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ABSTRACT 

An indoor asset is extremely important in building management and 

maintaining or increasing a building’s value. However, this indoor asset is hardly 

being tracked due to cumbersome methodology and techniques in the past. Hence, 

this study looked at the possibility of using a Terrestrial Laser Scanner (TLS) to 

acquire the internal dimension of the building in addition to the indoor asset. 

Furthermore, this study aimed to investigate an optimised approach to acquiring 

point cloud data for asset navigation applications. The objectives of this study were 

to identify the optimal configuration required, investigate the effect of multi-

resolution, and access the navigation application with points cloud data. After a 

thorough investigation of the subject - namely the two resolutions of 6.3mm and 

12.5mm, TLS was used to acquire points cloud data. The points cloud was processed 

and reduced with the “remove redundant points” function to check the size of the 

file. In the end, the points cloud was exported in image format to the navigation 

application. The optimal resolution obtained to scan a small indoor asset was 6.3mm 

resolution, even though the time to acquire it doubled the amount of time acquired by 

12.5mm resolution. The higher resolution is not recommended for acquiring data on-

site as the total columns of points across 80mm is only 21columns with a 3m 

distance from equipment to target. As a result, it is recommended to use 6.3mm to 

acquire a small indoor asset no further than 6m in the distance from the equipment.  

The user feedback concluded that the importance of the indoor asset navigation 

application is based on the point cloud data, and most of them were pleased to see 

such an application which can develop to help them in building management and 

maintenance. In conclusion, this study shows that the navigation application with 

points cloud data can improve building management and maintenance performance.  
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ABSTRAK 

Aset dalaman amat penting dalam pengurusan bangunan dan dalam 

mengekalkan atau meningkatkan nilai bangunan. Walau bagaimanapun, aset dalaman 

ini hampir tidak dapat dikesan disebabkan oleh kaedah dan teknik yang 

menyusahkan pada masa lalu. Oleh itu, kajian ini melihat kebarangkalian untuk 

menggunakan Pengimbas Laser Terrestrial (TLS) bagi memperoleh dimensi dalaman 

sebagai tambahan kepada aset dalaman. Selain itu, kajian ini bertujuan untuk 

mengkaji pendekatan yang lebih optimum untuk memperoleh kumpulan titik data 

bagi kegunaan aplikasi navigasi aset. Objektif kajian ini adalah untuk mengenal pasti 

konfigurasi optimum yang diperlukan, mengkaji kesan daripada resolusi berlainan 

terhadap kumpulan titik awan aset dan mengakses aplikasi navigasi data titik awan. 

Selepas kajian menyeluruh terhadap subjek – iaitu dua resolusi 6.3mm dan 12.5mm, 

TLS digunakan untuk kumpulan titik data. Saiz data telah diproses dan dikurangkan 

dengan menggunakan fungsi remove redundant points untuk menyemak saiz fail. 

Akhirnya, data telah dieksport dalam format gambar ke aplikasi navigasi. Resolusi 

optimum yang diperlukan untuk mengimbas aset dalaman kecil ialah resolusi 6.3mm, 

walaupun masa untuk memperolehnya adalah dua kali ganda jumlah masa yang 

diperlukan dengan resolusi 12.5mm. Peleraian yang lebih tinggi tidak disyorkan 

untuk memperoleh data di tapak kerana jumlah lajur titik merentasi 80mm hanyalah 

21 lajur dengan jarak 3m dari TLS ke sasaran. Oleh itu, adalah disyorkan untuk 

menggunakan 6.3mm untuk memperoleh aset dalaman kecil dengan jarak tidak lebih 

daripada 6m daripada TLS. Maklum balas pengguna menyimpulkan bahawa 

kepentingan aplikasi navigasi aset dalaman adalah berdasarkan data titik awan dan 

kebanyakan mereka berpuas hati melihat aplikasi sedemikian yang boleh 

dibangunkan untuk membantu mereka dalam pengurusan dan penyelenggaraan 

bangunan. Kesimpulannya, kajian ini menunjukkan bahawa aplikasi navigasi dengan 

data titik awan dapat meningkatkan prestasi pengurusan dan penyelenggaraan 

bangunan. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background Study 

 

 

An asset are valuable resources which holds positive economy value for 

individual, company or a nation. Asset as according to Cambridge Dictionary is 

something which is owned by a person, company, or organisation such as money, 

property, or land. In terms of finance, the asset can then be further breaks down into 

current asset and capital asset (fixed asset). As the definition of an asset is largely 

loose, for this research paper, the asset is defined as the fixtures and fittings within a 

building which bring benefits to the management, maintenance and value of the 

building.  

 

 

 There are many methods to capture the asset to be in spatial information. The 

first as most of the company practise, is in the form of checklist – hardcopy 

paper/files, as point by Lorence & Churchill (2005) - Paper-based record systems are 

so in-grained in the health-care organizations that they have established a cultural 

standard. In fact, N. Al-Hanbali and S. Aqel (2001) states that Gaza City 

municipality data is based on hard copy maps and had some AutoCAD files but have 

several problems in terms of homogenous, filing system and suitability for 

generating digital maps for a Geographic Information System (GIS).  
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 True representation of asset in real space allows a better data management 

and search such as real position of item, better grasps of the asset, and easily shared 

over a distance. In saying that, data is easily stored and use by many parties.  

  

 

 This research captures the spatial information using Terrestrial Laser Scanner 

(TLS). Over the past decade, point cloud data become an important and relatively 

cost-effective component of the remote sensing constellation (Patrick McHaffie, 

2019, p. 254). In terms of data acquisition of a building, which is normally built from 

existing architectural drawing.  

 

 

 One of the important information to support the indoor navigation is the 

basemap; either in two- or three-dimensional (3D) view. Currently, the widely used 

platforms for 3D mapping works is TLS (Mat Adnan et al., 2019). This 3D scanning; 

is the act of mapping an object, structure or area and describing it in the form of X, Y 

and Z coordinates – a format known as “point cloud”.  

 

 

 Point cloud is a collection of data points defined by a given coordinates 

system (Rouse, 2016). As the collective of few sets of point cloud to create a scene is 

known as Point Clouds. These point clouds are used to create 3D meshes and it 

defines the shape of a physical object or any study area.  

 

 

 Ten years back, the point clouds database may be too heavy and may not be 

able to view and run-in normal computer, laptop or smartphone. However, the 

advancement of technology in computer’s hardware and software brings down the 

cost and which brings another dimension of spatial environment to human. Today, 

TLS can easily be used in capturing the spatial information and being displayed in 

most medium-cost computer. 
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 This is important, as in a world where spatial relationship between people and 

their physical and human environments, economies, and cultures are made clear in 

ways that never been possible. Patrick McHaffie et al (2019) states that this is the 

promise of GIS. GIS is a term for the system to create and manage all types of data 

related to map. This may include indoor map.  

 

 

 M. Moncecchi et al (2021) details the benefits of GIS-based models in power 

system, analysing Chacas distribution network conversion between procedure from 

traditional support and GIS model. There is no doubt that the integration of 

geospatial information and other items brings benefits in management and 

maintenance.  

 

 

 While the term GIS may be more related to the outdoor spatial data, the 

development of TLS brings the new term of Level of Detail (LOD) to GIS. The term 

LOD further explained in sub-sub-section 2.3.2. TLS is reliable in capturing the point 

cloud in details; however, the limitation is the distance between TLS to targeted 

objects. The information further discussed in sub-sub-section 2.2.1. 

 

 

 All in all, the advance of TLS and computer’s hardware and software brings 

new perspective in human to capture, view, manage and navigate their indoor asset in 

the form of spatial data. Hence, this study focuses to provide the 3D point cloud data 

for assets and inventory navigation system.  

 

 

 

 

1.2 Problem Statement 

 

 

 Maintenance of an asset normally kept in hardcopy method, as paper being 

kept in files/folder separated by months or years. As time goes by, some files may 
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end up in store room. On the other hand, some company did keep the record in the 

form of softcopy – excel spreadsheet. However, all of these maintenance records are 

not being integrated within any system. Over time, some record maybe lost in data 

migration, files loss, and et cetera.  

 

 

 There are several methods to create the basemap or floorplan. Most 

commonly, through as-built drawings. Besides that, the commonly used technique 

includes the traditional measurement tape and rulers to the use of technology 

equipment ranging from Total Station, High Resolution Camera to latest available 

technology – Terrestrial Laser Scanner (TLS).  

 

 

 In normal practices, the as-built drawing; the drawing produced after a 

building is completed is used to generate a 3D model. However, the drawings 

generally outdated and or even missing as state by Mikhail Giorgini et all (2018) 

when the author wants to generate floorplan for its automated vehicle. Y. Rezgui et 

al (2010) states that the conventional method in building management is normally 

through documented archives. This proven to be costly in the research done by Peter 

E.D. Love and C.P. Sing (2012).  

 

 

 Besides that, Total Station; the equipment which can measure and record 

horizontal and slope distance. However, the equipment can only perform a 

measurement directly to a particular point which consume a lot of time. (Ms. KS 

Shobana.M.E. et al, 2019). Besides that, Total Station cannot capture the features of 

the building.  

 

 

 One of the researchers, Lei Hou et al (2014) propose to use the method of 

photogrammetry, using high resolution camera to capture a refinery in oil and gas to 

provide an augmented reality in assisting the building (facility) management. The 

method from the author proven to creates a spatial sense and visualisation for the 

personnel in charge of building (facility) management.  
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 Recently, the TLS is emerging at an affordable price. This technology allows 

the capturing of point cloud to produce point cloud data. This point cloud data is in 

3D environment; which means every single point contain the X, Y and Z value. Thus, 

the point cloud data can further be used to create 3D model. This 3D environment 

provided in three-dimensional space is important to create efficient management 

(Stanþiü, B., 2014).  

 

 

 The advantage of point cloud data is the ability to give an additional 

visualisation to true environment and at the same time - measurable. Company can 

add information of assets; such as fixtures and fittings to the point cloud data, 

making a single application to maintain, records, position of each asset and 

navigation.  

 

 

 The main problem with TLS however is the distance between the equipment 

and objects. The further away TLS with the target object, the resolution scan increase. 

Besides that, the dense point cloud data capturing increase the size of the file which 

is too heavy for end user to run. Denser point clouds data acquisition affects not only 

time on-site, it affects the processing time; and subsequently loading time during 

filtration and affects end-user products.  

 

 

 In conclusion, this research paper concentrate in identifying the resolution 

needed to obtain a point cloud data which can be used to identify small asset and at 

the same time; not consume too much time in acquisition.  
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1.3 Research Questions 

 

 

 With so many methods and equipment in the market, this research looks into 

optimal configuration for TLS in capturing spatial information and subsequent 

developed into navigation system. The point cloud is greatly aided via visual 

interpretation of roads, buildings and others feature (Charles D. Ghilani and Paul R. 

Wolf, 2015, p. 817).  

 

 

i. What is the optimal configuration in capturing point cloud? 

ii. What is the effect of multi-resolution in capturing asset? 

iii. How reliable of the navigation system? 

 

 

 

 

1.4 Research Objectives 

 

 

 The aim of this study is to investigate optimise approach in acquiring point 

cloud data for assets navigation application.  

 

 

i. To Identify an optimal configuration in capturing point cloud of Dewan 

Muafakat, Taman Kobena 

ii. To evaluate the effect of multi-resolution in 3D documenting of assets 

iii. To assess the navigation reliability of developed 3D assets navigation system. 
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1.5 Scope of the study 

 

 

 The general purpose of this research is to identify the best resolution of TLS 

to capture spatial information which is important for the maintenance of the asset 

such as fixture and fittings. The word best here refers to the time taken for each 

resolution and the lowest resolution possible but not jeopardise the required spatial 

information.  

 

 

The 3D basemap produced input into software for further integration of 

positioning and possibilities of navigation. The scope of the study further explained 

in the following sub-sections; the study area, objects of interest; and the topics and 

theories.  

 

 

 

 

1.5.1 Study Area  

 

 

 The selected study area is Dewan Muafakat Johor, Taman Kobena, Johor 

Bahru, Johor as shown in Figure 1.1. The study area is located near the Masjid Al 

Makmor Taman Kobena. The study area is suitable for capturing point cloud of the 

indoor asset since the need for monitoring the asset building. This building is owned 

by Majlis Bandaraya Johor Bahru, Johor.  
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Figure 1.1 Study Area (Source: Google Earth) 

 

 

 

 

1.5.2 Point Cloud Data of Indoor Asset 

 

 

 The Topcon GLS-2000 is designed for use with known control points. 

Because of that advantage, it speeds up the processing part in this study. Topcon 

MAGNET Collage has been optimized to quickly acquire and manipulate 3D data. 

MAGNET Collage is fast and efficient way to handle mass 3D data and this software 

was used to handle the whole process from registration of point clouds. This software 

can clean/filter the noise (unwanted point cloud) from the dataset.  

 

 

 The Topcon GLS-2000 used to capture the spatial information of the asset in 

point cloud data. Although the Topcon GLS-2000 can be used without the known 

points, the availability of the known coordinates allows faster scanned data 

integration.  
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 Topcon MAGNET Collage used to handle mass point clouds data. The 

Autodesk Recap further be used to analyse the asset within the building. Table 1.1 

shows the advantage and disadvantage of spatial information in point cloud model. 

 

 

Table 1.1: Advantages and Disadvantages of Point Cloud Model 

Advantages Disadvantages 

Point Cloud Models can accurately represent 

complex objects 

Point Cloud Models lack the precision of 

Boundary Representation (BRep), thus cannot 

create mathematically perfect curves 

Point Cloud Models can be the quickest to 

create and view.  

Point Cloud Data does not include information 

on surfaces 

 Point Cloud Data is difficult to translate into an 

accurate BRep or Polygonal Model 

(Sources: Dassault Systèmes, Spatial Corp 

Website accessed on 31st March 2020) 

 

 

 

 

1.5.3 Scanning Resolution of Indoor Asset 

 

 

As the power of laser affects the timing of acquisition directly, only Standard 

Power option used for both resolutions used in this study. As per Topcon GLS-

2000’s specification, the Standard Power for laser is classified as Class 3R. Class 3R 

Radiation is consider low risk but potential hazardous. Resolution of 6.3mm and 

mid-resolution of 12.5mm being chosen for comparison in terms of acquisition time 

and data quality. 

 

 

 There is advantage and disadvantage for different resolution. Higher 

resolution may result in large point cloud data file which may be difficult to open and 

process. On the other hand, lower resolution may be enough for navigation purposes 

within the building in addition for easier for maintenance.  
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1.5.4 Indoor Asset Navigation Application 

 

 

 There are various established methods of establishing indoor positioning and 

possibilities of indoor navigation. Point cloud of 3D were used as a basemap of 

assets navigation by using open sources software. The software can calculate the 

distance between two points and shows navigation path to there. It is easy to create a 

POI within the image-based map.  

 

 

 In order to identify the asset, a questionnaire conducted among public. The 

questionnaire randomly distributed via online method. The aim of the questionnaire 

is to identify the perception of public on the asset within a building. The stakeholders 

are not aim of this research as it aims towards easiness of public to use, navigate and 

makes direct complain to stakeholders.  

 

 

 

 

1.6 Significance of the Study 

 

 

 This study shows the total time needed on field to scan the asset, in terms of 

lowest possible resolution to save time but at the same time, not jeopardise the 

quality of spatial information. The point cloud data show the astonishing amount of 

information which can helps management in making decision in maintenance, and 

may save more money in long run.  

 

 

 There are still doubts on the benefits of point cloud data especially in 

Malaysia. This study shows that the integration of maintenance record for asset’s 

fixtures and fittings with point cloud data basemap are possible. Thus, there a proper 

way to track all important information which is important for the maintenance of an 

asset.  
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1.7 Research Methodology Overview 

 

 

 This research breaks into a total of five (5) phases. This is generalised and its 

flow is shown in Figure 1.2, which is Preliminary Study, Point Cloud Data 

Acquisition, Point Cloud Data Processing, Evaluation of Point Cloud Output and 

Navigation System Development; and Conclusion and Recommendation.  

 

 

 

Figure 1.2: General flowchart of the Study 

 

 

 Phase 1 the preliminary study. This phase concentrates on others researches, 

journals, articles and internet resource in order to gain additional knowledge and 

better understanding on this topic. Thus, help in preparing this research paper in 

relating and solving the problem statements.  

 

 

 Phase 2 is the point cloud data acquisition. This phase takes into 

consideration of site identification, planning and proper location of TLS to allow 

proper scanning of all assets. On site, the Topcon GLS-2000 is used to capture the 

spatial information. The spatial information is stored in the form of point cloud and 

further be processed in Phase 3.  
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 Phase 3 is the point cloud data processing. The software used in this research 

paper is Topcon MAGNET Collage. As the point clouds consist of several group of 

point cloud, the common point (such as wall and asset) must be properly matched as 

it may results incorrect representation of field.  

 

 

 Phase 4 is the result and analysis. The results analysed to prove the 

significance of this study. Further, the software to display the data given to related 

users for feedbacks. The Autodesk Recap used to identify the asset in point clouds. 

Open-Source Software – Navigine used for asset navigation.  

 

 

 Phase 5 is the conclusion and recommendations phase. A conclusion draws 

with the results captured in Phase 4. All results have strengths and weaknesses. Thus, 

further recommendations and limitations resulted from this study can be listed for 

further study.  

 

 

 

 

1.8 Thesis Organization  

 

 

 Chapter 1 is an introduction of study. This chapter consists of background of 

study, problem statement, objective of study, scope of study, significance of study 

and research methodology.  

 

 

Chapter 2 describes the fundamental of this study which provides appropriate 

knowledge including the theories, definition and applications employed in this study. 

This chapter reviews the existing research related to this study and some useful 

references on TLS, assets management and navigation application. 
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Chapter 3 consists of research methodology which covers the preliminary 

study, data acquisition and processing, result and analysis as well as conclusion and 

recommendation for this study.  

 

 

Chapter 4 presents the result and analysis of this study. This chapter discusses 

on the accuracy assessment which consists of accuracy and precision assessment 

point clouds produced. The results and relevant analysis are illustrated and 

elaborated in various forms such as table, graphic presentation, tabular form and 

graph presentation.  

 

 

Finally, Chapter 5 delivers the concluding remarks and recommendations 

which are drawn from the study that has been carried out. This chapter concludes the 

finding of this study and achievement of study objectives. Furthermore, suggestions 

or recommendations on future works can be found here. 
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