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Abstract

In the long historical development of urban architecture is always diverse in terms of type, style, ~ Nhan 12.08.2018
and color. This is a major challenge for GIS researchers of 0-1-2-2.5-3-3.75-4D space. How can ~ Duoc duyét 02.09.2018
they perform residential buildings in a 2D computer screen? This great challenge is reflected in ~ Cong b6  20.09.2018
such aspects as shapes of buildings, storage of space of buildings, update the space of buildings,

and query the space of buildings. This article systematizes the related researches, classifies

existing GIS models, reviews and recommends the combination of spatial components for the

construction of residential buildings at the detailed level (LODs) in three-dimensional (3D)  Tu khoa

residential buildings,
combination of spatial
components, LODs,
IOLODs.

space, so receivable result is a GIS new data model, this new model is called IOLODs. The
paper installs experimental combinations of spatial components to become residential buildings.
This experimental setup is deployed on Oracle 11G and C#, resulting in a visual representation
of residential buildings at LODs in 3D space. The empirical results show that integrating spatial
components into the construction of residential buildings in new urban planning is a practical

and correct work.
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1 Introduction

The population has grown rapidly and especially the influx
of immigrants into big cities has increased, thus making
urban architecture more and more overloaded. Recognizing
this importance, the paper proposes spatial components to
building residential buildings in an urban area. The
combination of these spatial components in the construction
of residential buildings is a major challenge for space and
time GIS researchers. This great challenge is reflected in
the following aspects, the shape of the buildings is very rich
and diverse, the mode of storage of space of buildings, the
method of update the space of buildings and the space
query of buildings.

In order to build a high-rise building, we have to combine
spatial components such as Point (Ps), Line (Ls), Surface
(Ss), Triangle (Ts), and Body (BP and BCs). This article
uses the B-REP (Boundary Representations) method to
represent 0-1-2-2.5-3-3.75D objects based on predefined
elements, including: Ps, Ls, Ss, Ts, and BP and BCs. In it,
Lines can be straight line segments, arcs, or circles;
Surfaces can be flat polygons, faces made of circular arcs,

cone faces, or cylindrical faces; Body is the expansion of
faces, representing 3D blocks, and blocks that can be box,
cone, cylindrical, combination of these blocks or any block
[1, 2]. B-REP is suitable for space objects which have
usual, artificial, and scalar shapes.

The main idea of this article is a combination of space
components to construct of residential buildings located in
a metropolitan area in space at the detailed levels (LODSs).
Spatial components that include Ps, Ls, Ss, Ts, and BP and
BCs (solid, body or prism) are the basic components of the
3D geographical science space. The combination of these
components is aimed at minimizing spatial data storage to
assist in solving some of the problems of limited land fund
management.

The rest of this article is organized as follows. Section 2
carries out the systematization of related studies, leads to
the classification and comparison of models, leads to
comments, and leads to new proposals. Section 3 analyzes
and proposes spatial components for the integration into
residential buildings located in urban areas, and through
this analysis and aggregation we obtain the IOLODs model.
The IOLODs model is capable of answering users’
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questions about the space of buildings that are visualized at
different levels of details. Section 4 presents several
experiments to check the usefulness of combining spatial
components and the usefulness of the IOLODs model.
Section 5 presents the results and directions for future
development. The last part is the reference.

2 Overview of GIS data models

The construction of data models plays an important role in
the length of history of urban architecture development and
is a key in GIS applications of space and time. We
systematize the GIS data models by each type and make
some comparisons according to the most common criteria.
2.1 Systemizing GIS data models for each type of model

To represent well on spatial objects of 0-1-2-2-3-3.75-4D
with boundaries, the B-REP method is a good choice. This
method performs a 3D object based on predefined elements,
including: Point, Line, Surface, Solid, and this method is
suitable for representing 3D objects have normal and scalar
shape. The data models proposed by the authors from the
past to the present have applied the B-REP method, which
includes UDM spatial data model proposed by author Coors
in 2003 [3]; Cadastral 3D model proposed by group of
authors Yuan Ding and colleagues in 2017 [4]; The TUDM
model proposed by group of authors Anh N.G.T and
colleagues in 2012 [5]; The VRO-DLOD3D model was
proposed by group of authors Dang.P.V colleagues in 2017
[6]; The CityGML model was proposed by group of authors
Groger colleagues in 2007 [7]; group of authors Kolbe and
colleagues have expanded the CityGML model in 2009 [8];
group of authors Biljecki and his colleagues improved the
CityGML model by 2016 [9]; The group of authors
Dang.P.V and his colleagues proposed the ELDM model
for 2.5D objects in 2011 [10]; The group of authors Anh
N.G.T and colleagues proposed ELUDM for 2.5-3D objects
in 2011 [11]; group of author Lowner and colleagues
proposed a new LoD and multi-representational concept for
the CityGML model in 2016 [12]; The CityGML-
TRKBIS.BI model was proposed by group of authors
Aydar and colleagues to meet the need to establish 2-2.5-
3D objects at national level by 2016 [13].
To represent 3D objects with voxel elements such as pixels
in GIS 2D, the voxel method is a good choice. This method
performs a 3D object based on the idea of splitting an
object into child elements, each child element being called
a voxel [14]. An element is considered a geospatial and is
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assigned an integer [15]. The models proposed by the
authors from the past to the present have applied the voxel
method, including the 3D array model proposed by Rahman
in 2005 [1, 2]. The model has the simplest data structure
used to perform 3D objects. Elements in 3D array have one
of two values of 0 and 1. Where 0 describes the background
value, 1 describes the value that each element in the 3D
array is occupied by the 3D object. If a 3D object is
scanned in a 3D array that the elements of the array are
initialized to 0. After scanning on a 3D object, elements
with a value of 1 perform the information for the 3D object.
The Octree model proposed by Gorger and colleagues in
2004 [2][16]. Octree is an extension of the quadtree into the
octal tree. Octree representation is a 3D model based on
volume. Octal tree gives us the picture, this is a method
represented by the data structure tree. Generally, an octal
tree is defined based on a cube that contains the smallest 3D
objects needs performing. Original cube will be divided
into 8 cube offspring. An octal tree is based on the
decomposition of recursive algorithm follow. In the tree,
each node is node or leaf or 8 seedlings. Each seedling tree
will be checked before being divided into 8 different
seedlings tree.

To represent 3D objects by combining the basic 3D blocks
proposed by Rahman in 2008 [1, 2]. The CSG model
represents a 3D object by combining predefined 3D
elements. The basic 3D blocks use formal such as: cube,
cylinder, and sphere. The relationship between the figures
includes: transformation and the mathematical treatise
storage class. These transformations include translation,
rotation, allowed to measure change. The comment class
storages include union, intersect and except. CSG is often
used in CAD. CSG is very convenient in the calculation of
the volume of the object, and the CSG does not conform to
the performance for the objects have unusual geometric
shapes.

2.2 Table classification of models

Through the systematization and classification of GIS data
models in section 2.1 gives us a clear view of the evolution
of GIS data models proposed by the authors in the past to
present. We find that these models mainly use the B-REP
method. This method represents a 3D object based on
predefined elements, including: Point, Line, Surface, Solid,
and this method is suitable for representation 3D objects
which have normal and scalar shape. We make the table
classification GIS models as follows (table 1).
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Table 1 Classification of GIS data models

Type of model The names of models
UDM Model, 3D Cadastral Model, TUDM Model, VRO-DLOD3D Model,

B-REP CityGML Model, Improved the CityGML Model, ELUDM Model for 2.5D and 3D
objects, Multi-representational concept (MRC) for CityGML model, CityGML-
TRKBIS.BI model extending from CityGML model

VOXEL 3D Array Model, Octree Model

CSG CSG Model

2.3 Comparison table between models

To represent spatial objects (including residential buildings,
villas, apartments, etc.) in 3D space, modeling method is
the key to success. Criteria for modeling are models that
must be able to represent spatial objects in 3D space
according to the criteria of the external representation, the
inner representation, the representation of the levels of
details which also has the ability to store spatial data, store
time data, and store semantic data. In 2013, the group of
authors Gia.T.A.N. and associates [20] presented a
summary of the 3-4D GIS data models, in which this author
group proposed a summary of the criteria that each 3-4D

the author group T.Nguyen-Gia and colleagues [21]
brought out a brief survey of 3-4D GIS data models popular
today with comparative tables which were according to
characteristic criteria such as representation kinds of
surface, representation of the interior objects, ability to
triangularity, inability to triangularity, model foundation,
data storage size, and ability to apply for present
applications. Based on the criteria set forth by the two
author groups mentioned above which will be used as a
premise for this article, and through the systematization and
classification of GIS data models above, we compiled two
tables comparing the most common criteria between the

models to be the basis for future recommendations. In it,
table 2 compares the models according to the criteria:
exterior  representation, inner  representation, and
representation of detailed levels. Table 3 compares the
models according to the criteria: spatial, temporal,
semantic, and residential data storage.

GIS data model must satisfied. Those criteria including
representation of the surface of objects, representation of
the interior objects, representation of key elements,
representation of dimension of data, application to
applications, spatial data structure, spatial attribute queries,
object positioning queries, semantic queries. Then by 2017,

Table 2 Comparison between models according to the criteria: exterior representation, inner representation, and
representation of detailed levels.

The names of models Exterior representation Inner . Repregentatlon of
representation detailed levels
UDM Triangulation No No
3D Cadastral Triangulation Yes No
TUDM Triangulation Yes No
VRO-DLOD3D Triangulation Yes Yes
Improved the CityGML Triangulation Yes Yes
ELUDM for 2.5-3D Triangulation Yes Yes
wg;egreg?;zﬁrrl concept Triangulation Yes Yes
CityGML-TRKBIS.BI Triangulation Yes Yes
3D Array Yes No No
Octree Yes No No

Table 3 Comparison between models according to the criteria: spatial, temporal, and semantic data storage.

The names of models Spatial data storage Temporal data Semantic data
storage storage
UbDM Triangulation No No
3D Cadastral Yes No Yes
TUDM Yes Yes No
VRO-DLOD3D Triangulation No Yes
Improved the CityGML Yes No Yes
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The names of models Spatial data storage Temporal data Semantic data
storage storage

ELUDM for 2.5-3D Yes No No
Multi-representational  concept

(MRC) f?)r CityGML i Yes No Yes
CityGML-TRKBIS.BI Yes No Yes
3D Array No No No
Octree No No No

3 Proposing objects and developing an IOLODs
model

Through the systemization, classification, and comparison
the models in section 2, we found that the above models
mainly apply the B-REP. In general, these models focus on
the management and exploitation of spatial, temporal,
semantic, population objects and relationships. However,
the big challenge now is how to show inhabitant housing in
urban areas in more detail in the spatial components, from
there new managers have the opportunity to manage the
spatial objects at the level of detail to serve for the future
planning of urban development policies. From the above
challenges, we propose a combination of spatial
components to build residential buildings at levels of details
in 3D space.

Figure 1 Composite of spatial components at detailed levels

3.2 Building 10LODs data model

3.2.1 Proposing integration of spatial objects

The proposition of combining space components to form
residential buildings is a practical practice. Every spatial
object in a geographical science space such as Ps, Ls, Ss,
Ts, and BP and BCs, has a close relationship with each
other to form different levels of details. At the level of
detail used to observe and trace traces. Policy makers
develop urban architecture need to collect detailed
information of objects to serve the extraction, storage and
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3.1 Proposing objects

To build a high-rise building in a 3D geographical science
space, we need to have the following spatial components:
Point (Ps) is used to represent the object as a light bulb,
lightning rod lightning, etc. The line (Ls) is used to
represent the object is a flag pole, lamp post, fence,
balcony, etc. Surface (Ss) is used to represent objects such
as windows, doors (main or auxiliary), roofs, bricks,
balconies, etc. Triangle (Ts) is used to represent the object
windows, roof windows, canopy of the window, etc. Solid
(body, solid, and prism are abbreviated of BP and BCs)
used to represent the object is room, floor, balcony, roof,
etc. Example describes a high-rise building by combining
the proposed space components, see figures 1 and 2 below.

Figure 2 The process of processing basic space components
to incorporate residential buildings on a limited land fund

updating of spatial objects. In addition, users can observe
spatial objects at different levels of details and at different
looking angles to meet specific purposes. The objective of
the article is to build the IOLODs model (see figure 3) to
satisfy the criteria for representing residential buildings at
various levels of details to serve the management of urban
technical infrastructure. An illustration of the IOLODs
model for LODs, I0LODs represents the "SunnyBee" villa
displayed at five different levels of details (see table 4).
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Table 4 Representing the SunnyBee villa at five detailed levels and presents it to the database

Present the SunnyBee villa to the
LODs | Figure of the SunnyBee villa database
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3.2.2 Development of IOLODs data model
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Figure 3 IOLODs data model
From figure 3, we disassociate this IOLODs model into the following relations:
BODY (#IDB, DESC, HEIGHT, TYPESHAPE, ARRAYNODE)
SURFACE(#IDS, DESC, TYPESHAPE, ARRAYNODE)
LINE(#IDL, DESC, TYPESHAPE, ARRAYNODE)
POINT (#IDP, DESC, TYPESHAPE, ARRAYNODE)
TRIANGLE#IDT, DESC, TYPESHAPE, ARRAYNODE)

NODE(#IDN, X, Y, 2)

LOD(#IDLOD, NAME)
BODYLOD(#IDBP, #IDBC, #IDLOD)
SURFACELOD(#IDBP, #IDS, #|DLOD)
LINELOD(#IDBP, #IDL, #IDLOD)
POINTLOD(#IDBP, #IDP, #IDLOD)

TRIANGLELOD(#IDBP, #1DT, #|DLOD)

Notation: # is primary key.

3.2.3 Creating queries

The IOLODs data model is capable of querying spatial
objects at detailed levels. Hereafter we illustrate three
typical queries, which are a testimony to the objective
satisfaction of this paper.

Query 1: Finding and displaying the "SunnyBee" Villa, the
display information includes: the shape of the villa.

Query 2: Finding and displaying the "SunnyBee" Villa at
the given detailed levels LODs = x (x: 1, 2, 3, and 5), the
display information includes: the shape of villa at detail
levels LODs = x (x: 1, 2, 3, and 5).

Query 3: Finding and displaying the "SunnyBee" Villa at
the given detailed levels LODs = 4, the display information
includes: the shape of villa at detail levels LODs = 4.

4 Experiment

Through analyzes and recommendations in section 3, this
paper combines spatial components to represent spatial
residential buildings over space at different levels of details

to obtain a new data
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model. This new data model is called IOLODs (see figure
3). In this section, we use Oracle 11G to install the IOLODs
data model and use the Oracle spatial data type to store
spatial data, this type of spatial data makes the data display
time 3D buildings in the 3D geographical science space
became faster and combined with C# [17,18,19] to develop
applications that visualized spatial objects at different levels
of details. In it, we illustrate query 2 with the form
described by two parameters: input and output parameters.
Spatial and semantic data collected by this paper by manual
methods connotations entering data of spatial coordinates
and semantic by hand. Thus, the spatial and semantic data
components in this article are empirically simulated to
verify the usefulness of the proposed model (see figure 3).
Query 2: Finding and displaying the "SunnyBee" Villa at
the given detailed levels LODs = x (x: 1, 2, 3, and 5), the
display information includes: the shape of villa at detail
levels LODs = x (x: 1, 2, 3, and 5).

Input: Name of the "SunnyBee" villa and details levels
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LODs =x (x: 1, 2, 3, and 5). See figure 4, 5, 6, 7.

Output: Shape of the "SunnyBee" villa at the detailed levels

System . Tools #% Search

~ The relstionshipe
~ cLops

cLop

1 A villa is displayed levels of detail at level one.

Name

Zoom out/Zaom in

~ | The Participants
~ | The Blood Relatianships
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| Households and Relationships with Head of Household

&
7 system

v The relationships
~ clobs

CLoD

2

| The Participants
| The Blood Relationships.
~ Locations

~| Head of Household

! Hous

Tools ## Search

Name

A vill is displayed levels of detail at level two.

iseholds and Relationships with Head of Household

Figure 4 Show SunnyBee villa at level 1

Figure 5 Show SunnyBee villa at level 2
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Figure 6 Show SunnyBee villa at level 3

5 Conclusions

This paper has systematized, classified, and compared GIS
data models that have been proposed by several groups of
authors in the past. Through classification and comparison
GIS data models, we find that these models mainly use the
B-REP method; this method is well suited for the
representation of spatial objects which has a usual and
scalar shape. This paper proposes a combination of spatial
components to construct residential buildings at the detail
of levels in a 3D space that applied B-REP method which is
a suitable work and meaningful scientific. Since then, the
article has created a class of spaces to represent residential
buildings in the form of combinations of geometries such as
blocks, faces, lines, and points combined with layers of
different levels of details, receivable result is a GIS new
data model, this new model is called IOLODs. The

Figure 7 Show SunnyBee villa at level 5

I0LODs model is not only capable of supporting spatial
data storage but also capable of answering questions about
spatial object combinations at detailed levels. Finally, this
article has been the experimental result on query 2 on visual
representation of spatial objects at the levels of details of a
residential building. In addition, the 10LODs data model
needs to be developed to combine time subclass into
classifying objects along with relationships over time in 3D
geographical science space to serve multiple different
contexts.
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Pé xuit t6 hop cic hop phan khong gian dé xdy dung toa nha din cu tai cac mirc chi tiét trong
khéng gian 3 chiéu

Pham Van bang

Khoa Cong nghé thong tin, Pai hoc Nguyén T4t Thanh, thanh phé Ho Chi Minh, Viét Nam
pvdang@ntt.edu.vn, pvdang.tps@gmail.com

Tém tit Trong chiéu dai lich sir phat trién cua kién tric d6 thi luén luén da dang vé chang loai, kiéu dang, va mau sic. Pay
1a thach thirc 16n cho cac nha nghién ciru GIS khong gian 0-1-2-2.5-3-3.75-4D 1a 1am sao ho c6 thé biéu dién cic toa nha dan
cu & mot khu d thi vao trong may tinh man hinh 2 chiéu? Thach thirc 16n nay duoc thé hién ¢ cac khia canh nhu hinh dang
céc toa nha, luu trit khong gian cac toa nha, cap nhat khong gian toa nha, va truy van khong gian cac toa nha. Bai bao nay
thuc hién hé thong hoa cac cong trinh nghién ciru lién quan, phan loai cic mé hinh GIS hién c6, dua ra cac nhan xét, va dé
Xuét viéc tich hop cac hop phan khong gian dé xay dung toa nha dan cu tai cic mirc chi tiét trong khong gian 3 chicu. Két
qua nhan dugc la mét mé hinh dir liéu GIS mégi. M6 hinh m&i nay ¢6 tén la IOLODs. Bai bao cai dat thuc nghiém td hop céac
hop phan khong gian dé tro thanh toa nha dan cu. Viée cai dat thuc nghiém nay duoc trién khai trén Oracle 11G va C#, cac
két qua co duoc 1a hién thi truc quan cac toa nha dan cu tai cac muc chi tiét trong khong gian 3 chiéu. Qua cac két qua thyuc
nghiém, chiing ta thiy dugc viée tich hop cac hop phin khong gian vao xay dung cac toa nha dan cu trong quy hoach dé thi
méi 1a mot viéc lam thiét thuc va ding dan.

Tir khéa toa nha déan cu, to hop cac hop phan khong gian, cac mirc chi tiét, mo hinh IOLODs
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