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ABSTRACT

In any desktop and online mapping platform, almost all types of spatial datasets
are prepared in multi-scale levels to support map ratio in each zoom class. Current
practices in multi-scale data management are either by file-based, database, layer tiles
or by using generalisation algorithms to support each transition zoom level of online
maps. Multi-scale datasets, either 2-Dimension (2D) and 3-Dimension (3D) vectors or
raster, are prepared to serve as a set of data in several accuracy levels or level of details
(LoDs) for sharing purposes. However, existing solutions have several drawbacks,
either at the storage cost, updating workload or visualisation (graphic and memory),
and are time-consuming. For example, vector datasets lead to redundancy in geometry,
attribute, topology and semantics for each LoDs and are unable to be viewed inasingle
viewer. On the other hand, the raster dataset has multiple resolutions from various
sources and times, leading to extra storage and slower rendering performance. Thus,
this study aimed to develop new approach in properly managing existing multi-scale
spatial data such as vector 2D, 3D CityGML and rasters toward a single layer map
viewer. The study introduced the Scale Unique Identifier (ID) for vectors to connect
all respective LoDs in the attribute database, enabling cross-LoD information query.
The High Definition (HD) Map Extractor tool was developed for the raster, and the
Enhanced Terrain Profile (ETP) was upgraded based on works in QGIS software to
support cross-resolution queries respectively for polygons and lines. The performance
of each mentioned dataset was tested, especially in machine resources utilisation on
memory, graphic and processor for updating workload, time taken for cross-scale
query, and cost-benefits compared to the existing solutions. The experiment performed
in this study improved up to 75 percent of time taken for information retrieval, cost-
benefits and maintenance efficiency compared to the existing solutions. The findings
would benefit data owners and providers in sharing their spatial datasets while
minimising the drawbacks. The study has proven that proper construct, control and
management of multi-scale spatial datasets would undoubtedly encourage and
expedite data sharing among respective data owners, agencies, stakeholders and public
users. The study could be extended by improving data sharing standards, implementing

scale unique ID in spatial databases and single viewer for 3D city models.
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ABSTRAK

Dalam mana-mana desktop dan platform pemetaan dalam talian, hampir semua
jenis set data spatial disediakan dalam beberapa tahap berskala bagi menyokong nishah
peta dalam setiap kelas zum. Amalan semasa dalam pengurusan data berskala adalah
sama ada berdasarkan fail, pangkalan data, lapisan berjubin atau dengan menggunakan
algoritma generalisasi untuk menyokong setiap tahap peralihan zum pemetaan dalam
talian. Set data berskala, sama ada vektor 2-Dimensi (2D) dan 3-Dimensi (3D) atau
raster, disediakan bagi berfungsi sebagai satu set data dengan beberapa tahap
ketepatan atau tahap perincian (LoD) untuk tujuan perkongsian. Walau bagaimanapun,
penyelesaian sedia ada mempunyai beberapa kelemahan, sama ada pada kos
penyimpanan, mengemas kini beban kerja atau visualisasi (grafik dan memori), dan
memakan masa. Sebagai contoh, set data vektor membawa kepada lebihan dalam
geometri, atribut, topologi dan semantik bagi setiap LoD dan tidak boleh dipaparkan
dalam satu paparan. Sebaliknya, set data raster mempunyai pelbagai resolusi daripada
pelbagai sumber dan masa, yang membawa kepada tambahan penyimpanan dan
prestasi pemaparan yang lebih perlahan. Oleh itu, kajian ini bertujuan untuk
membangunkan satu pendekatan baru dalam menguruskan dengan betul data spatial
berskala sedia ada seperti vektor 2D, 3D CityGML dan raster ke arah paparan peta
lapisan tunggal. Kajian ini memperkenalkan skala unik Identifier (ID) bagi vektor
untuk menghubungkan semua LoD dalam pangkalan data-atribut, membolehkan
pengekstrakan maklumat antara LoD. Alat High Definition Map Extractor (HD Map
Extractor) telah dibangunkan untuk raster, dan Enhanced Terrain Profile (RTP) telah
dikemas kini berdasarkan kerja dalam perisian QGIS bagi menyokong pengekstrakan
antara resolusi berdasarkan poligon dan garisan. Prestasi setiap set data yang
disebutkan telah diuji, terutamanya dalam penggunaan mesin pada memori, grafik dan
pemproses bagi beban kerja pengemaskinian, masa Yyang diperlukan bagi
pengekstrakan maklumat antara skala dan manfaat kos yang dibandingkan dengan
penyelesaian sedia ada. Eksperimen yang dilakukan dalam kajian ini telah
meningkatkan sehingga 75 peratus masa yang diambil untuk mendapatkan maklumat,
manfaat kos dan kecekapan penyelenggaraan berbanding dengan penyelesaian sedia
ada. Hasil kajian ini akan memberi manfaat kepada pemilik dan penyedia data dalam
berkongsi set data spatial mereka disamping meminimumkan kelemahan. Kajian telah
membuktikan bahawa cara pengumpulan, pengendalian dan pengurusan set data
spatial berskala yang tepat akan mendorong dan mempercepatkan perkongsian data di
kalangan pemilik data, agensi, pihak berkepentingan dan pengguna awam. Kajian ini
akan diteruskan dengan menambah baik piawaian perkongsian data, pelaksanaan skala
unik ID dalam pangkalan data spatial dan pemapar tunggal untuk 3D model bandar.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Nowadays, the Geographic Information System (GIS) is widely used to
capture, store, manipulate, analyse, disseminate, retrieve spatial data as referenced
geographical information (Dueker, 1989) and present (modelling/visualising) as an
effective decision-making tool. Decision- makers had shifted and relied on GIS since
early 1990, especially to solve GIS- related complex spatial problems via integrating
knowledge on database, analytical model, tabular reporting, visualisation capability
and others. Demands of various spatial data information are essential especially for

decision- makers in specific and related domains.

In a successful implementation of the GIS system or application, a combination
of several basic components should coexist. There are five well-known basic
components - data, people (expertise or/and user), procedure, hardware and software.
Absence of any of the mentioned components during implementation results in
unreliable spatial information or, in the worst case, failure in the GIS system/project
as a decision-making tool. One of the mentioned GIS components which is considered
as the first priority in setting up any GIS analysis, units, systems or applications — the
data. GIS data (formally called spatial data) is the main factor in differentiating either
a particular system based on standard Information Technology (IT) or the GIS system.
A systematically managed GIS dataset is very essential and undoubtedly will increase
performance of four other components such as people (less workload), procedure (easy

method), software (functionality, analysis and viewer), hardware (selection and cost).

As for GIS data, there are two categories of spatial data types; vector and raster
datasets (Maffini, 1987). Later, they are subdivided into dimensionality levels such as

well-known terms used across professional domains. For example, spatial dataset



covers vector and raster for two-dimensional (2D) dataset while 3D buildings and
terrains are normally called 3D models. For vector data type, it can be in multiple
dimensionality - nD (where n is from 0-3 at the moment for spatial components),
comprising of geometry, topology, semantic integration and attribute components,
while the raster data type only has single values such as elevation, density or other
parameters. However, any spatial dimension dataset/model may have different time

frames and representation details which are covered in this thesis.

Recently, the evolution and popularity of the GIS spatial data are quite
advanced, especially in the aspects of modelling platforms (software) and hardware
development (survey instruments, computers and related Internet technology).
Traditionally, spatial data was presented in two-dimensions (2D) such as printed maps,
whereas these days three-dimension (3D) GIS has become a trend for spatial data
modelling (Al-Hanbali et al., 2006). A good set of GIS dataset/model, while utilising
the integration of procedure, hardware and software components, undoubtedly
produces crucial information describing real -world phenomenon and man-made

features for related organisations/governances as a geo-decision tool.

As for 3D modelling, software components, especially from commercial and
open-source platforms offer built-in functionalities. For instance, Computer Aided
Design (CAD), Revit, Blender, Sketchup, FreeCAD, Paraview, Transmagic and others
provide 3D modelling and visualisation solutions which introduce several 3D data
formats. Although 3D modelling is considered as a norm, some functionalities
(analysis) and queries are still in the early stage and very limited as compared to the
overall capability in the 2D spatial datasets environment (Karim et al., 2017). Thus,
many basic and complex functions or analysis available in the 2D GIS can hardly be
implemented in the 3D GIS environment, for example, spatio-temporal map
generalisation (Mioc et al., 2013). Geometry, topology, semantic integration and
feature attributes are the basic keys of spatial data requirements in serving GIS data-

ready especially for n-dimensional (n>1) data model presentation (Karim et al., 2016).

The previous paragraph is all about spatial dimension (2D and 3D) for both the

vector (geometry, topology, semantic and attribute) modelling and the raster data type



which are considered as mainstream for spatial modelling. However, the GIS trend is
shifting towards new dimensions which are classified as non-spatial dimensions such
as scale (e.g. level of details model/information), time (e.g. time frame/temporal such
as historical data) and other parameters (e.g. temperature, sound etc.) depending on the
needs of the GIS-related domains and applications. The research society is moving
forward to integrating a highly formal definition of geo-data (Oosterom and Stoter,
2010), especially since the last decade. Thus, the scale and the temporal dimension
have become trends for research and implementation in the 2D and 3D modelling
environment. For example, Google Earth services provide temporal imageries data to
suit some applications on land use - urban changes, better resolutions which consists a
series of orthophoto images of current and previous year. These images are spatially
georeferenced to support non-spatial dimensions (e.g. temporal and scale/resolutions)
especially toward ‘Big Data’ preparedness and efficiency (fast, better performance,
minimum machine resource consumption and costs) retrieve information (data

management) in the future.

In the GIS perspective, a multidimensional (nD) model may consist of one,
two, three or more non-spatial dimensions supporting spatial objects (Karim et al.,
2016; Gold, 2005). Many approaches, methods, and algorithms (data model or data
structure) can be used in defining higher dimensional or hybrid of spatial and non-
spatial models. The 3D model possibly may also consist of the 2D geometry of spatial
dimensions accompanied by non-spatial dimensions such as scale or time as the third
dimension (Oosterom, 2005). This idea is also supported by Gold (2005) who suggests
that a 3D model may consist of a 2D geometrical primitive of spatial dimension and
unconnected data of objects or parameters. The unconnected geometrical data also can
be understood as a viewpoint reflection (observation) of spatial objects (Zhou & Jones,
2001) in different perspectives such as a series of details (multi-scale) or time /
temporal dimension. Thus, the 3D multi-scales and 3D-temporal dimension may
consist of a 2D spatial object linked to a series of different details or temporal (time)
maps which contain mostly identical 2D objects. Therefore, the 3D-scale is the
dimension of a series of different representation details (1D non-spatial) of the same
2D mapping objects while the 4D-scale is for the 3D object with multi-representation

details.



However, using these 3D term will cause confusion among GIS users (who
mostly recognise 3D as spatial X,Y,Z), especially for laymen, clients, professional
and system developers who have limited background on the mapping (GIS) concept.
Thus, from this section onwards, the terms 2D-scale and 3D-scale which will be used
often, refer to the 2D spatial dataset with additional scale dimension, while the 3D-
scale term will refer to the 3D spatial model with scale dimension.

Literature on this non-spatial scale dimension shows that since early 2000,
researchers have attempted to add another dimension such as scale and time into the
spatial GIS modelling (Worboys, 1994; Raper, 2000; Peuquet, 2001) but had less
significant results due to unsupported available data structure and data model. Peuquet
(2001) and Worboys (1994) focused on the temporal dimension, while Oosterom
(2005) and (Li, 1994) focused on the scale dimension. The implementation of the scale
dimension faces many problems mostly due to the limitation of available data
structures especially for three and higher dimensions. Only a few models extended
from the Multi-Scale Line tree (Jones & Abraham, 1986), Arc-tree (Gunther, 1988),
Binary Line Generalisation (BLG) (Oosterom, 1990) and others are potentially able to

integrate geometric and scale aspects in one representation.

Scaling dimension in GIS has gained some popularity in recent years due to
the demand from users or applications to extract and share their 2D and 3D data models
across mapping levels (macro and micro) which could provide spatial information to
various related domains for decision making process. The GIS research community is
focusing on integrating a highly formal definition of geo-data (Oosterom & Stoter,
2010) and thus is focusing on designing the most efficient framework for the
implementation of the scale dimension. It includes efficient zooming, query, storage
(avoids redundancy and inconsistency as much as possible), schema, format, standard
levels of accuracy and progressive transfer between the client and the server sites (if
possible, for huge online data retrieval). Researchers also started to design and propose
a variety of efficient frameworks, implementation and compression techniques, e.g.
CitySAC by Siew and Kumar (2019)) and sharing procedures such as schema/standard
for the 3D-scale into the targeted application. CityGML is an example of the



international standard sharing schema (with LoDs) and the Spatial Data Infrastructure
(SDI) for each country’s operational framework (local schema).

Since different applications and users need specific details of data
representation, Sester (2007) suggested that different representations or different Level
of Details (LoDs) of the same reality have to be made available (with or without
explicit relationships between corresponding features at the adjacent LoDs). Thus,
there is a need to combine all LoDs into a single container called scale dimension.
Combining all LoDs into a systematic structure while minimizing redundancy,
supporting information retrieval from each level, reducing cost for
updating/maintenance and enabling data-sharing across domains will be the major

concern and focus for scale dimension.

Traditionally, 2D multi-scale datasets are stored independently without any
connection with other LoDs. This method has several drawbacks mainly on the
redundancy of storage (geometry, attribute and topology) and updating time/effort for
multiple detail layers on the same object. It slows the performance in utilising spatial
datasets as the time taken will get longer (more iteration of queries) either in the data
base or the GIS software, especially during visualisation and querying information.
Currently, scale dimension for the vector can be categorised into two main approaches:
multi-scale and vario-scale, while the raster data type has more than five popular

categories which will be discussed in the next chapter.

As for visualisation, the 2D viewer in the desktop-based software is still unable
to support multiple scale datasets (retrieval of other information) within a single view,
while updating works for a particular object is done manually for each LoD, either by
file-based or spatial database. The 2D-scale dataset does not have any relational
relationship (semantic) with other LoDs of the same viewed object for visualisation
purposes (except for the vario-scale implementation, which will be discussed in
Chapter 2). Thus, users could not retrieve other detailed information for geometry,
attribute and topology. On the other hand, the 2D online map (using any web map

service) has the capability to visualise the 2D-scale dataset, but only by using the on-



off layers (shows and hides all scale layers at a certain map scale ratio) technique

within certain zoom levels (in/out range).

1.2 Problem Statements

Applied definitions or terms of scale dimension might vary according to user’s
background, field of interests, needs, software use and system. The Scale-Space
Theory in Computer Vision (Lindeberg, 1994), the Scales and Cross-scale Dynamics
Dimension in social-ecological systems (Vervoort et al., 2012) and the Multi-scale
Fractal Dimension in pattern recognition and image analysis are some examples of the
scale theory and the need for a scale dimension in serving their working model or
profession. In geoscience, a new multi-scale method incorporating fine-scale
information to a coarse-scale equation (Aarnes et al., 2007) and multi-scale 3D

visualisation (Jones et al., 2009) have gained popularity since the past decade.

In modelling real-world objects, GIS also considers the scale dimension as a
very essential modelling aspect, especially in presenting the details of the spatial
objects. Different detailed spatial objects can either be 2D or 3D geometrical space,
highly needed by various professions and applications as a mapping-decision support
tool. In GIS theoretical perspective, scale can be considered as a non-spatial dimension
of an object/a group of objects presented in different viewpoints (Karim et al., 2016).
The viewpoint highly depends on the users’ professional background on how they see
and interprete the object details with respect to their needs. In general, the three main
classifications of detail elements in mapping are geometry, semantic/attribute and
topology. For example, different LoDs (viewpoints) in a 2D vector can either be with
or without the same details of geometry, or/and attribute, or/and topology or a mixed

combination of those three elements with respect to each domain’s needs.

These scenarios normally occur when an object/model is shared across
different domains and professions with multiple viewpoint details. Sometimes they
may happen within the same unit or department of an organisation depending on the

designated output information details, different formats, systems/software, and



developed applications. For example, a state or a national mapping agency with 3D
spatial data that can be modelled into 3 types of models suited for usage, user and
developed applications are CityModel (CityGML), Land Administration Domain
Model (LADM) and the 3D reality mesh model. All these models are represented in
their respective levels of details (LoDs). The definition and specification of each
LoD1, LoD2 and LoD3 representations in CityGML are different in LADM LoD
schema. They are also different in 3D mesh LoD1 (low resolution), LoD2 (medium

resolution), LoD3 and so forth.

The scenario described above is also supported by Talhofer et al. (2018) where
the vector thematic characteristics (e.g. attribute) are unlimited in numbers and it is
possible for each spatial object to own all the necessary thematic data while the vector
topological characteristics enable objects to connect with each other via simple to
complex topological networks in supporting different analysis including the shortest
and the fastest route. These topological networks have various levels, e.g. from the
simplest topology to complete topology as mentioned by Talhofer et al. (2018) for
each respective level, e.g. level 1 — Spaghetti, level 2 — Chain Note, level 3 — Planar
Graph and level 4 — Full Topology (with respect to further study). Specific attributes
and topology will also be big constraints for data- sharing between users. Thus, they

need to be standardised.

The current implementation frameworks for scale integration (newly discussed
term as dimension) within a spatial object, mostly at local and national levels either
use generalisation techniques or store the individual level of detailed data into
separated databases. An example is the United Kingdom Ordnance Survey and the
Malaysia National Mapping Agency (JUPEM) use a series of scale ratios to serve
several applications. Through this technique, 2D topographic data at predefined scales
such as 1:5,000, 25,000, 1:50,000 and 1:100,000 are stored in separated databases.
These data will be called within a single application (e.g. web-mapping portal) which
utilises the “on-off layer” technique as a result of users zooming in/out of the map
viewer which indirectly consuming higher machine resources such as memory, data

streaming (internet download), graphic rendering and low speed.



These recent years have shown an incremental trend on implementing 3D
spatial models as compared to past decades. As for the 3D model with multiple scale
representations, most countries have not yet engaged with such national LoD
specifications and schema. In the early stage of implementation, the Open Geospatial
Consortium (OGC) introduced international standards for 3D modelling, e.g. city
modelling using the CityGML schema (with four LoDs to represent a 3D building). It
is very essential for efforts in standardizing interchange formats, schema, LoD
details/requirements for the purpose of effective data-sharing between
organisations/domains and a clear direction for GIS software development. This
standard also indirectly speeds up research progress and implementation upon 3D
models for interested countries as pioneers in advanced mapping (better understanding
and accurate decision reflecting real-world phenomenon). However, several
drawbacks need to be understood and minimised, especially for creating and
maintaining the LoD dataset.

There are three major drawbacks for the existing methods serving multi-scale
data (implementation). A predefined scale undoubtedly produces storage redundancy
and “heavy” consumption on computer resources such as the Random-Access Memory
(RAM). RAM needs to read and store several pre-defined data at different scales and
on/off layer based on the zoom level within the visualisation application. Thirdly, this
approach causes a lot of upcoming problems such as difficulty in updating (needs more
work to update certain objects for every pre-defined scale layer), introducing more
errors during the updating process and not being able to preserve geometry
consistency/originality after a few times of updating the data (versioning). Thus, it
indirectly will be slowing down the data-sharing initiative by the agencies at state,

national or international levels.

These different detail level (LoD) specifications and requirements actually can
be varied based on the level of the GIS users, data owners and applications. It could
be implemented in several data formats, schemas and viewed in various viewers or
applications. However, some problems will arise especially in preserving the LoD for
attribute and topology, interchange format and supported application for sharing data

across domains and users. Local and international standards such as CityGML only



cover limited LoDs as compared to vast LoD details as required by each user. Thus,
several users stored most detailed data and engaged in generalisation techniques that
suit their operations. Generalisation is a technique to aggregate, simplify and
transmigrate from detailed data to a lower detailed level. The generalisation technique
is normally used to reduce storage and updating works for respective LoD data
(geometry, attribute and topology). The generalisation algorithms vary for 2D and 3D
spatial data based on priority performance, either to preserve geometry, topology or
semantics/attributes information. Many researchers embarked on this subject since
early 1990 for 2D (e.g. Binary Line Generalisation (BLG) and Reactive Tree by
Oosterom, 1990), and matured in recent years as described by Meijers (2011),
particularly in the vario-scale model research. The vario-scale model uses the 2D
smooth zoom mapping technique (using generalisation) in 2D scale dimension. As for
the 3D generalisation, it has become a research trend since early 2007, where several
promising techniques were introduced such as the Three-step Strategy by Baig et al.
(2013).

Generalisation reduces storage cost for 2D and 3D vector data, but consumes
the processing core (central processing unit, CPU) of the machine. However, it does
not overcome the existing drawbacks especially for updating (data maintenance) for
each LoD. Attribute and semantic information are also not affected by the
generalisation algorithm (except when using the Application Domain Extension,
ADE), which means there is no way to generalise the raw tabular information.
Updating the attribute of a certain LoD in generalisation is also not working as
perfectly as multi-scale data could have provided. Thus, there should be a general
solution to utilise the existing LoD data and systematically link with the viewer and

information such as the integration with a database.

On the other hand, the raster spatial data type also has the same problems in
managing the multi-scale raster. Multi-scale for raster is represented by different
resolutions upon an object for each layer. Unlike the vector spatial data type, the raster
data type does not have any topology, semantic and multiple attribute information.
Each spatial raster (pixel) only has a single parameter, for example elevation and

density, except for imagery (combination of Red, Green and Blue colours, RGB).



However, literature (Karim et al., 2019) shows that there is less research work and
implementation on this subject except to speed up the visualisation rendering by using
tiling, pyramid, compression and other methods. These techniques introduce more
raster layers (tiles of resolution levels) and mostly cause higher storage consumption,

data streaming, machine memory and graphic.

As a nutshell of problem statement, this research intends to discuss the
available solutions on scale dimension modelling for the vector (2D and 3D) and the
raster spatial data type with the intention to overcome the mentioned limitations
respectively. The research proposes new approaches for respective multi-scale datasets
(vector and raster) while utilising the existing structure and LoD of the spatial data.

The proposed solutions will be described in details in Chapter 3.

1.3 Research Questions

As discussed in the problem statement in Section 1.2, the main research
questions are listed below:
i.  What is the current status, limitations, requirements and major drawbacks of

the existing multi-scale spatial datasets management?

ii.  How to design better solutions for each vector (2D and 3D model) and raster
multi-scale datasets while preserving the users’ LoD in a single map viewer?

iii. How to test the solution with vector 2D dataset and 3D building models
(CityGML)?

iv.  How to test the performance of the proposed new approaches in the raster data
type?

1.4 Research Aim

This research aims to design new approaches for the efficient management of

each multi-scale data type (vector 2D, 3D and raster) to support cross-scale query in a
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single map viewer and single data layer (less details). The research investigates several
existing multi-scale datasets approaches and highlights several drawbacks, then
demonstrates the proposed solutions for each spatial data type and dimension.
Workability and performance based on results and cost-effective (workload,
manpower, and time taken for maintenance) are evaluated as well for the consumption

of hardware resources (RAM, GPU) during the query.

1.5  Research Objectives

Based on the research questions described in Section 1.3, the objectives are:
1. To review the current implementation and available solutions for

supporting multi-scale dataset management.

2. To design and develop new approaches vector (2D & 3D) and raster

technique for utilising existing multi-scale GIS datasets.

3. To demonstrate the workability of the multi-scale GIS data management

via a single layer map viewer concept.

1.6 Research Scope

The study utilises the existing multi-scale datasets for both the vector (2D and
3D) and the raster. The vector data comes from the 2D land use dataset and the 3D
CityGML (LoDO, LoD1, LoD2 and LoD3) from The Department of Survey and
Mapping Malaysia (JUPEM). On the other hand, the raster data comes from
orthophoto imagery and Digital Terrain Models (DTM) — sourced from Light
Detection and Ranging (LIDAR) from JUPEM. It covers a part of Selangor,
approximately 6.25 km2 in area. However, limitation on the availability of building
interior data as for LoD4 (indoor measurement of building) and others, indirectly will

constrain the scope of the research. Thus, this research only addresses the following
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aspects in spatial data management — processing time, updating workloads, and storage
consumption. Other aspects of 2D and 3D data management such as data structure and

new concept of LoDs (e.g. LoD2.5, 3.5, or beyond) are out of the scope.

The developed multi-scale information retrieving tool is only for the 2D raster
datasets using the Quantum GIS (GQIS viewer), while vector 2D and 3D CityGML
datasets are linked with the respective LoDs by using the introduced scale unique ID
in the attribute tables and the PostgreSQL database.

1.7  Significance of Study

This research contributes to the scale dimension domain by providing new
approaches on how to store and manage a series of existing multi-scale datasets
efficiently. The solutions are valid for both vector (2D and 3D) and 2D raster data
types. Most of the available solutions are in the vector domain and less in the raster
domain, but lead to redundancy in storage, maintenance workload and visualisation
performance. However, this study proposes a solution to utilise the current available
multi-scale data for both the vector (2D and 3D) and the raster. This contributes to
research and industrial (practitioner) domains such as mapping, agricultural, urban
planning application, hazard and others which have multiple accuracy and scale ratio
(e.g. land use data, satellite data and DTM) for sharing and are supported with a single
map viewer (layer). The proposed solution maintains the state-of-art of spatial data as
structured in the existing data owner/custodian; without forcing them to engage with
national or international standard LoD for data -sharing purposes. For the vector, only
minimum chances (one new attribute column) need to be added to engage with the

solution.

The study also attempts to prove that there is no single or complete solution
supporting the scale dimension but it varies accordingly to the nature of the industry
domain, users’ needs and spatial data types. It is due to different applications or users
that need different LoD, and their definition for the detailed level is not the same for

others. Thus, the study tries to tackle this scenario by proposing new approaches in
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managing the existing and available multi-scale data efficiently (update, utilise,
performance). It is an honor if this study later becomes a reference for future research
and an implementation guideline in the industry or for GIS practitioners dealing with

scale dataset.

1.8 Thesis Structure

This thesis is structured accordingly within 5 chapters. Chapter 1 delivers the
background to the study and research problems to be solved in both the vector and the
raster spatial scale dimension. Issues and the needs to conduct this study are
highlighted in the respective sections of the research questions, objectives, scopes and
significance of the study.

Chapter 2 describes in detail the available methods in supporting scale
dimension for both the vector and the raster datasets. Multi-scale (pre-defined level)
and vario-scale (generalisation) are examples of available scale dimensions in vector
form, while the pyramid, compression, resampling, mosaic and tiling/cataloging are
examples from raster. A comparison study is conducted to have a general overview on
the different benefits offered by each mentioned method, indicating their main focus
of the dataset and potential users. Several drawbacks are also highlighted to tackle the
remaining problems and the need for another general solution as a designing new

approaches on for both the vector (2D/3D) and the raster spatial data types.

In Chapter 3, the general concept on proposed new approaches are presented
for both the 2D-3D vector and the raster data types. Characteristics of the proposed
solution, the area focusing for improvement compared to the existing solution, and
advantages are described in this chapter. The main chapter content is the designs and
implements proposed solutions for respective existing multi-scale spatial datasets
(vector and raster) systematically to support a single map viewer. It allows readers to
comprehend scale dimension and differentiate these solutions from others as described
in the previous Chapter 2. For example, in the 3D vector, a conceptual framework is

proposed for implementation using the CityGML LoD and database integration which
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is the new contribution in scale data management. The chapter also describes methods

of measuring the performance of the proposed solutions.

Chapter 4 discusses the results and analyses the respective approaches. The
implementation and test are based on multi-scale vector (2D data and 3D CityGML
model) and raster data types. An example is the implementation of the 3D CityGML
model for the city model is based on the proposed best procedure in dealing with
multiple LoDs. Some discussions on the results tested in selected areas such as the 3D
city model and the performance are presented. Evaluation on raster extraction
(analysis) also discusses the two cross-scale information extraction analysis using the
line and polygon mask. Extraction (query) and update multi-scale vector data are also
discussed using the Postgres database. Lastly, the performance of the proposed

solutions as compared to the existing solution are presented, especially on the raster.

Finally, Chapter 5 is the conclusion of the study. Advantages and limitation are
discussed in the detail-based implementation of the study area and the hardware used.

Potential future research direction and interests are also identified and discussed.
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