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Abstract. Managing construction projects in new urban areas is an essential
work for construction contractors as well as authorities at all levels. In this
management, managing the spatial evolutionary history of two-dimensional
(2D), two-point-five-dimensional (2.5D) and three-dimensional (3D) spatial
objects over time and semantics in 3D geographical space is an urgent and
extremely important work. This paper proposes a spatial - temporal - semantic
data model (STSDM), spatial queries over time and semantics, and algorithms
finding the ancestors and descendants of space objects (ASA and DSA). The
paper presents some empirical results about the spatial evolutionary history of
spatial objects over time and semantics. The experimental results show that it
can completely be used to trace the space evolution history of bridges, houses
and apartments at a given time or in a given period in new urban management
applications.

Keywords: Spatial - temporal - semantic data model -+ STSDM - Spatial
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1 Introduction

In urban management, especially the management of traces of spatial evolution history
of 2D, 2.5D and 3D space objects of constructions in new urban areas is an important
and necessary work. In aspects of construction techniques performed by humans, we
can sometimes meet with risks as when they were being constructed, they collapsed. In
aspects of nature, we can sometimes meet with risks caused by natural disasters such as
earthquakes, tsunamis or storms causing space objects to disappear. Therefore, in
aspects of managing risks and tracing the spatial evolution history of 2D, 2.5D and 3D
spatial objects in new urban areas that is an essential work not only for the construction
contractors but also authorities at all levels in managing new urban areas of smart.
When constructing bridges spanning rivers, buildings, smart houses, etc., keeping
traces of the current history at different times of construction is an important work for
building contractors. This work is aimed at helping construction contractors the
opportunity to trace the spatial evolution history of 2D, 2.5D, 3D space objects as
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evidence to support the calculation of labors, construction materials as well as time to
complete construction items. The management of spatial and genealogy variations of
spatial features in construction items is essential for contractors. They can observe in
detail the construction items change over time. From there they will make timely
adjustments when a project goes into operation. Therefore, people can avoid short-
comings and risks during construction.

Currently, the situation of urbanization is happening quickly and complicatedly.
Therefore, an information system that manages the development in the field of con-
struction becomes even more urgent and necessary. This system not only helps con-
struction contractors to closely monitor their construction progress but also assists
policymakers to develop new urban in the future. The management focus on methods
of storing spatial data, searching and enumerating of construction items according to
construction history is very important. Semantics is an essential element of a man-
agement information system. The semantic class plays an important role in saving the
meaning of each attribute in the space object. Based on this factor, users can understand
the types of objects in space. What is the name of the space object? What are its
attributes? What properties does it reflect in space objects? Who managed, who owned
and who maintained?

Time is essential factor embedded in management information systems. In life,
humans always have different relationships (Fig. 1) such as blood relationships, social
relationships, previous conviction relationships, previous offence relationships,
born/death relationships, etc. These relationships lead to the importance of the spatial
and temporal classes and have formed object — space - time relationships [1-3]. The
time class plays an important role in saving the spatial change history of object — space
- time relationships. Based on the element of time, we can extract history of these
relationships to serve different fields of careers. The time element in a paper can
represent the history of spatial change occurring at a specified time point or interval.

Blood relationships ‘

‘ Social relationships ‘ ‘

Relations

‘ Previous conviction relationships

Previ ffence relationshi .
evious offence relationships ‘ Relations

Time«» ‘

‘ Born/Death relationships ‘

4
]

Space

Fig. 1. Expressions of non - temporal relationships, relationships with time and space elements

The objective of this paper is to propose three classes such as spatial, temporal, and
semantic classes to construct spatial - temporal - semantic data model (STSDM) for
managing spatial evolution history and genealogy of 2D, 2.5D and 3D spatial objects in
the new urban area. This new model has the ability to manage and potentially query
space over time and semantics, and algorithms finding the ancestors and descendants of
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space objects. Experimental results simulating the history of spatial evolution and
genealogy of spatial objects show that they can be applied to specific applications in the
management of construction works in the future.

The remainder of this paper is presented as follows: Part 2 briefly presents the
relevant research works, makes comments and encloses new proposals for the appli-
cation of construction works in new urban areas. Part 3 proposes the STSDM and
proceeds to build spatial class, time class, semantic class, algorithms to find genealogy
of 3D space objects, and construct spatial and temporal queries. Part 4 presents
empirical results simulating the history of space evolution and genealogy of space
objects. Part 5 is the conclusion section and suggestion development for future paper.
Finally, that is the material reference section.

2 Related Works

Building spatial - temporal - semantic data models plays an important role in tracking
the spatial change history of houses, apartments, bridges as well as tracing the length of
development history of urban architectures is the key to supporting GIS applications 2-
2.5-3-4D time. This paper systematizes data models by type and makes some com-
ments as a premise for a new proposal.

2.1 Overview of Data Model Types

For good representation of 2D, 2.5D and 3D spatial objects with boundaries, the
boundary representation method (B-REP) is the most suitable choice. This method
represents 3D objects based on predefined elements, including: point, line, surface,
solid and this method is suitable for representing 2-2.5-3D objects have regular and
scalar shapes. The data models were proposed by the authors from the past to the
present that have applied the B-REP method include: The UDM spatial data model was
proposed by Coors in 2003 [4]; 3D Cadastral model was proposed by Yuan Ding
authors group and his colleagues in 2017 [5]; TUDM model proposed by Anh N.G.T
authors group and his colleagues in 2012 [6]; VRO-DLOD3D model was proposed by
Dang P.V authors group and his colleagues in 2017 [7]; CityGML model was proposed
by Groger authors group and his colleagues in 2007 [8]; Kolbe authors group and his
colleagues expanded CityGML model in 2009 [9]; Biljecki authors group and his
colleagues improved CityGML model in 2016 [10]; Dang P.V authors group and his
colleagues proposed ELUDM model for 2.5D objects in 2011 [11]; Anh N.G.T authors
group and his colleagues proposed ELUDM model for 2.5D objects in 2011 [12];
Lowner authors group and his colleagues proposed a new LoD and multi-
representational concept for CityGML model in 2016 [13]; CityGML-TRKBIS.BI
model Aydar authors group and his colleagues to meet the need to establish 2-2.5-3D
objects at the national level in 2016 [14]; TLODs model was proposed by Dang P.V
authors group and his colleagues [15].

To represent 3D objects with voxel elements such as pixels in 2D GIS, the voxel
method is the most suitable choice. This method represents a 3D object based on the
idea of splitting an object into child elements, each of which is called a voxel [16].
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An element is referred to as a 3D geospatial and is assigned by an integer [17]. Models
proposed by the authors in the past that have applied the voxel method include the 3D
Array model proposed by Rahman [18, 19]. The model has the simplest data structure
used to represent 3D objects. Elements in 3D Array have one of two values 0 and 1. In
which 0 describes the base 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 initially
initialized with a value of 0. After scanning the 3D object, the elements with a value of
1 represent the information for the 3D object. Octree model was proposed by Gorger
authors group and his colleagues in 2004 [20]. Octree is an extension of a tetrahedral
tree to an octal. Octree is a 3D representation model based on a block platform. The
octal tree gives us an image, which is a method represented by a tree data structure. In
general, an octal tree is defined based on the smallest cube containing the 3D object to
be represented. The original cube will be divided into 8 sub cubes. An octal tree is
based on decomposition according to the recursive algorithm. In a tree, each node
either leaves or has 8 seedlings. Each seedling will be tested before being divided into 8
other seedlings.

To represent 3D objects in 3D geographical space, we use the combination of basic
3D blocks proposed by Rahman in 2008 is the best choice [18]. CSG model represents
3D objects by combining predefined 3D elements. Basic 3D blocks are often used as
cube, cylinder and sphere. The relationships between these figures include: transfor-
mations and logical operands. The transformations include translations, rotations, and
degrees. Logical operands include union, intersection, and difference. CSG is often
used in CAD and CSG is very convenient in calculating the volume of objects, CSG is
not suitable for representing objects with irregular geometric shapes.

2.2 Comment and Recommendation Data Models

Through analysis of the above data model types, it is given us a clear view of the
developmental history process of data models proposed by the authors groups. We
found that these models mainly use the B-REP method, which represents 2-2.5-3D
objects based on predefined elements including: point, line, surface, solid. Therefore,
this method is suitable for representing 2-2.5-3D objects of regular and scalar shapes.

To represent spatial objects including bridges, residential houses, villas, etc. in 3D
geographical space, the application of modeling is the key to success. The criteria to
consider models are models that must be able to represent spatial objects in 3D geo-
graphical space include the criteria representing outside surface, the criteria repre-
senting inside surface, the criteria representing the level of detail but must also be able
to store spatial data, time data, and semantic data. In 2013, T.A.N.Gia authors group
and his colleagues [21] presented a summary of GIS 3-4D data models, in which this
authors group has proposed a presentation that summarizes the criteria that each GIS
3-4D data model must satisfy. Those criteria include surface representation of objects,
inside surface representation of objects, representation of main elements, representation
of data size applying to applications, spatial data structure, spatial attribute queries,
spatial object location queries, semantic queries. After that in 2017, T.A.Nguyen-Gia
authors group and his colleagues [22] gave a brief survey of the current popular 3-4D
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GIS data models with comparison tables by typical criteria such as representation of
surface types, inside surface representation of objects, triangulation capability, trian-
gulation incapability, model platforms, data storage dimensions, and applicability to
existing applications now.

Through the systematization and classification of data models and based on the
criteria proposed by the authors mentioned above as a premise for this paper to propose
the construction of the STSDM to manage spatial evolutionary history, we found that
the above models mainly applied B-REP method. In general, these models focus on
managing and exploiting spatial, time and relationships objects. However, a major
challenge now is how to represent residential houses in urban areas in more detail in the
spatial evolutionary history of 2D, 2.5D and 3D space objects, from there the managers
have the opportunity to manage spatial objects according to spatial evolutionary history
to serve in the planning of future urban development policies. From these challenges,
we propose constructing a STSDM to manage spatial evolutionary history and find the
genealogy of bridges and residential buildings in new urban areas in 3D geographical
space.

3 Spatial — Temporal — Semantic Data Model

3.1 Time Class

Time is an essential element of an information system that manages construction items.
The time class plays an important role in tracking the spatial variation of objects in
space. Based on the time element, people can intervene in time to resolve urgent issues
and recognize the situation more clearly. The time element in the paper can represent
spatial changes that occur at a time point or a given time segment. In order to manage
spatial objects according to time and semantics which had studies suggesting three
types of time data as shown in Table 1 [15, 23]. The time element is attached to spatial
data, which makes the stored data more abundant and more meaningful to use. Hap-
pened events are causes of the spatial changes of objects that also presented in this

Table 1. Detailed description of time data types

No | Time data Meaning describes the time data types
type
1 Event time Event time is the time that begins to occur and ends in the real world.
(ETy) There is day — month — year - hour: minute: second beginning to
occur and day — month — year - hour: minute: second ending in the
real world
2 Legal time Legal time is the effective time on legal documents. There is day —
(LTy) month — year - hour: minute: second beginning to occur and day —
month — year - hour: minute: second ending in documents
3 Database time Database time is the time to write to the database. There is day —
(DTy) month — year - hour: minute: second beginning to occur and day —
month — year - hour: minute: second ending in database
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paper. Time is used to trace the beginning and ending history of an object in space.
Time is divided into three specific time data types (see Table 1) having nine-time data
units located on the time axis (see Fig. 2) with the convention in Table 2. In the nine-
time data units described in Table 2, people are mainly interested in the four-time data
units as Ty, T3, Ts and Tg. From the nine-time data units we form the time topology
relations in Tables 3, 4 and 5 as follows (Figs. 3, 4, 5 and 6).

Table 2. The table describes nine - time data units

No | Convention | Meaning describes the time data types

1 |Ty The start time of the object in the real world

2 T, The end time of the object in the real world

3 |Ts The time people start the owner or manager of the object

4 | Ty The time people end the owner or manager of the object

5 |Ts The time people start to maintain the object according to regulations
6 |Tg The time people end to maintain the object according to regulations
7 Ty Time people maintain the object periodically

8 | Ts The time people start to write objects to the database

9 | Ty The time people end to write objects to the database

Table 3. The table classifies time data units into time data types

No | Convention | Meaning describes the time data types

The event time type consists of two - time data units:

1 |T The start time of the object in the real world

2 T, The end time of the object in the real world

The legal time type consists of five - time data units:

3 |Ts The time people start the owner or manager of the object

4 | T, The time people end the owner or manager of the object

5 |Ts The time people start to maintain the object according to regulations
6 |Ts The time people end to maintain the object according to regulations
7 | T, Time people maintain the object periodically

The database time type consists of two - time data units:
8 |Tg The time people start to write objects to the database
9 | Ty The time people end to write objects to the database
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Table 4. The table describes the relationship before and after between time data units

No |Relationship | Meaning describes the relationship before and after

1 T, < T, T, is a unit of time beginning to occur with space objects in real world
earlier than the end time unit of the space objects in real world (T5)

2 T, <T; T, is a unit of time beginning to occur with space objects in real world
earlier than the time when people start the owner or manager of the
space objects according to regulations (T3)

3 T, <Ty T, is a unit of time beginning to occur with space objects in real world
earlier than the time when people end the owner or manager of the
space objects according to regulations (Ty4)

4 T, <Ts T, is a unit of time occurring in the real world earlier than the start time
maintaining of space objects according to regulations (T's)

5 T, < Teg T is a unit of time occurring in the real world earlier than the start time
maintaining of space objects according to regulations (T¢)

6 T, < T, T, is a unit of time occurring in the real world earlier than the time
maintaining of spatial objects periodically (T-)

7 T, < Ty T is a unit of time occurring in the real world earlier than the start time
recording the change of spatial objects into database (Tg)

8 T, < Ty T, is a unit of time occurring in the real world earlier than the end time
recording the change of spatial objects into database (To)

9 Ts < Tg Ts is a unit of start time maintaining space objects according to
regulations earlier than the unit of time maintaining space objects to
regulations (T¢)

10 Te < Ty T; is a unit time maintaining space objects periodically later than the
end time unit maintaining space objects to regulations (Te)

11 Tg < Ts Tg is a unit of time recording the database earlier than the time unit
maintaining on legal documents (Ts)

12 Tg < To Ty is a unit of end time recording the changes of space objects into the
database later than the start time recording the changes of space objects
into the database (Tyg)

Table 5. Table describes the overlapping relationship between time data units

No |Relationship | Meaning describes the overlapping relationship

1 T, =Tg T, is a unit of time occurring in real world overlapping with the time
recording into database (Tg)

2 T, =Ts T is a unit of time occurring in real world overlapping with the time
maintaining on legal documents (T's)

3 Tg =Ts Tg is a unit of time recording into database overlapping the time

maintaining on legal documents (Ts)
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3.2 Semantic Class

Semantic data is integrated into spatial and temporal objects to express the meaning of
using objects. Semantics are attributes that contain phrases used to explain a phe-
nomenon, a thing, an event, a happening occurred on space and time objects. For
example, when we say the type of time is the type of event time, so must be accom-
panied by semantic attributes to explain the type of event time is like? When we say the
object, we have to explain what kind of object it is? What is this object’s name? What
geographical region does this object belong to? Who is the owner, who is the manager
or the maintainer? The semantic attribute is also used to explain what causes an object
to change in space. What makes objects lose in the real world as well as in database.

3.3 Combine Spatial, Temporal and Semantic Class into STSDM

After combining three spatial - temporal - semantic class and then becoming a spatial -
temporal - semantic data model and called spatial - temporal - semantic data model
(STSDM). STSDM has the ability to store and manage 2D, 2.5D and 3D spatial objects
in time and semantics and is illustrated by the spatial, temporal and semantic data sets
shown in the section of experimental result. In addition, STSDM also has the ability to
query space over time, has the ability to query space by semantics, has the ability to
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query space by time and semantics, and can find ancestors and children grandchildren
of space objects and especially the history of space evolution is applied to specific
spatial objects such as bridges that are 2-2.5D objects and apartments are 3D objects
located on new urban areas.

Entity group belongs to space class. To answer which space object is located on?
We have the following entities: there are 6 main entities Point, Line, Surface, Sur-
facetype, Body, Bodytype and there are 2 sub entities Node, Face. Entity group belongs
to time class. To answer what kind of time those space objects born and lost belong to?
At what time or period that object was it born and lost? We have the following entities:
Stypetime, Timeunits, Tymdhms, Times. Entity group belongs to semantic class. To
answer what is the type of object? And what is the name of object? We have the
following entities: Objectstype and SObjects. To answer how is that object? Which
geographical region does that object belong to? Who is the owner of that object? Who
is the manager or maintainer? What event causes the object to change? We have the
following entities: Owners, RegionaS, RegionbS, RegioncS, Eventstype, Events. To
answer what is the semantics of each attribute in that space object? We have entities
attributes. Below, this is a summary of the relations for the STSDM model and shows
the size of a record for each relation that we have decomposed the STSDM model (see
Fig. 7) into relations in Table 6.
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Table 6. Decomposing the STSDM into the relations

No | Relations name | Bytes | No | Relations name | Bytes | No | Relations name | Bytes
1 | Stypetimes 70 | 18 | Surparchil 40 |35 |Rcbt 68
2 | Timeunits 60 |19 |Lineparchil 60 |36 |Rest 58
3 | Tymdhms 80 |20 | Pointparchil 48 |37 | Rclt 35
4 | Times 30 |21 | Objectstype 48 |38 | Rept 40
5 | Node 30 |22 | Objects 86 |39 | Ebt 50
6 | Point 30 |23 | Owners 76 |40 |Est 20
7 |Line 34 |24 | Objow 66 |41 |Elt 69
8 | Linenode 20 |25 | Obja 50 |42 |Ept 64
9 | Face 28 |26 | Obje 40 |43 | Attributes 62
10 | Facenode 28 |27 |Obt 50 |44 | Regionas 69
11 | Surfacetype 28 |28 | Ost 58 |45 | Regionbs 67
12 | Surface 20 |29 |Olt 60 |46 | Regioncs 75
13 | Surfaceface 58 |30 |Opt 48 |47 | Obrea 48
14 | Bodytype 54 |31 | Abt 38 |48 | Obreb 34
15 | Body 78 |32 | Ast 58 |49 | Obrec 57
16 | Bodyface 92 |33 |Alt 64 |50 | Eventstype 50
17 | Bodyparchil 69 |34 | Apt 50 |51 |Events 48
Sum of bytes: 809 | Sum of bytes: 940 | Sum of bytes: 914

3.4 Building Some Spatial Queries Over Time and Semantics

Through the analysis and combinations of the above classes, STSDM has query
abilities, has ability to find ancestors and ability find descendants with a variety of
criteria to help construction contractors as well as government levels seize opportu-
nities, promptly handle incidents occurring during the construction process, carry out
completion plans and carry out traces of spatial evolutionary history of 2D, 2.5D and
3D objects. These capabilities are expressed through queries and two algorithms for
finding ancestors and finding descendants that we described and implemented by
experiments on Oracle 11G database management system and the C# programming
language [24-26], the empirical results show that they are completely practical and can
be applied to 3D GIS systems to manage construction works in new urban areas for
practical implementation.

Query 1: Find and display the spatial evolutionary history of the construction process
of the bridge “Phu My” over time and semantics. The periods of construction of the
“Phu My” bridge are as follows: [Sep 02, 2005 € T, - Dec 08, 2005 € T,] (Fig. 8);
[Dec 30, 2006 € T, - May 01, 2008 € T,] (Fig. 9); [Dec 30, 2007 € T, - Feb 2, 2009 €
T,] (Fig. 10); [Sep 02, 2005 € T; — Sep 02, 2009 € T,] (Fig. 11) and is the type of ET;

Query 2: Find and display houses owned by Ms. Pham Thao Nguyen during the
period [Sep 8, 1998 € T - Jun 12, 2008 € T4] and is the type of LT,.
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Query 3: Find and display the space of houses according to each event and time
period: (Planning, [Sep 8, 1998 € Tg - June 12, 2012 € Ty]); (Storms, [Sep 8, 1998 €
Tg - June 12, 2012 € Ty]); (Landslide, [Sep 8, 1998 € Tg — June 12, 2016 € To]) and is
the type of DT;.

Query 4: Find and display houses by time points, houses built during the years: 1985
€ Tg; 1990 € Tg; 1994 € Ty; 1998 € Ty; 2010 € Tg; 2016 € Tg; 2018 € Ty and is the
type of DT,.

Query 5: Find and display the bridge space “Can Tho” before Sep 26, 2007 € T; had
an accident and is the type of ET.

Query 6: Find and display the bridge space “Can Tho” after the period of time [Sep
26, 2007 € T;- Aug 25, 2008 € T,] had an accident and is the type of ETi.

Query 7: Find and display the bridge space “Phu My” was built in the period from
Sep 2, 2005 € Tg to Sep 2, 2009 € Ty and according to the event “Planning” and is the
type of DT,.

Query 8: Find the ancestor of the house with the code “B172”. Applying the ASA and
DSA algorithms to find the ancestors below, the found result is the order of generations
for each generation of house “B172” in Table 7.

Query 9: Find descendants of the house with code “B8” (Fig. 15 and 16). Applying
the ASA and DSA algorithms to find descendants below, the found result is the order of
genealogy for each generation of house “B8” in Table 8.

Table 7. List the orders of the generations of the house “B172”

Input Data Output Data (The found result is the ancestral house of the house
having the code “B172".)
“B172” Ancestral generation S(si, generation) | B171

(In generation 6) Ancestral generation 4 generation) | B169

Ancestral generation 3314 generation) | B163, B166, B167

Ancestral generation 2ond generationy | B161, B162, B163

Ancestral generation s generationy | B1, B2, B3, B4, B5, B6, B7, B8

Table 8. List the orders of the generations of the house “B8”

Input Data Output Data (The found result is the descendant house of the
house having the code “B8”)

“B8” Descendants of generation 2nq generation) | B163
(In generation 1) Descendants of generation 3(sq generation) | B167, B168
Descendants of generation 4, generationy | B170

Descendants of generation 5¢sy generationy | B171
Descendants of generation 66 generationy | B172, B173, B170

Descendants of generation 77 generation) | B174
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3.5 Designing Algorithms Find Ancestors and Descendants (ASA

and DSA)
e ASA (Ancestors Search Algorithm)
Create the tblAncestors table to contain ancestors
Global declaration: i=0, j=0, gcount=0, arrAncestors, arrParDirect, arrParAll
Input : bodychild
Output : arrAncestors
01: Function AncestorsSearch (bodychild) return arrAncestors
02: Is
03: cstop Exception;
04: Cursor nCur(parameters are bodychild) is query ancestorbody;
05: Begin
06: Open nCur(bodychild);
07: Get the ancestral body of some generation from nCur;
08: While nCur data discovery
09: Loop
10: arrParAll(i):= bodyparent;
11: arrParDirect(j):= bodyparent;
12: Increase the index i of the arrParAll array to one unit;
13: Increase the index j of the arrParDirect array to one unit;
14: Get the ancestral body of some generation from nCur;
15: End loop;
16: Count the gcount generation to one unit;
17: If discovered out of data arrParDirect Then
18: raise cstop;
19: End if;
20: for direct in 1..arrParDirect
21: Loop
22: tblAncestors < arrParDirect(direct);
23: return AncestorsSearch(bodychild);
24: End loop;
25: return arrParDirect;
26: Exception when cstop then
27: return arrParAll;
28: End function;
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o DSA (Descendants Search Algorithm)

Create the tblDescendants table to contain descendants

Global declaration: i=0, j=0, gcount=0, arrDescendants, arrChildDirect, arrChildAll
Input : bodyparent

Output : arrDescendants

01: Function DescendantsSearch(bodyparent) return arrDescendants
02: Is

03: cstop Exception;

04: Cursor nCur(parameters are body parents) Is query descendantsbody;
05: Begin

06: Open nCur(bodyparent);

07: Get the the descendant of some generation from nCur;

08: While nCur data discovery

09: Loop

10: arrChildAll(i):= bodychild,

11: arrChildDirect(j):= bodychild;

12: Increase the index i of the arrChildAll array to one unit;
13: Increase the index j of the arrChildDirect array to one unit;
14: Get the descendant body of some generation from nCur;
15:  End loop;

16: Count the gcount generation to one unit;
17: If discovered out of data arrChildDirect Then

18: Raise cstop;

19: Endif;

20: For direct In 1..arrChildDirect

21: Loop

22: tblDescendants <= arrChildDirect(direct);
23: return DescendantsSearch(bodyparent);
24:  End loop;

25: return arrChildDirect;

26: Exception when cstop then

27: return arrChildAll;

28: End function;

4 Experiment

In this section, we perform installation the STSDM in Oracle 11G and combine with
C# programming language [24-26] to represent the spatial change history of the 2D,
2.5D and 3D spatial objects in 3D geographical space through the use of queries and
the two ancestral and descendant search algorithms presented above (ASA and DSA).
Empirical results show this STSDM is capable of answering questions related to the
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topic of managing the evolutionary history of spatial objects in 3D geographical space.
The queries require the user to provide input parameters, output parameters are the
results of the spatial evolutionary history and the semantics of spatial objects. Here are
some empirical results obtained from the execution of queries and two algorithms for

finding ancestors and descendants.

4.1 Query Spatial Evolutionary History Over Time and Semantics

of Object 2-2.5D

Experiment 1: Apply to query 1 above to find and display the spatial evolution
history of the bridge construction process “Phu My” at given intervals and semantics.
We get the result shown in Fig. §, 9, 10 and 11.

e Input: The bridge “Phu My” and the periods [Sep 2, 2005 € T; — Dec 08, 2005 €
T,]; [Dec 30, 2006 € T, - May 01, 2008 € T,]; [Dec 30, 2007 € T, - Feb 2, 2009 €
T,]; [Sep 02, 2005 € T,- Sep 02, 2009 € T,] and is the type of € ETi.

e Output: Image of bridge and semantic description of the bridge.

7\ System , Tools #% Search
~ Types of the spatial objects
Name Description

Cable-stayed bridge. fan-style New type cable bridge

~ Objects
Name Length Width Height Description
Phu My bridge More than 2000 m (excluding paths) 27,5m 1625 m To across the Saigon River
~ Temporal Types
Temporal Types Semantic

~ Time for building

Start time/End time Deseription
2/9/2009-0:0:0 End Time to build Phu My Bridge.
9/9/2005-0:0:0 Start

the Saigon River

Time to build Phu My Bridge, crossing the Saigon River
~ Building period
Start time End time
02/09/2005 08/12/2005
~ Temporal points for bullding
~ Time of owner or manager
~ Owner or manager
Ho tén Owner or Manager Address Telephone Email
Phan Hong Minh Manager HeM 0903.762839  pxtruong@gmail.com
~ Province or City under central authority
Name of province or city under central authority Description

City under central authority

ct|Te Description

District 2

District 7

~ Information about Ward; Commune; Town
Name of Ward | Commune | Town Description
Thach My Loi Ward

District 2 - HCM (Phu My Bridge)
District 7 - HCM (Phu My Bridge)
District 7 - HCM (Phu My Bridge)

Event time Event time Is time of start of formation and end of loss in the real world (with month-

Fig. 8. Display semantics and image of bridge with construction time [Sep 2, 2005 € T, — Dec

8, 2005 € T,] € ET,.
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) System , Tools #% Search
~ Types of the spatial objects

Name Description
Cable-stayed bridge, fan-style New type cable bridge
~ Objects
Name Length Width  Height Description

~ Temporal Types
Temporal Types

Event time

Semantic

~ Time for building
Start time/End time
2/9/2009-0:0:0 End
9/9/2005.0:0:0 Start
~ Building period
Start time

Description

End time
30/12/2006
~ Temporal points for building
~ Time of owner or manager
~ Owner or manager
Ho tén Owner or Manager  Address
Phan Hong Minh  Manager HeM
~ Province or City under central authority

01/05/2008

Telephone Email
0903.762839  pxtruong@gmail.com

Event time is time of start of formation and end of loss in the real world (with month

Time to build Phu My Bridge, crossing the Saigon River
Time to build Phu My Bridge, crossing the Saigon River

Phu My bridge  More than 2000 m (excluding paths) 27,5m 162,5m To across the Saigon River

Name of province or city under central authority Description
Ho Chi Minh City City under central authority
~ Provincial cities; District; Town: District

Name of city under the province|District[Town| District Description
District 2
District 7
~ Information about Ward; Commune; Town

Name of Ward | Commune | Town Description

Thach My Loi Ward
Tan Thuan Dong Ward
Phu Thuan Ward

District 2 - HCM (Phu My Bridge)
District 7 - HCM (Phu My Bridge)
District 7 - HCM (Phu My Bridge)

[ contros
X i
¥ Avis
T

Zoom /+

Fig. 9. Display semantics and image of bridge with construction time [Dec 30, 2006 € T, - May

01, 2008 € T,] € ET,.

~ Temporal Types
Temporal Types

Event time

Semantic

~ Time for building

Start time/End time
2/9/2009-0:0:0 End
9/9/2005-0:0:0 Start

Description
Time to build Phu My Bridge. crossing the Saigon River
Time to build Phu My Bridge, crossing the Saigon River

Phu My bridge More than 2000 m (excluding paths) 27,5m  162,5m To across the Saigon River

Event time is time of start of formation and end of loss in the real world (with month

~ Building period
Start time End time
30/12/2007 02/02/2009
~ Temporal points for building
~ Time of owner or manager
~ Owner or manager
Ho tén Owner or Manager  Address Telephone Email
Phan Hong Minh  Manager HCM 0903.762839  pxtruong@gmail.com
~ Province or City under central authority
Name of province or city under central authority Description

Ho Chi Minh City

~ Provincial cities; District; Town: istrict
Name of city under

District 2

District 7

~ Information about Ward; Commune; Town

Name of Ward | Commune | Town

Thach My Loi Ward

Tan Thuan Dong Ward

Phu Thuan Ward

City under central authority

Description
District 2 - HCM (Phu My Bridge)
District 7 - HCM (Phu My Bridge)
District 7 - HCM (Phu My Bridge)

&
% System , Tools #% Search % Controbs
~ Types of the spatial objects X Ao
Name Description ¥ A
Cable-stayed bridge. fan-style New type cable bridge 2
~ Objects Zoom v
Nome Length Width  Height Description

0 / |
N

\‘ /{I_lll’
S

Fig. 10. Display semantics and image of bridge with construction time [Dec 30, 2007 € T,

Feb 2, 2009 € T,] € ET,.
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7\ System ., Tools #% Search & Controls
~ Types of the spatial objects - X Axis
Name Description ¥ Avis
Cable-stayed bridge, fan-style New type cable bridge 20 g
~ Objects Zoom
Name Length Width  Height Description

Phu My bridge More than 2000 m (excluding paths) 27.5m 162.5m To across the Saigon River

~ Temporal Types
Temporal Types Semantic

Event time Event time is time of start of formation and end of loss in the real world (with month
~ Time for building

Start time/End time Deseription
2/9/2009-0:0:0 End Time to build Phu My Bridge, crossing the Saigon River
9/9/2005-0:0:0 Start Time to build Phu My Bridge, crossing the Saigon River
~ Building period

Start time End time

02/09/2008 02/09/2009

~ Temporal points for building
~ Time of owner or manager
~ Owner or manager

Ho tén Owner or Manager Address Telephone Email
Phan Hong Minh  Manager HCM 0903.762839 pxtruong@gmail.com
~ Province or City under central authority

Name of province or city under central authority Description
Ho Chi Minh City City under central authority
~ Provincial cities; District: Town: District

Name of city under the
District 2
District 7
~ Information about Ward; Commune; Town

Name of Ward | Commune | Town Description

Thach My Loi Ward District 2 - HCM (Phu My Bridge)
Tan Thuan Dong Ward District 7 - HCM (Phu My Bridge)
Phu Thuan Ward District 7 - HCM (Phu My Bridge)

Fig. 11. Display semantics and image of bridge with construction time [Sep 2, 2005 € T, — Sep
2, 2009 € T,] € ET..

4.2 Query Space Over Time and Semantics of 3D Objects

Experiment 2: Apply to query 2 above to find and display houses owned by Ms.
Pham Thao Nguyen in the period of time and is the type of given legal time. We get the
result shown in Fig. 12.

e Input: Ms. Pham Thao Nguyen and the period of time [Sep 08, 1998 € T5 — June
12, 2012 € T4] and is the type of LT,.

e OQOutput: Images of houses and semantics describing houses owned by Ms. Pham
Thao Nguyen.

7 System |, Tools #% Search & Controbs

~ Types of the spatial objects . X s

© Objects ¥ s
Name 7

Level 4 houses i

~ Temporal Types
~ Time for building
~ Building period
~ Temporal points for building
~ Time of owner or manager
Start time/End time
08/09/1998 - 12/06/2012
~ Owner or manager
Ho tén Owner or Manager
Pham Thao Nguyen Owner
~ Province or City under central authority
Name of province o city under central authority
Ho Chi Minh City
~ Provincial cities; District; Town; District
Name of city under the province|District| Town|District
Tan Phu District
~ Information about Ward: Commune: Town
Name of Ward | Commune | Town Description
Hiep Tan Ward
~ Information about the incidents
Incidents
Planning

Fig. 12. The houses were owned by Ms. Pham Thao Nguyen in the period of time [Sep 08, 1998
€ T3 - June 12, 2012 € T4]. € LT,
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Experiment 3: Apply to query 3 above to find and display the space of houses by

event, period of time and is the type of database time. We get the result shown in
Fig. 13 and 14.

e Input: Types of events such as (Storm, [Sep 08, 1998 € Tg - June 12, 2012 € Ty])
or ([Landslide, Sep 08, 1998 € Tg - June 12, 2012 € To]) € DT;.
¢ OQutput: Houses images and semantics describing houses after events occurred.

. System , Tools #% Search
~ Types of the spatial objects
~ Objects

Name 2w
Level 4 houses
~ Temporal Types
~ Time for building
~ Building period

Start time End time
08/09/1998 12/06/2012
~ Temporal points for building
~ Time of owner or manager
~ Owner or manager
~ Province or City under central authority
Name of province or city under central authority T
Ho Chi Minh City lj
~ Provincial cities; District: Town: District

Name of city under the province|District|Town|District

lm\—.
—
Uy

Tan Phu District
~ Information about Ward; Commune; Town
Name of Ward | Commune | Town

Hiep Tan Ward T =
* Information about the incidents (,74‘ -
Incidents S+
The = \Z:S ]
e storm [
~ History of land utilization - —

Fig. 13. Incident due to the storm and the period of time [Sep 08, 1998 € Tg — June 12, 2012 €
To] € DTy

. System , Tools #% Search

~ Types of the spatial objects
~ Objects

Level 4 houses
~ Temporal Types
~ Time for building
~ Building period

Start time End time
08/09/1998 12/06/2016
~ Temporal points for building
~ Time of owner or manager
~ Owner or manager
~ Province or City under central authority

Name of province or city under central authority T I

Ho Chi Minh City T
~ Provincial cities; District: Town: District

Name of city under the province|District|Town|District > =
Tan Phu District ‘H
~ Information about Ward; Commune; Town | J

Name of Ward | Commune | Town S u ’ I
Hiep Tan Ward T 7= ~\
~ Information about the incidents

||
Incidents | ,,\I
Landslide Q, >

~_History of land utilization

Fig. 14. Incident due to the Landslide and the period of time [Sep 08, 1998 € Tg — June 12,
2012 € Ty] € DT,
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4.3 Query Each Generation of Descendant Houses of a Father House

Experiment 4: Apply to query 9 above to find each generation of descendant houses
of father house with code “B8”. We have the results of finding generations of
descendant houses of father house in Fig. 15 and Fig. 16.

e Input: the house with code “B8”
e Output: Images of descendant houses of a father house with code “B8”

+ Information about the incidents |
~ History of land utilization ‘ ‘
B172 B174 Jo18
BI72 8173 l B170
Generation; - 2016
a1 s | em |
Generation, - 2010
i ) wies | mior | 810 |
‘Generation, 1 - 1998
Bi61 | Bies | btes | b7 | Bies | btes | o
Bis1 | Bl62 B163 | B1ea 150
B [ B2 [ 63 [ o4 |85 | 8o | 87 [ B8 | 8 |00
Generation, = ~ 1985
Land Plot
1980
Fig 4. astrating the history of using the land plot
~ Find descendants of the house with code ‘BS*
Generation; ‘ B172 | B174 ‘
Generations | | B172 | e | B170 |2 3
Generations B171 [ B170 | 167 B
(s
Generations B167 B170 . ‘\‘,
..... LT L LT TR PP PP ey Generations_ ..
! Generations B167 B168 Lt EEEEEE b
L L LT T E T r T T
B163
Fig. 6. of a house with code “B8™

Fig. 15. There are two houses B167 and B168 just found in generation 3.

|
© System | Tools #& Search
~ Information about the incidents

X
~ History of land utilization -y
[ B172 [ B174 ors iz i
[ 8172 [e1m ] B170 s
B169 [ BIT1 | 8170 -
— [ B169 B166 | B167 | B170 ]
Generation, - 1998
[ Bte1 [ Bies | Bies | Bier | Btes | Bies |
1994
[ow | e [ sw | st |
1990
[ [ o2 [ [o¢ [ o [ o [ [ w0 [ow]
Generation, 1985
Generation, Lot 1980

Fig. 4. Illustrating the history of using the land plot
~ Find descendants of the house with code 'B8"

" Generation; - ‘ B172 ‘ B174
! Generation, | Bi72 [ e ] B170
Generations B171 | B170

B167 B168
Generation, B163
Generation;

Fig. 6. Descendents of a house with code “B8”

Fig. 16. There are three houses B172, B173 and B170 just found in generation 6.
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5 Conclusion

This paper has systematized and analyzed in detail the spatial and temporal data models
proposed by the authors over the years and the paper made new comments and pro-
posals. The paper presents the necessity of three spatial, temporal and semantic classes
to cater to construction works management in new urban areas and describe in detail
how to incorporate these three new classes into construction works management to
implement the construction of spatial - temporal - semantic spatial data model and this
new model is called STSDM. STSDM is capable of managing spatial evolutionary
history of 2D, 2.5D and 3D spatial objects, capable of spatial queries over time and
semantics, capable of spatial queries over time, capable of semantic queries, and
capable of finding ancestors and descendants of space objects. The above experimental
results show that it is possible to apply the capabilities of the STSDM in managing the
spatial evolutionary history of construction works in new urban management in the
future. In addition, this STSDM is capable of managing various and rich objects in
terms of colors, shapes, dimensional numbers and more diversified semantic
integration.
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