino Uno controller was chosen as the supportive component for the 

Raspberry Pi computer. The main reason was that with the use of lidar and encoder there 

will be some delays on the Raspberry Pi. In order to get consistent quality of the point cloud, 

the data from the lidar and the encoder have to be merged correctly. But possible delays on 

the side of the Raspberry Pi will harm the accuracy of the point cloud and the whole system.  

 

A Rollei C5I Titanium Grey FPH-52Q tripod with a ball head was used as the basis for the 

device. It has sufficient load capacity of 8kg and the maximum height of 157cm. Already 

installed bubble level also allows to keep a rough leveling for the first prototype. 

5.3  Testing area preparations 

In the process of working on the project, it would be necessary to test every step. To do this, 

it was decided to scan the allocated office space using professional equipment (Figure 11). 

This section describes the process of obtaining all the necessary data and further preparation 

for the project. The room was scanned using a Leica RTC360 3D laser scanner, overviewed 

in the Market research section. 

 

The first step was to place the 3D scanner indoors. Since we did not have the original IFC 

models of the building at our disposal, the initial position of the scanner could be arbitrary. 

This means that the IFC model of the room will be built manually based on the already 

received point cloud. 
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Figure 11. Room scanning process; scanner at the first survey point 

 

An important decision was to leave some objects in the room to create conditions close to 

real. One features of this scanner is to automatically record movement between survey points 

to pre-register scanned data on site without manual intervention (Appendix 1: Room 

scanning process; scanner at the second survey point). This helps to get a more complete and 

detailed point cloud. In this case, two scanning points were used. 

 

In addition, the scanner took pictures of the surrounding space, which made it possible to 

color the points in the final point cloud. This makes object recognition easier for the 

debugging process. 

 

The next step was to export the resulting point cloud (Figure 12). The official software for 

this 3D scanner was not available because of the price, so getting the data in an accessible 

form was necessary. Thus, it was exported and prepared to be used in the CloudCompare 

software. 
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Figure 12. IFC model building 

 

 

Figure 13. Point cloud of the testing area 
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The last step involved building geometry manually based on the received point cloud. Thus, 

after all the manipulations, a full-fledged IFC model (Figure 13) was created, which allows 

us to test and debug the project. 
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6  Body frame design 

This chapter is dedicated to the design development as well as thought process behind it. 

The main focus of this chapter is the actuated lidar module and different design choices, that 

were made to improve the final prototype. 

 

As it was described earlier in this thesis, the actuated lidar platform consists mainly of the 

actuated lidar module, as well as the bipolar stepper motor. In order to create a 3D point 

cloud, the system needs to rotate along two axes. 

 

The RPLIDAR A2 module has M3 mounting holes, which allowed to place the module on 

its side. This way the lidar module collects a plane point cloud vertically. Then, following 

the idea of two separate working modes, two different sets of settings for the lidar module 

were chosen. According to the measurement performance (Table 1), the standard sequence 

allows to perform 600 revolutions per minute (10 Hz) with the angular resolution of 0.9 

degrees. Also, we can see the relationship between the angular resolution and the scan rate, 

where with smaller rate comes lower resolution. This means that with lower resolution the 

device will capture more dense and accurate point cloud and vice versa, which suits right for 

the “Quick scanning” and “Quality scanning”.  

 

Table 1. A2M8 Measurement Performance 

Item Min Typical Max 

Angular resolution 0.45° 0.9° 1.35° 

Scan rate 5 Hz 10 Hz 15 Hz 

 

However, with the selected rotation speed of 900 rpm of the “Quick scanning”, the lidar 

causes minor vibrations on the device. Those vibrations create noises on the resulting point 

cloud. 
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Bipolar stepper motor is used to rotate the device horizontally. The selected stepper motor 

NEMA17-16-06SD-AMT112S has a step angle of 1.8°, resulting having 200 steps for one 

full revolution. Apart from that it is possible implement microstepping feature. 

Microstepping feature allows us to have smaller step without any additional equipment, 

hence, allows to get a higher resolution. Microstepping also provides better vibration 

characteristics for the whole system. 

 

Therefore, for the first prototype the “Quick scanning” sequence uses standard step angle, 

and the “Quality scanning” uses half steps. Again, as with the lidar, the “Quick scan” is more 

affected by vibrations, hence, less precise.  

 

One of the important steps during device designing was to place all the inside components. 

An even distribution of mass on both parts of the case is crucial in order to avoid unnecessary 

vibrations during the scanning process (Figure 14, Figure 15). This way the resulting point 

cloud will be more precise, making it look cleaner.  

 

The casing for the first prototype was produced on the 3D printer. The selected material was 

PLA plastic. Of all the available materials used in prototyping, it is the least subject to 

shrinkage and other distortions. This material is also affordable and is biodegradable, so it 

will not harm the environment. With the infill of 40% it was possible to create strong yet 

light weighted parts for the body frame and casing. 

 

Еhe calculated mass of the assembled platform was ~2.7 kilograms without the laser 

projection system, which corresponds to the terms of reference. 
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Figure 14. Device case design 

 

Every design element for the device was developed in the SolidWorks CAD environment. 

 

 

Figure 15. Device mounted on the tripod 
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Further development of the design implies the development of the cooling system for the 

device, a better distribution of masses in both parts of the device, as well as the geometric 

optimization of the body frame. The implementation of mounting mechanisms for installing 

the device on walls and ceilings is planned in the following prototypes. 
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7  Software development 

This chapter is dedicated to the explanation of key decisions for the software part of this 

device, as well as review of the main algorithm. The first section will describe the theory 

behind the algorithm for scanning and determining the position of the device. The second 

section is dedicated to the review of the complete algorithm as a whole. 

7.1  Scanning algorithm 

As described earlier in this thesis, the basis for the main scanning algorithm was the work of 

Bosche (2011), in which the proposed automatic algorithm aligns a point cloud with an 

existing IFC model. However, it is still important to define differences and key steps. 

 

In general, when performing 3D data registration, there are two main stages to perform: 

1) Coarse registration 

2) Fine registration 

The first Coarse registration stage is used to approximately align given point cloud and plane 

sets from the IFC model. Usually, the quality of the Coarse registration depends on the 

amount of the points in the given point cloud. Then it is followed by the Fine registration 

stage. This stage allows to increase the precision of the previous alignment. The most 

common method for it is based on the Iterative Closest Point (ICP) algorithm.  

 

However, as was mentioned in earlier in this thesis, the scanning algorithm for the first 

prototype of this device only use the first Coarse stage of 3D registration. This is due to the 

fact that the point cloud obtained from the developed lidar platform is several times less 

dense than the examples using two-stage registration. 
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The Coarse registration generally uses similar 3D features from two given datasets. It finds 

pairs of resemblances in both datasets and aligns them. There are different approaches to 

find those resemblances: 

1) Manual Point-based 

2) Target-based 

3) Feature-based 

 

The method used for the first prototype is a Feature-based approach. In this case, identified 

planes will act as features, both in the IFC model and in the point cloud. IFC models allows 

to transform surfaces such as floors, walls, and ceilings into mesh planes. But in order to 

transform point cloud data into planes, Random Sample Consensus (RANSAC) algorithm is 

used. 

 

Standard RANSAC algorithm approach selects random points from the given point cloud 

into triplets, where each triplet is considered as a hypothesis. The algorithm stops after 𝐼 

iterations and then, for every hypothesis the algorithm searches for points, that are lying in 

the same plane. Thus, the hypothesis with the highest amount of found points is selected to 

be the guess for the plain selection. Here, the resulting guess precision depends on the 

amount of the iterations this algorithm works and the distance between the points 

hypothesized on each plane. 

 

The number of required iteration attempts is calculated as follows: 

 

𝐼 =  
log (1−𝑝)

log (1−𝑤3)
    (1) 

 

where 𝑝 shows the probability, that after 𝐼 iterations the best hypothesized plane was gained, 

and 𝑤 shows the probability, that the point is on the same plane, as the best hypothesized 

one. Both 𝑝 and 𝑤 are defined by the user. 
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On the other hand, the modified RANSAC algorithm, that was used together with the 

standard one has some significant differences in building hypothesis. The first difference is 

the way algorithm chooses the point for the triplets. Now, in order for the triplet to be 

selected as a hypothesis, its plane have to be either vertical or horizontal. This statement is 

motivated due to most important surfaces on the construction site are floors, walls, and 

ceilings. The second difference comes from distance between the points on the received 

triplet: new parameter added to configure the distance. The reason for this change is that 

most of the points for the triplet support comes from the one or more dense clusters. 

 

After the 3D registration was completed and the point cloud is aligned with the IFC model, 

the last step is to determine the position of the device. This could be achieved through a set 

of similar calculations. The device uses three already aligned planes from the scanning 

procedure and finds three sets of points with the lowest distance parameter. Those sets then 

combined into hypothesis for the coordinates of the device. Important note here, that this 

method is only applicable for the first prototype and will not be used in the future versions, 

because of the due to the relatively low accuracy. More information about the final accuracy 

can be found in the Results section. 

 

7.2  Complete algorithm review 

This section summarizes information on the software part of the current version of the 

device, as well as describing possible future plans for the development.  

 

The block-scheme (Figure 16) shows full work sequence of the device. After building a point 

cloud and bringing it with the data from the encoder, the device converts it into a set of 

planes and overlays it on the planes extracted from the model. After a successful alignment, 

the position of the device is calculated. The next supposed step involves sending the position 

of the device to the laser projection module for image transformation and display. 
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Figure 16. Full work sequence of the first prototype. 

 

Future development of software part involves improvement of methods described above, 

introduction of the Inertial Measurement Unit (IMU) unit data into the system, 

communication with the tablet, full-featured GUI. 
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8  Results 

After all the described work and development has been done, it is necessary to describe the 

results of the developed system. This section of the thesis can be reviewed in two parts: 

1) Hardware and design part 

2) Software part 

8.1  Hardware and design part 

As was mentioned in the first section of this thesis, the main goal of this first prototype 

development was to create a "Proof of Concept". This means, that the requirements for this 

first version of the lidar platform were much rougher than for the final device. 

 

However, the methods used during the design process resulted in a frame body that met the 

main requirements. The weight of the prototype is less than 3 kilograms, and the uniform 

distribution of masses inside the frame body made it possible to reduce potential vibrations, 

and therefore interferences when scanning the room.  

 

Then, summarizing results from two different working modes, it was estimated, that with 

described parameters of the lidar module and the stepper, “Quick scanning” sequence 

captures a point cloud of ~110 points per square meter for approximately 3 minutes 5 

seconds, and the “Quality scanning” sequence captures a point cloud of ~450 points per 

square meter for approximately 5 minutes 46 seconds.  

 

The implementation of micro stepping allowed to decrease amount of noises for the “Quality 

scanning” sequence and perform high accuracy positioning for the potential laser projection 

system with the neglectable torque losses. However, the resulting time for this scanning 

mode is exceeds the threshold specified in the terms of reference. This means, that in order 
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to fit this mode into the threshold, lidar performance or microstepping parameters have to be 

changed.  

 

8.2  Software part 

With two different working modes, it was necessary to understand, which method gives 

better accuracy. In addition, the reduced point cloud from the preparation stage was taken. 

It was reduced to the 8% of total points, to be approximately the same size of the point clouds 

from described two working modes. 

 

But first, to be able to compare different scanning modes and test reduced point cloud, the 

comparison method needs to be defined. The registration accuracy is assessed based on N. 

Matches and Root-mean-square error (RMSE). The first criteria show the number of points, 

that matched the IFC model. For this case the first criteria count the points, that are not 

further, than 25mm from the IFC model. The second criteria represent the root-mean-square 

error of the distances of those points to the IFC model. 

 

Using the CloudCompare software, all of these three point clouds are registered with the IFC 

model for the point-based registration. Then standard ICP-based algorithm applied on the 

result of point-based registration. 

 

The next step considered modified plane-based registration on all three point clouds with the 

IFC model. Same standard ICP-based algorithm included in the CloudCompare software 

were used on received results. 

 

As the results of the work carried out, it is possible to derive quantitative characteristics: the 

used and described algorithm allowed to perform 3D registration for both working modes, 

as well as for the reduced point cloud from the preparation stage. The “Quality scanning” 
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method received an accuracy of 89%. On the other hand, the “Quick scanning” method 

received 85%. This information allowed to assume, that vibrations, caused by the lidar 

module and the stepper motor did not affect the scanning process that much. Additionally, 

this comparison gave the direction for the future development: both methods could be 

merged into one working mode, that combines higher point cloud density with higher 

scanning speed. 

 

As for the reduced point cloud, the accuracy of 93% were achieved. Such accuracy points 

out that the quality of the reduced point cloud is still much higher in comparison with the 

point cloud, captured by the prototype. This is due to the fact, that some design choices could 

be reworked and the list of components for the first prototype is relatively poorer to the 

modules and sensors used in the professional 3D scanners. 

 

The positioning algorithm, allowed to determine the position of the device with an accuracy 

of approximately ±120 millimeters, which gives a direction vector for the future 

improvements as well. 
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9  Conclusions 

This thesis reviews the initial process of developing a commercial device and describes the 

various steps and decisions made. The main goal of this thesis was to develop a first 

prototype of the device, which purpose is to execute 3D registration of the premises on the 

construction site to then identify the position of the platform on the IFC model. This position 

data then used for the laser projection system. It transforms the required image, and 

according to the position of the device, projects the image on the surface. Topics covered 

included describing the operation of the algorithm, design principles, and selecting 

components for the developed prototype. 

 

The results of the Research background sections showed, that today, the construction 

industry requires new technical solutions. Even though environmental scanning has reached 

a new level, new solutions based on the use of 3D scanning will improve the quality of the 

construction industry. 

 

During the development process, certain design solutions were adopted, which made it 

possible to reduce the impact of vibrations on the operation of the entire frame body. Basic 

requirements for physical parameters and the scanning time were met. 

 

Further development of the project involves improving the work of the scanning algorithm 

and working modes, rethinking the position determination algorithm. Key parameters for 

future prototypes will focus on reducing scanning time and improving positioning accuracy. 
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Appendix 1: Room scanning process; scanner at the second survey point 

 

 


