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ABSTRACT: 

 

In recent years, there has been an increase in development of urbanization in the world. Nowadays, all communities in the 

world are concerned about current technological developments especially in terms of development and management that can 

facilitate their daily life. In urbanization, smart city is one of modernization changes that improves the infrastructure 

management, convenience and efficient for the life of citizens. Moreover, 3D asset management is one of the approach of 

smart city development. Asset management using the 3D concept has been witnessing a welcoming approach due to its high 

efficiency in organising multiple assets. 3D geometric extraction offers a perfect aid in recording information of an asset such 

as buildings. The model is derived from the reality techniques where the exterior surfaces of an object are captured in high 

resolution through the means of special equipment such as airborne imagery. From here, point clouds are generated where the 

sets of points based on the external surfaces of an object are present. Pre-processing of point clouds should be done in order 

to perform the 3D modelling. In dealing with point clouds, segmentations are used to investigate the structure of the object 

with information regarding to different level of sections. The boon behind this segmentation process is to identify different 

features that is available for the object. In this research, the aim is to analyse the different methodology and algorithm available 

to segment the point cloud data. Comparison between the results will be made to identify the advantages and disadvantages of 

the results for the use of asset management. 
 

 

1. INTRODUCTION 

 

The development of urbanization is a non-ending 

phenomenon in the world. For the next few decades, 

urbanization will have a rapid expansion because of the 

population growth. Moreover, because of the rapid 

expansion, the environmental, economy and social 

sustainability will also face changes. So, Smart city 

concept is one of the ways to improve quality of life and 

the management of urbanization. A smart city is a 

municipality that uses information and communication 

technologies (ICT) to increase operational efficiency, 

share information with public and improve both of the 

quality of government services and citizen welfare(Rouse, 

2020). A smart city is a framework, predominantly 

composed of Information and Communication 

Technologies (ICT), to develop, deploy and promote 

sustainable development practices to address growing 

urbanization challenges (Thales, 2019). 

Smart cities are developed and delivered across the five 

key segments, buildings and facilities, transportation 

systems, public services, resource management and 

infrastructure (HarborResearch, 2020). Asset 

management is one of the smart city approach. Asset 

management is a collection of information on the assets. 

Asset management is a system that has been used by the 

public and organizations to manage and maintain 

infrastructure and building assets. There are some 

challenges that lie towards the transition of asset 

management to a smart city (Chaturvedi, 2019). The major 

challenges that lie in smart city development are that the 

urban planning technique and outdated management. This 

will cause some delays in the city development. To build 

a smart city, available resources, skills in planning and 

development, coordination and collaboration are needed. 

A proper management of assets can guarantee the success 

and resourcefulness of the city.  

The use of smart city technologies in urban design and 

planning requires a clear understanding of  IT support 

solutions which should be providing adequate 

development platforms to the urban application domains 

(Volkov et al., 2018). Besides, the recent development of 

3D technologies and tools have increased the availability 

and relevance of 3D data in the geospatial and geo-

information domain (Toschi et al., 2017). 3D data 

acquisition and modelling are one of the required method 

for the development of asset management for smart city 

development. Moreover, advanced analysis could be 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIV-4/W3-2020, 2020 
5th International Conference on Smart City Applications, 7–8 October 2020, Virtual Safranbolu, Turkey (online)

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLIV-4-W3-2020-61-2020 | © Authors 2020. CC BY 4.0 License.

 
61

mailto:sfaiz2@live.utm.my
mailto:aaishah2@live.utm.my
mailto:Suhaibah@utm.my


enhanced by using this modelling (see Azri et al., 2018; 

Azri et al., 2014). 3D data acquisition that involving 

operational sensor are such as laser scanning, radar, 

thermal, acoustic and others. This types of method are 

very popular because of their successful approach, faster 

and relatively cheap over the past few years.  Moreover, 

3D data modelling and visualization can be constructed 

from the 3D data acquisition. Thus, the production of 3D 

modeling and visualisation will give an impact towards 

asset management as a major contribution of smart city 

development. 

 

In this paper, Point Cloud Segmentation will become one 

of the initial approach towards the smart cities 

development. The ‘smart city’ concept entirely relies on a 

permanent stream of massive amounts of data acquired by 

a great variety of sensors distributed throughout the city 

(Lemmens, 2018). The smart cities development requires 

data integration with 3D city map with the help of point 

cloud as the main sources. 3D geometric extraction using 

segmentation is a method that is integrated with the 

current technologies and ICT. Point cloud is not a new 

approach introduced to the current urban development but 

it is one of the contribution towards urbanization. 3D point 

cloud segmentation is the process of classifying point 

clouds into multiple homogeneous regions, the points in 

the same region will have the same properties (Nguyen, 

2013). The segmentation of point cloud is the fundamental 

step in 3D point cloud processing. The point cloud 

segmentation is being used for automatic recognition of 

the building and their sub-elements. The 3D information 

of the building will be benefited for the segmentation. 

Moreover, the point cloud segmentation able to detect and 

recognize the geometric elements of the building. Thus, 

the point cloud segmentation approach could be one of the 

method used in the smart cities development for 

recognition of elements of the buildings. 

 

 

1.1 Overview on Asset Management 

 

Assets are known as a resource to any organisation that 

represents the economic value. It has been seen that 

something contributes into income generation for an 

organisation. The asset management has been seen as the 

process of the maintenance of assets. The importance of 

having an asset management is to enable one to keep tabs 

on the assets. The owner of the assets will know where and 

how the assets were used. Also, asset management helps 

to identify the risks posed by the assets itself. This is seen 

to be important so that mitigation of risks can be done. 

 

The implementation of 3D data in Geographical 

Information System (GIS) can be seen in many (Salleh et 

al., 2018; Keling et al., 2017; Yusoff et al., 2011). 

Furthermore, the use of GIS in decision making do ease 

the process in making final verdict (Mohd et al., 2016). On 

the other hand, 3D GIS has made asset management to be 

more easily managed since the assets can be specified in 

the certain location (Makkonen, 2016). A streamlined 

output and reducing time cost make 3D GIS increasingly 

popular among various organisations. The advantage 

posed by 3D GIS is the efficiency in detection of specific 

features of the asset while the assessment of flaws posed 

by the asset can be made. 

In regards to the immovable asset data, point clouds are 

the fundamental things that were needed to produce and 

analyse the assets. Point clouds were meant by the set of 

points that are extracted and scanned through the exterior 

of an object. The benefits of data acquisition from point 

clouds is that it allows the original features of the object to 

be retained and used for further analysis, making it perfect 

for 3D model segmentation processes.  

Point cloud segmentation is an important first step in 

categorising a raw point cloud data (Murtiyoso, 2019). It 

is a necessary step for the managing of data and generating 

other derivative products. For the asset management, the 

point cloud segmentation can play an important role. As 

widely known, asset management is one of the smart cities 

concept that is applying 3D representation in its 

applications. In asset management application, point cloud 

will be used for data collection of the building structure, 

features and visualizing 3D models. With the point cloud 

segmentation, the assets and feature of the building can be 

identified easily. The high-fidelity of point cloud dataset 

that can be generated will be a significant method to many 

organizations as for increasing the accuracy of asset 

management systems. 

1.2 Immovable Assets 

Immovable assets can be defined as the piece of property 

that is fixed to the surface of the land. The definition 

behind this meaning is that the asset can only be moved 

when it is destroyed or altered. It is bound by the 

geographical location and the features can come in the 
form of building. 

The problems raised include the long focus on 2D asset 

management. The objects can be viewed not in the full 3D 

view and this will lead to high error thus can be led to a 

poor documentation process (Innovation, 2007). 

Immovable assets such as building will have many 

different features. Analysis on the immovable assets can 

be a tiresome process where features cannot be identified 

properly due to numerous number of assets in the storage. 

Data redundancy can occur when using the traditional way 

in handling the immovable assets data which is why 3D 

asset management is in favour. Visualisation problems of 

the asset made it hard to be identified especially when it 

involves complex structure (Esri, 2014). This leads to the 

purpose of this research where segmentation method can 

be the way to overcome this problem. It is worth noting 

that the inaccuracies of 3D remodelling occurs due to the 

difficulties in differentiating the features in point clouds 

(Brous et al., 2015). From these problems, it is clear that 

the way to overcome this is by performing segmentation 

processes so that the features can be extracted and 
modelled for further analysis. 

1.3 Segmentation 

Segmentation is defined literally as the division of an 

object into separate parts. The objective of the 3D 

geometric segmentation can be traced to show the 

representation of parts of the object to make it manageable 

in the analysis process (Grilli et al., 2017). This is an 

important process where it helps to classify the different 

features posed by the immovable assets. In this research, 
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two methods were analysed which are the region-growing 

method and scalar method. These two methods were 

assessed where the results determined which of these two 

methods are superior in analysing the immovable asset. 

 

Region-growing segmentation refers to the ability to 

remove a region based on the connected criteria. In this 

segmentation, neighbouring pixels were analysed and 

joined. Initial seed points were needed in determining 

which pixels should be added to the region (Bischof, 

1994). 

 

Scalar-based segmentation refers to the segmentation 

process based on the RGB values of the dataset (Oehler et 

al., 2011). It is depending on the scalar field which is the 

set of values associated to points that are possible to be 

represented in colour values. 

 

1.3   Case Study 

The study focused on the immovable asset of a community 

hall that is located in Taman Kobena, Johor Bahru. The 

asset of focus here is the Dewan Muafakat which can be 

seen in the map of Figure 1. 

 

Figure 1: Location of Dewan Muafakat (Source: Google 

Map) 

 

 

2.0 METHODOLOGY 

 

To perform the segmentation and eventually information 

assessment of the asset, various approach have been done 

from the data acquisition, data processing and data 

presentation. Hardware includes drone and laptop have 

been used while software such Pix4D, CloudCompare, 

Microsoft Visual Studios and SketchUp are the useful 

tools in realising the purpose of this research. The research 

flow can be visualised in Figure 2. 

 

 
 

Figure 2: Flow of Research 

 

 

2.1   Data Acquisition 

 

The structure of Dewan Muafakat were surveyed through 

the means of photogrammetry. Photogrammetry is the 

method of producing an output based on the real-world 

objects. The means of aerial survey is used to capture the 

images of Dewan Muafakat through the use of drone. A 

total of 60 images that surrounds the features of Dewan 

Muafakat were captured using drone. In this process, the 

area of Taman Kobena that encloses the study of Dewan 

Muafakat undergoes the aerial survey.  

 

From the captured images via airborne survey, point cloud 

will be generated. Point Clouds refers to the set of points 

from a scanned object that has 3D features in it. The point 

cloud can preserve the original condition of the object 

surface which makes its beneficial for implementing 3D 

asset management. In this study, the point cloud is 

generated from the 60 images captured via Pix4D 

software. The collected aerial images were processed for 

point cloud generating and analysis. The generated point 

cloud is exported in LAS format. The detailed process will 

be discussed in the next section. 

 

 

2.2   Data Processing 

 

Several software were involved in the processing of point 

clouds. The software involved includes Pix4D, 

CloudCompare, Microsoft Visual Studio and SketchUp. 

The software mentioned that on the fundamental of 

producing point clouds that were generated from the 

drone’s captured imagery of Dewan Muafakat. Initially, 

Pix4D was the first software that involved as the part of 

the pre-processing of image. The image undergoes the 

Data Presentation

Comparison between 3D 
Models

Concluding the best 
segmentation method for 

asset management

Data Processing

Cleaning and Sectioning of 
Data

Segmentations of Point 
Clouds

Data Acquisition

Aerial Image Capture Point Clouds Generation
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process of registration. Registration is the process where 

the image is combined to perform a specific model based 

on the features available in the image. The generating 

point cloud will be in two parts namely “Initial 

Processing” and “Point Cloud and Mesh”. The “Initial 

Processing” is where the images are aligned 

geographically into their position while “Point Cloud and 

Mesh” is where the generation of point cloud is happened.  

 

 
 

Figure 3: Processing of Point Cloud Phase 

 

 

The results are obtained through the registration process 

will be the point clouds. The result will be exported into 

LAS file which then will be used for other processes later. 

The generated point clouds will then go through the 

process of noise filtering to mitigate possible errors 

occurred. The processed image will be transformed into a 

dataset of point clouds that are very important for the 

segmentation processes. Pix4D is the preferred software 

due to its efficiency and user-friendly interface that made 

it easier for users to understand and execute the processing 

of drone image. The generated point cloud were saved as 

.pcd file. The results can be seen in Figure 4. 

 

 

Figure 4: Point Cloud Dataset for Dewan Muafakat 

 

 

The point clouds will then be transferred into 

CloudCompare, an open-source software which caters to 

the processing of point clouds. In here, the extraction of 

point clouds were made where Dewan Muafakat is the 

main target for the segmentation processes. The remaining 

point clouds that cover the rest of the images view were 

removed. This will then be proceeded to the first method 

of segmentation, Scalar-based segmentation. 

 

Scalar-based segmentation was performed based on the 

scalar value that are available on the point clouds. The 

segmentation processes were made manually by 

extracting the features that are based on the scalar value. 

The segmented parts will determine how the software 

assess the point clouds in determining different features on 

the building. The result will show a new set of point cloud 

data. Instead of normal RGB point cloud that represents 

the real features of Dewan Muafakat, the latter result was 

shown in scalar-based form. This result makes it easier for 

further segmentation process in the approach. Figure 5 

shows the segmented parts based on the scalar values. 

 

 

Figure 5: Scalar-Based Segmentation of the asset 

 

 

The features of the segmented area will be extracted into 

new data then will be displayed in new window. The 

extraction was done to separate the features from the 

scalar values from the whole point cloud dataset of Dewan 

Muafakat which showcasing different features that will be 

added as the new dataset. The whole process of scalar-

based Segmentation can be simplified via the flowchart. 

The flowchart of the process can be referred to as Figure 

6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Flowchart of Scalar-Based Segmentation 
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Next, region-growing based segmentation. This 

segmentation uses a coding approach via C++ as the 

programming language. Microsoft Visual Studio is the 

platform to develop computer program. Using the source 

code that is available in Point Cloud Library (PCL), the 

segmentation process was done through the use of pcd file 

that has been produced earlier from CloudCompare. .pcd 

file is used as the PCL source code has its limitation of 

reading only .pcd file and CloudCompare is capable of 

generating the file type. The source codes can be viewed 

in Figure 7. 

 
#include <iostream> 

#include <thread> 

#include <vector> 

#include <pcl/point_types.h> 

#include <pcl/io/pcd_io.h> 

#include <pcl/search/search.h> 

#include <pcl/search/kdtree.h> 

#include <pcl/visualization/cloud_viewer.h> 

#include <pcl/filters/passthrough.h> 

#include <pcl/segmentation/region_growing_rgb.h> 

using namespace std::chrono_literals; 

int 

main(int argc, char** argv) 

{ 

pcl::search::Search <pcl::PointXYZRGB>::Ptr tree(new 

pcl::search::KdTree<pcl::PointXYZRGB>); 

 

pcl::PointCloud <pcl::PointXYZRGB>::Ptr cloud(new 

pcl::PointCloud <pcl::PointXYZRGB>); 

if (pcl::io::loadPCDFile <pcl::PointXYZRGB>("Dewan.pcd", *cloud) 

== -1) 

{ 

std::cout << "Cloud reading failed." << std::endl; 

return (-1); 

} 

pcl::IndicesPtr indices(new std::vector <int>); 

pcl::PassThrough<pcl::PointXYZRGB> pass; 

pass.setInputCloud(cloud); 

pass.setFilterFieldName("z"); 

pass.setFilterLimits(0.0, 5.0); 

pass.filter(*indices); 

pcl::RegionGrowingRGB<pcl::PointXYZRGB> reg; 

reg.setInputCloud(cloud); 

reg.setIndices(indices); 

 

 

Figure 7: Source codes used 

 

 

The process of the Region-Growing Segmentation can be 

explained in a sequential way. The first thing that will be 

done is to input of the point clouds data. In this case, the 

data must be in .pcd file in order to be compatible with the 

source codes. Failure to comply with the requirements will 

make the process halted. This is the reason why the point 

clouds dataset was exported in .pcd file in the 

CloudCompare software. The success in the insertion of 

point clouds file will trigger the initialisation of region 

lists. This process involves scanning the point clouds as 

the preliminary process before segmentation process 

begins. Region-Growing segmentation is based on the 

findings of seed points. The next step in the source codes 

will focus on this. Seed points will be located and the 

detected object that accumulates in the region will be 

segmented while the undetected will be ignored. The 

segmented objects of the point clouds will be then 

displayed in the CloudViewer. The process can be 

visualised as shown in Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Flowchart of Region-Growing Segmentation 

 

 

2.3   Data Presentation 

As both of the segmentation processes were done, a 3D 

model can be produced. Modelling software was used to 

model the object based on point clouds. In this instance, 

SketchUp software is used. SketchUp is a software where 

multiple tools are available to draw model based on 

desired motifs. A sufficient skill from the user is required 

to model the building. However, limitations were found 

where the point clouds cannot be used in the software due 

to the inability to import due to the reason of failed 

interoperability from CloudCompare to SketchUp. 

Normal modelling approach was done based on the 

assumption of the point clouds model to create a 3D model 

from SketchUp. 

 

 

3.0 RESULTS AND DISCUSSION 

 

The increasing efforts in developing smart city concepts 

are often coupled with three-dimensional (3D) modelling 

envisioned design (Buyukdemircioglu and Kocaman, 

2020). Moreover, the development of 3D modelling and 

visualization can be associated to the development of 

smart city (Azri et al., 2016). Thus, the most benefit of 3D 
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city models is their ability to simplify visualization, 

mapping and urban planning (Santos, 2020). 

 

In this research, the point clouds of the case study Dewan 

Muafakat were collected via drone and pre-processed 

through the software Pix4D. Through Pix4D, point clouds 

were generated. CloudCompare software is then used to 

further sectioned the point clouds and focused on the 

target area for segmentation processes. From here, scalar-

based segmentation was done through the software. 

Moving on to the next segmentation, region-growing 

based segmentation was done through coding of C++ 

through Microsoft Visual Studios. The model of Dewan 

Muafakat was constructed through SketchUp. The 

assessment of the segmentation methods was carried out. 

 

3.1 Scalar-Based Segmentation 

 

This method focused on the manual segmentation process. 

The segmentation was done by manually extracting the 

data based on the scalar filter that can be generated upon 

the point clouds dataset using the CloudCompare 

software. The segmentation was based on the scalar filter 

readily available in the software and filtration was made 

to the point cloud dataset. The scalar index defined the 

features of the dataset. From the process, a total of three 

major features were segmented which include building, 

ground and concrete ground. The point clouds were 

extracted into scalar form and also converted in RGB form 

where the distinct features can be seen from the result. 

From the result, a 3D model was constructed via Sketchup 

software which displaying the features of the segmented 

point clouds. Table 1 shows the results obtained from 

Scalar-based Segmentation for a clear visualization. 

 

 

Table 1: Scalar-Based Segmentation results 

 

 

3.2   Region-Growing Segmentation 

 

This method focused on the automatic segmentation 

process. The segmentation was done from the coding 

process which the source code was used from the Point 

Cloud Library (PCL). The source code was then used in 

the Microsoft Visual Studios as a C++ programming 

language. This process involved identifying the seed 

points that will affect the segmentation process. The result 

was obtained in a special CloudViewer. The result is 

shown in Figure 9. 

 

 

Figure 9: Region-Growing Segmentation result 

 

 

3.3   3D Modelling and Comparison 

 

Based on the segmentation processes that were being 

done, 3D modelling is executed on these two methods 

where the results will be compared and assessed. The 

results can be viewed in the following Table 2. 

 

 

Table 2: 3D Model of Segmented Results 

 

 

From here, it can be seen that the stark difference between 

results. The Scalar-Based segmentation provided a much 

clearer representation to the real features of the asset itself. 

Three main features were able to be extracted and 

developed into 3D model. However, the same cannot be 

said for Region-Growing Segmentation where only the 

building features were able to be modelled due to the noise 

generated by the processes. Hence, only the building 

feature can be modelled as this posed a disadvantage for 

the asset management. The Scalar-Based Segmentation 

allows each of the features to be extracted and this is 

useful for further analysis while Region-Growing 

 

Scalar-Based 

Segmentation 

 

Region-

Growing 

Segmentation 
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Segmentation can only be viewed in the window without 

the capability of extraction. The following Table 3 shows 

the comparison between the results of the whole process. 

 

 

 

Table 3: Comparison between methods 

 

 

Based on the Table 3, the comparison between Scalar 

based method and Region Growing Segmentation have 

stark differences. Scalar-Based Segmentation provided a 

longer time approximately 10 minutes to be taken for 

process, this includes the sectioning, cleaning and 

registering the scalar field values. The process will then 

divide the features into three parts where the extraction 

process was done. This is contrasting to the Region-

Growing method where the process only took three 

minutes. This is largely due to the automatic selection 

posed by the method which makes it very easy to use. 

There are more objects detection were found for Region-

Growing method. However, it does not show the accurate 

representation of the real features due to noise occurs. 

Meanwhile, using scalar-based method shows the accurate 

representation of features. From the table, it can be 

concluded that there are many pros and cons between the 

two methods. From the Scalar-based Segmentation, the 

method able to make correct elements selection and enable 

the element extraction. However, this method needs 

further data cleaning and a careful selection has to be 

conducted during the element extraction. For Region-

Growing Segmentation, the method provided are fast and 

easy to be used and there is no pre-selection has to be 

conducted during extraction. But, the method also has 

constraint where it has the inability to be extracted, highly 

sensitive to noise and not suitable for large data. 

Therefore, both of the methods have their own pros and 

cons, hence the most suitable method must be chosen 

carefully based on our criteria, data specification and the 

output needed. 

 

 

4.0 CONCLUSION 

 

With the growing globalization and urbanization, 

development of smart cities has turned out to be a 

necessity (Chaturvedi, 2019). Management of assets that 

are integrated with 3D modelling and visualization is a 

part of the smart city development. The asset management 

in three-dimensional approach consists of data collections, 

management, analysis, modelling and visualising 3D city 

models according to smart city standard. From the 

analysis, it can be concluded that by using Scalar-Based 

segmentation is a superior alternative for the use of asset 

management. It has been proven that by using this method 

shows a better accuracy in terms of visual appearances that 

can be further analysed for other works.  

 

The objective of managing the point clouds data for asset 

management has been achieved where the input and output 

of the data were finalised by using specific hardware and 

software. The identification of the best segmentation 

method was known through the comparison between 

Scalar-Based and Region-Growing segmentation method. 

It is apparent to see the comparison through the discussion 

which states that the first method is superior. The results 

were finally designed in a 3D model where the visual 

comparison were made there for a better understanding of 

the nature of the asset. Such feat is important for 

immovable assets to undergo the process of management 

in an easier way through the implementation of 3D asset 

management. Segmentation really helps in understanding 

the features that is possibly hard to identify by normal 

observations. 

 

This paper presented a review on the segmentation 

methods using two different approaches, scalar-based 

segmentation and region-based segmentation. The 

difference between these two methods were assessed and 

it can be seen the benefits posed by both methods. Some 

can pose disadvantages over others. Careful selection of 

segmentation methods should be performed in order to 

reduce the problems while handling the asset 

management. This research is still an open topic and more 

experimental tests should be carried out. In the future, it is 

feasible that the study and approach of segmentation 

should be further improved so that point clouds data can 

be handled much more effectively and efficiently. This 

research is focused on the management of the immovable 

assets. It is recommended in the future that more 

researches can be done for moveable assets where the 

objects vary and more detailed. 
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