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Abstract:
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The CityGML model is now the norm for smart city or digital twin city devel-
opment for better planning, management, risk-related modelling and other ap-
plications. CityGML comes with five levels of detail (LoD), mainly constructed
from point cloud measurements and images of several systems, resulting in a va-
riety of accuracies and detailed models. The LoDs, also known as pre-defined
multi-scale models, require large storage-memory-graphic consumption com-
pared to single scale models. Furthermore, these multi-scales have redundancy
in geometries, attributes, are costly in terms of time and workload in updating
tasks, and are difficult to view in a single viewer. It is essential for data own-
ers to engage with a suitable multi-scale spatial management solution in mini-
mizes the drawbacks of the current implementation. The proper construction,
control and management of multi-scale models are needed to encourage and
expedite data sharing among data owners, agencies, stakeholders and public
users for efficient information retrieval and analyses. This paper discusses the
construction of the CityGML model with different LoDs using several datasets.
A scale unique ID is introduced to connect all respective LoDs for cross-LoD
information queries within a single viewer. The paper also highlights the bene-
fits of intermediate outputs and limitations of the proposed solution, as well as
suggestions for the future.

CityGML, Level of Details (LoD), multi-scale, scale unique ID, cross-scale que-
ry, spatial scale data management
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1. Introduction

Spatial scale modeling, either in 2D or 3D, aims to create abstraction objects/
models in various domains for improved understanding and decision-making in
managing the real world. However, abstraction of the model normally comes with
various accuracies, needs, and levels of information to be stored. An object such
as a building can be represented at many levels of detail and dimensionality, in-
cluding 0D as Point of Interest (POI), 2D as a building footprint, and 3D as a three-
dimensional measurement. The higher the dimension, the more details there are,
and the closer it is to the real-world phenomena. For example, in an urban setting,
a 3D model will alleviate certain difficulties with photovoltaic (PV) installation
on building facades [1]. A building may be represented in CityGML (version 2) as
5-levels of detail, with LoDO0 being 2D and the rest being 3D models.

The CityGML is an XML formatted standardized data model introduced by
the Open Geospatial Consortium (OGC). This standardized data model enabled ex-
changing the format of 3D models of city and landscape features from and to vari-
ous applications and platforms. These exchangeable formats are applicable but not
limited to mapping, cadaster, environment, navigation, urban planning, architec-
ture, real estate, simulation, urban facilities management, among other things. The
CityGML model (version 2.0) is available in five LoD standards, as illustrated in Fig-
ure 1. LoDO is basically a building footprint with a 2.5D elevation model, while LoD1
is a simple block model without any customized details, and LoD2 is an extension
of LoD1 which incorporate roof structures. LoD3 is closer to an architectural model
with openings such as windows, doors, fagades and rooftops with optional textures.
Lastly, LoD4 completes the LoD3 building model by incorporating the interior struc-
tures such as rooms, interior doors, stairs, and furnishings.

>~ I

L OO0 LOD/ LOD2 LOOD3 NSO

Fig. 1. Five LoDs introduced in CityGML 2.0
Source: [2]

Handling multiple LoD models in separated file-based architecture is inefficient
in terms of storage, attribute information, data updating, and information query,
especially if it involves visualization platforms. It also limits the ability of stakehold-
ers, agencies, and public users of their respective domains to share data (e.g. upload
and download operation or using Application Programming Interface (API) of an
online system). Starting with data collection from various systems, modeling tech-
niques, software and tools with different precision accuracy levels until migration
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to a database, many quality controls and integration procedures are required. At
present, there is no technique which can incorporate all LoDs of the same build-
ing into an enable relational-query which can be accessed by a single map viewer.
This paper, therefore, presents an approach to minimize and overcome these lim-
itations. The proposed solution starts with constructing the CityGML model with
various LoDs, migration to a database, and retrieval of information cross-LoDs. This
paper also introduces a new scale unique ID which acts as a primary key to connect
different LoDs and enables cross-LoD queries within the database. The findings of
this study is expected to be used as a guideline for implementing new or reorga-
nized existing CityGML multi-scale models at the national level.

The paper is structured as follows: Section 2 highlights the relevant work, fol-
lowed by Section 3, which describes the datasets used in this study, including the
2D cadaster, Airborne Laser System (ALS), Mobile Laser System (MLS), and build-
ing image texture. The method for constructing each CityGML LoD and the scale
unique ID is covered in Section 4. Section 5 discusses the outputs of the proposed
solution, where they are applied in the 3D cadaster domain as one of Malaysia’s na-
tional initiatives, known as “SmartKADASTER” [3, 4]. Section 6 concludes the study
with recommendations for the future.

2. Related Work

Different users and applications require different abstractions of the spatial ob-
ject [5], creating multiple layers of datasets and models to be managed, shared, and
maintained. Current solutions at the level of spatial abstraction have utilized multi-
scale (discrete approach), vario-scale (continues) and generalization algorithms to
serve users with information level in a map viewer. However, only a multi-scale solu-
tion provides specific data sharing through different user’s domains, cross-operation
requirement details, and multiple formats. It is designed for data custodians and
owners to share their datasets with various levels of accuracies, formats, and details
as required by stakeholders, clients and public users; especially for 3D buildings.
Thus, a standard development guideline is required for each pre-defined 3D build-
ing LoD to encourage users in various applications such as in urban planning, map-
ping, sustainable development and the smart city. Besides that, most domains have
their customized LoD definitions and specifications to support their operations or
analyses, demanding different abstractions and models of real-world objects [6]. The
current methods for handling multi-scale data require a file-based proprietary for-
mat and generalization for either 2D and 3D vector datatypes.

Several studies on the CityGML multi-scale have been carried out [7-9]. For
example, [10] models the ancient city of Taranto in Italy with multi-scale LODs
to simulate the urban changes from the mid-1800s until the present. Graphic and
iconographic documents have been utilized to construct the LOD1 model, which
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focuses on building blocks, while the LOD3 model is focused on street furniture
such as bridges and flyovers. The LOD3 is constructed based on a set of point
clouds acquired using an airborne laser system (ALS). Although the LOD1 model
is constructed to visualize the building blocks in different time frames, the series
needs to be inspected individually in a different mapviewer. Their study, howev-
er, did not address the dependencies between geometric entities of different LODs.
CityGML standards state that each user is responsible for ensuring the modeled
objects (in different LODs) refer to the same objects in the real world [11]. This in-
dicates that the consistency of objects with different LODs needs to be validated.
The level-of-details for the objects must be interrelated in terms of data updating
and modification. Consequently, it requires an approach or procedure to produce
a multi-scale model that is appropriate on coarser or finer LODs.

The LoDs multi-scale data and models are normally constructed via large area
and precise measuring systems during data collection (e.g. point cloud). It also in-
volves post-processing before constructing each LoD 3D model using the requi-
site software. Normal practices utilize LIDAR 360, AutoCAD Revit, Blender and
FME Safe software to construct the 3D LoD models according to the user’s opera-
tion requirements. For example, for spatial mapping, [12] and [13] utilize FME soft-
ware to convert multiple sources of datasets to construct 3D CityGML LoD models.
[14] also integrates various data sources in FME to produce the CityGML model for
urban flood management. Since there are various data collection methods available
with different accuracy levels, software (and integration between software/formats),
workflows, and user specifications; a multi-scale standard should be applied such as
in CityGML to enable sharing among other potential users, thus minimizing the cost
of duplicated data collection for each application/domain). The sharing platform
could be an online map service (paid/free depending on requested LoD details) or
a custom developed system or through database sharing of API integration. Cur-
rently, most multi-scale datasets/models such as CityGML are in a file-based format,
making then inaccessible to others with secure authentication control.

In Malaysia, the Department of Survey and Mapping Malaysia (JUPEM) ini-
tiated a pilot study of implementing a multipurpose cadaster in 2012. The pilot
study advanced to phase 2 in 2020 with the addition of a mapping and geospatial
information system based on the CityGML 2.0 schema. The value-added applica-
tion is designed to support Smart City implementation in Malaysia, which offers the
ability to spatially identify assets and to represent city dynamics in 3D, as well as
accurate cadaster information. The development of the smart decision-making sys-
tem will support the management of land in a more effective and efficient way [15].
A rich data model benefits the user due to the high demand for structured storage,
management, and analysis of data. Nonetheless, the previous SmartKADASTER
system (Phase 1) has limitation in terms of the system’s capability to support dif-
ferent LoDs and users, due to the storage of 3D city models in the form of a file-
based system.
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Realizing these setbacks, phase 2 of SmartKADASTER aims to ensure that the
improved system complies with the city model standard and encapsulates the 3D city
model into the database based on the reviews from previous researchers [16-21], tar-
geting beyond the cadaster purpose and format interoperability. This paper suggests
how to improve the management of information using a database solution since it
is better, more practical, accessible, and more coherent than file-based systems [21].

3. Datasets

This work utilizes a square grid of 6.25 km? (2.5 km x 2.5 km area) testing data-
sets in Klang, Selangor. Primary datasets include cadaster 2D lots, ortho-photos,
LiDAR from ALS and MLS (with side camera for texture). All these data are ob-
tained from JUPEM, one of the 230 grids in the SmartKadaster project (Phase 2). To
process and create the model from these datasets, several pieces of software and
tools are used, namely LiDAR 360, Google SketchUp (with a commercial extension
of Undet and 54U Slice), Adobe Photoshop (for texture editing), FME workbench,
3D CityDB tool, and PostgreSQL database, which will be discussed in section 4.

3.1. Airborne Laser System (ALS)

The ALS system is used to capture point clouds, oblique and nadir aerial photos
which later produces orthophoto (Fig. 2) and other products (Fig. 3). Ground Con-
trol Points (GCPs) and some cadaster boundary marks were used for georeferencing
the point clouds to the ground survey.

Fig. 2. The generated orthophoto of the study area (10-cm resolution)

b)

Fig. 3. Example of ALS point clouds: a) the study area;
b) a selected building extracted point clouds (cropped) for 3D modelling
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3.2. Mobile Laser System (MLS)

The MLS system is used to capture street-based point clouds of building fagades
as well as the image texture and image of the buildings. Buildings covered by more
than three sides of the facade (accessible by road) are selected for modelling in
CityGML LoD2 and LoD3. The maximum height measurement of MLS point clouds
can reach up to 5 floors (20 m), highly dependent on the offset distance between
an access road and the measured building. Figure 4 shows point clouds from the
MLS system, while Figure 5 shows some examples of photos from the MLS side
camera for the building texture.

a)

Fig. 4. Example of a track of MLS mission: a) 3 km length with point cloud;
b) the same building point clouds is extracted (cropped) from the MLS

Fig. 5. Examples of building textures from side camera of MLS system

3.3. Combining ALS and MLS Datasets

Using LiDAR 360 software, the cropped point clouds data (.las) of a specific
building from ALS and MLS were merged into a single file. A quality check was
carried out to see if the combination of ALS and MLS is accurately matched or if
it falls outside the model’s acceptable tolerance. Figure 6 shows the relevant data-
sets as well as the merged point cloud’s results. The newly generated file is then
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ready for the 3D construction modelling process in Google SketchUp using the
Undet extension tool (a commercial extension used to load and view point clouds
in SketchUp).

a) b)

Fig. 6. Examples of cropped datasets for a building (Sultan Salahuddin Abdul Aziz Mosque)
respectively: a) orthophoto; b) ALS point clouds; c) MLS point clouds;
d) ALS-MLS colored point clouds combination

4. Method

The overall work is divided into several processes; preliminary model prepara-
tion, setting upscale, unique ID environment and cross-scale LoD query. We intro-
duced a term called “Scale Unique ID” to denote the construction of building model
in several LoDs which comply with the CityGML schema and effective data man-
agement solutions to minimize current implementation drawbacks. It is crucial to
create and maintain the relationship between multiple LoD representations with the
corresponding real object. The scale unique ID enables cross-scale queries (LoDs)
especially to support single map viewer. The workflow consists of four main phases:

1. data source,

2. CityGML construction with scale unique ID,

3. database query,

4. single visualization.
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The first phase (data source) was covered in Section 3, while phase two is ad-
dressed in Section 4.1 (CityGML Development). The implementation of the scale
unique ID (shown in red in Figure 7) is described in Section 4.2.

Proposed 3D Spatial Scale Data Management
(CityGML, Scale Unigue ID and Single Viewer)

Cadastre 0
/Lotum ID/ / 8 / / MLS / /Temrewmaga/ /TLS/Others/

CityGML Standard

Yes
LoD? >

WallSurface WallSurface (details) p| WallSurface (more details)
BuildingFootprin RoofSurface RoofSurface (details) RoofSurface (more details)
(details) | | GroundSurface (more details)
Door
Window

Scale
Unigue 1D

CityGML+Scale Unique ID | Data Source |

LoD0O v*v LoD1 v* LoD2 y * r LoD3 # LoD4-N |
|
|
|
|
|
|
|
|
|
|
|

3D CityDB

Updating / Maintenance
- LoD attribute
- Add/Edit column each LoD
- Add/Replacing LoD Object

Sending queried
results back to
Viewer

Database & Query

from other LoD

Single
oD-viewer

| Visualization

Fig. 7. The overall workflow for 3D spatial multi-scale data management

The scale unique ID is a primary key to support cross-scale information que-
ries (e.g. from other LoD attribute tables). It is essential to prepare a model with
relational connection for the next phase of developing a single viewer for users to
access information. The fourth phase of this workflow will not be discussed in depth
because the integrated LoD visualization is still not available. There are currently
no visualization platforms to directly access CityGML models within a database
(e.g. PostgreSQL), either as a Web application (e.g. Cesium 3D) or desktop-based
software (e.g. FME).

4.1. Development of Multi-scale CityGML Models

The construction of LoDO, 1, 2, 3, and 4 models is not identical to each other,
since each model uses different input datasets, software, and techniques. Based on
the process workflow and complexity of each model, the construction of models can
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be grouped into three categories: LoD0 and LoD1, LoD2 and LoD3, and LoD4. The
latter is excluded in this section, due to unavailability of the dataset. Figure 8 shows
an example of LoD2 model construction while Figure 9 illustrates a construction for
LoD3 using Google SketchUp software as part of completing five LoDs of CityGML
standards as shown in Figure 10.

r "R ENEOH P FBRI AN GO R O HEEEEEEE C T GBOIBREFOD PP
e ? ® o FIF “aa AHRAER A FHa=NR oo A @uRr &

Xe® -5 RO+ 0
E AN N
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Fig. 8. Example of a LoD2 model construction (rooftop geometry and texture)
using SketchUp software

Fig. 9. Example of a LoD3 model construction
(fagade texture and building openings)

LoDO0 LoD1 LOD3 LoD4 LoD5

Fig. 10. Five LoDs in the CityGML 2.0 standard,
implemented for the building of Sultan Salahuddin Abdul Aziz Mosque

Source: [22]
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Combining ALS and MLS Datasets

CityGML LoD1 is a solid-based 3D model generated automatically from the
building footprint LoDO (Fig. 11, the building outlined in green with a manual digitiz-
ing process) using FME workbench software. The LoDO of the study area and the ALS
point cloud (height references for extrusion as per building block) are used as the in-
put data. The process of model generation is illustrated in Figure 12. The LoD1 build-
ings are shown in Figure 13. The height of each building block varies depending on the
mean of the point cloud elevation values that fall within a building footprint.

LODO - Building 1708

FID 2815

FID_1 5372

Name Building 1708
| Buidingo 1708
Perimeter 274.192

s
STRATA (s)0B(M1)

Y 20_UPt [100140014203(S)0B(M1]

Fig. 11. Example of LoDO (building footprint, light green vector) in relation to the 2D lot
(colored red)

Fig. 13. The generated LoD1 buildings (draped with orthophoto and DEM)
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LoD2 and LoD3

The LoD2 and LoD3 models are constructed using different process workflows
and software to the LoD1 processes. The construction mostly requires manual mea-
suring, editing, and quality checking in Google SketchUp software. The Undet tool
is used to plot the combined ALS (rooftop), and MLS (fagade) point clouds with the
actual coordinate system for the modelling process in SketchUp. The overall model
construction processes are illustrated in Figure 14, while workflow for generating
texture is specifically for LoD3.

QAQC in FME
Software & Export
to *.gmlfxml

[

Image Editing

(enhancement &
crop/combine)

Fig. 14. General workflow for LoD2 and LoD3 building model construction

An example of the LoD2 model is shown in Figure 15, which features a building
in the study area. Figure 16 shows an example of the constructed LoD3 buildings

(with and without texture) before the migration process to CityGML schema using
FME software.

Fig. 15. Model of a mosque in LoD2
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Fig. 16. Model of a mosque in LoD3: a) without textures; b) with textures

4.2. Development of Multi-scale CityGML Models

A new ID, called a scale unique ID is introduced in this workflow to connect
each of the respective LoDs back to a single basic 3D unit or, in other words, to
reconnect them as a building from multiple building representations. The ID meets
object-oriented database (OODB) requirements and is well compatible with the City-
Object database schema for CityGML. The ID is an extended version of the existing
Unique Parcel Identification (UPI) for the 2D cadaster lots. The current 2D UPI ID
for Malaysia’s cadaster lot is shown in Figure 17. It combines the state code, district,
sub-district, section, and lot number into a 2D parcel.

Table 0O x
E- B BR TS x
MRSO_SEAMLESS_NDCDB x
— — — — — =
OBJEC| Shape* | NEGERI | DAERAH | MUKIM | SEKSYEN | LOT uel KELUASAN | KOD_KEGUNAANTANAH PA STATUS NOFAILUKUR NAMAPEMILIK ~

» 1| Polygon 10 o 75 000 34012410017500084012 306.598 | <Null> PA9B80S 65|PUBLSEL1531_2003 |<Null>
| ] 2|Polygon 10 o1 75 000 8153310017500081533 130.062 |2 PAT2242 65 [<Null> <Null>

3 |Polygon 10 01 75 000 34020010017500084030 306.6 | <Null- PASE806 65| <Null= <Null=

4 |Polygon 10 01 75 000 34032010017500084032 411.263 | <Null> PAYES0E 65 | <Null> <Nulb>

§ |Polygon 10 n 7S 000 8403310017500084033 306.59 | <Nul> PASES0E 85 | <Null> <Null>

6 |Polygon 10 o1 75 000 332064 10017500083206 9589.262 | <Null> PAT2269 65 | <Null> <Null>

7 | Polygon 10 o 75 000 83162010017500083162 306.601 <Null> PAT2267 85 | <Null> <Null>

8|Polygon 10 01 75 000 10017500081482 143.08|2 PAT2244 65 |PUBLSEL276_1999  |<Null>

9|Polygon 10 01 75 000 81 10017500081485 143.08|2 PAT2244 65 |PUBLSEL276_1939  |<Null=

10| Polygon 10 01 75 000 31. 10017500081483 353.503)2 PAT2244 65 |PUBLSEL276_1999 | <Null>

11|Polygon 10 n 7S 000 §1492810017500081492 143.08|2 PAT2244 65 |PUBLSEL276_1999 | <Null>

12 | Polygon 10 o 75 000 83160810017500083160 306.601 |<Null> PAT2265 85 |<Null= <Null>

13 |Polygon 10 o 75 000 3144110“1750“081 443 143.08 | <Null> PAT2244 65 [<Null> <Null> v
< >
TR 1+ n [B]# | ©outof 79695 Selected)
MRSO_SEAMLESS_NDCDB |

Fig. 17. Example of cadaster lots layers and the UPI ID for respective lots

As illustrated in Figure 11, LoDO (building footprint) is a subset of 2D cadaster
lot, where the 2D UPI ID could be further extended toward a more detailed sub-
set ID (e.g. 2D building footprint in LoD0). However, to embark on 3D buildings,



The Development of Multi-scale Data Management for CityGML-based 3D Buildings 83

some scenarios should be considered, such as in Figure 18, in which a 2D UPI ID
is evolved to become a 3D UPI ID. At present, JUPEM has already implemented
3D UPI ID for 3D buildings as unique ID — especially for cadaster strata ownership.
Thus, the 3D UPI ID (single building) is utilized as the basic core ID to be extended
toward a scale unique ID. Table 1 indicates scenarios of the existing 3D UPI ID and
the proposed scale unique ID.

Squatter House
(without lot)

Fig. 18. Example of scenarios in 3D cadaster lot

Table 1. Example of scenarios, 3D UPI ID and the proposed scale unique ID;
where (S)_ is strata information, and B(M_) is block/building with model or tower.
DO represents the scale unique ID extension for LoD in CityGML

Scenario Existing 3D UPI ID Scale unique ID (LoDO0)
Single building within 10017500081443(S)0B(M1) 10017500081443(S)0B(M1)D0
a cadaster lot (scenario A)
Multi-buildings (scenario B) | 10017500081443(S)0B(M1) 10017500081443(S)0B(M1)D0
and Shared wall within the 10017500081443(S)0B(M2) 10017500081443(S)0B(M2)D0
single lot (scenario C) 10017500081443(S)0B(M3) 10017500081443(S)0B(M3)D0
Multi-level building (strata) in | 10017500081443(S)1B(M1) 10017500081443(S)1B(M1)DO
a lot (scenario D) 1B(M2) if with 2 towers
Buildings with no cadaster lot | 10017500081443 10017500081443

TMO00001(S)0B(M1) TMO00001(S)0B(M1)D0
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For LoD1, the scale unique ID of LoDO0 (D0) will be replaced with LoD1 (D1)
during the extrusion in FME (previously shown in Figure 11) or in the database ta-
ble (after migration). The general process of model migration from an XML format
to PostgreSQL database is illustrated in Figure 19. In the migration process of the
building module (CityGML), very minimum attributes of the 3D model from Sketch-
Up could be carried over to CityGML, such as text-based without special characters,
and in this case, the scale unique ID. Once the migration is completed, CityObject
generates the building Table (dotted line in red), which carries the inserted ID as
shown in Figure 20. As a subset of the building table, boxes (outlined in red, green,
black, and blue) indicate data storage in the database for 3D building with respec-
tive LoDs (0, 1, 2, 3 and 4). The second group of boxes below the database interface
shows the terrain intersection with respective LoD 3D building (LoD2 and LoD4 are
not available).

3D Model
Construction
(SketchUp)

* skp

FME Data Inspector

CityGML Db
Exporter
(3D CityDB)

QA/QC
PosigreSQL

database

gml
* xml

Fig. 19. The workflow of 3D model migration from model construction to PostgreSQL

v [ building
> [{ Columns (39)
~ »4Constraints (15)
ZP building_cityobject_fk
2 building_lod0footprint_fk
2 building_lodOroofprint_fk
42 building_lod1msrf_fk
2 building_lod1solid_fk
2 building_lod2msrf_fk
Z building_lod2solid_fk
P building_lod3msrf_fk
Z2 building_lod3solid_fk

Query Editor

Data Qutput

Query History

SELECT = FROM tyd
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eometry geometry geometry
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|01050000A0E61000000100000(0...

4P building_parent_fk

LoD2 lo10s0000AL@D@000100000f0.. LOoD4

building_pk
4P building_root_fk

101050000A0E61000000100000(

e

> & Indexes

|01050000A0E6100000010000000...

Fig. 20. The structure of LoD in building a thematic class of CityGML in CityObject

The models in LoD1, LoD2 and LoD3 or LoD4 (modeled on different platforms)
are migrated (having passed the QAQC phase in FME) using the 3D CityDB tool from
an XML/GML format file to the PostgreSQL database. Figure 21 shows the outputs
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imported from LoD1 in bulk migration using 3D CityDB, while Figures 21-24 show
individual building block imported results for LoD2, LoD3, and LoD4, respectively,
in the Postgres database.

S e & |citydb_3375_official/postgres@w01
> [bridge Query Editor_Query History
4 "::""“‘-:""’“"J‘“““ 1 select DISTINCT SUBSTRING (gmlid, 1, 50) from cityobject where gmiid like '%.01'
> () bridgefurniture
> [*]bridge_instaliation uuery tools
> [ bridge_open_to_them_srf
> [ bridge_opening
> 5 bridge.room
> [ bridge.thematic_surface Explain_Message:
~ building N
> B Columns u tem
v b4 Constraints (15) 14698  UPI10014003213.5.08M1.01
Bulding cltyobiact G 14695 UPL10014003214.5 08 M1.01
LoDQ 4 building.iedOfootprint.f I 14700 UPI10014003215.5.08 M1.B1
£ buliding Jodorootprint fk e S
2 building.lod 1 msr_fk e Ty
e R
Pk itk 14704 UPLI0014003219:5.0BM1.01
£ buliding Jod3mart fk 0S| UPLDOUGISIMID L
 bullding_led3solid_fk 14706 UPL10014003221.5 0B M1.01

Fig. 21. Scale unique ID for LoD1 after migration
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> [ breakline_rellef
> Emiage QueryEditor  Query Histary
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» Buinceres 2682 UPLI00BS00D0S2850 5 0B M1 02
I acl 2685 UPL100BBO00062651.5 0B.M1 02 R
el 20| IPLacssooneaeez AT List UPI of LoD 2
el 2 i oot s 20
» bkl tarhen e =

Fig. 22. Scale unique ID for LoD2 after migration

> ©Lruge_mstEnauen e y————
> [ bridge_open_to_them_srf S
> 5 bridge_opening Query Editor  Query History
> E3bridge_room 1 select DISTINCT SUBSTRING (gmlid, 1, 50) from cityobject where gmlid like '%.D3’
> [ bridge_thematic_surface
uery tools
~ E5building | Query

> [ Columns
~ b4 Constraints (15)

Data Output Explain Messages Notifications
£ building_cityobject_fk

2 building_ledOfootprint_fk subetring &
4* building_lodOroofprint_fk 2703 UFI_IUUBBULLUB 553 S UB.M | U3
£ building_lodImsrf_fic 2704 UPI_10088000062644.5.08.M1.03
4 building lod1solid_fk 2705 | UPI_10088000062645.5.08.M1.03

P building_lod2msrf_fk

2706  UPI_10088000062646.S.0B M1.03
2707 | UPI_10088000062647.5.08 M1.03
2708  UPI_10088000062548.5.08.M1.03
building_cityobject_fk 2709  UPL10088000062649.5.08.M1.03
P building_lod4solid_fk 2710  UPI_10088000062650 S.08 M1.D3 List UPI of LoD 3

Fig. 23. Scale unique ID for LoD3 after migration
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> 1=Jappearance
> Ebreaktine skt
> [ bridge Query Editor  Query History
> 5 bridge_constr_element 1 select DISTINCT SUBSTRING (gmlid, 1, 58) from cityobject where gmlid like '%.D4’
> [ brigge_fumiture
3 [ brigge_instaliation QUEI"V tools
> bridge_open_to_them_srf
» [ bridge_opening
> [ brigge_room
> [ bridge_thematic_surface Data Output  Explain  Messages  Notifications
 [building substring &
» @ Columns 4 e
~ b4 Constraints (15) 1 UPILOSOS40000628.5.08M2.04
£ building_cityobject_fk 2 UPIOS0S400007560 5.0.8.M1.04
4P bulkding Jodbfootpeinl_fk 3 UPIL0S0584002TMO0D01 5.08.M1 04
l:ﬂ:j"':l.od?moff'n'"l.f‘ 4 UPL10014000TM00001 5.0BM104  List UPI of LoD 4

Fig. 24. Scale unique ID for LoD4 after migration

5. Results and Discussion

This section discussed the final results of the CityGML LoD models migration
into the PostgreSQL database as well as the capability to execute advanced spatial
and attribute queries across the LoD model. Several intermediate models are also
considered as secondary outputs of this study, which may be useful in other do-
mains: e.g. the SketchUp file of LoD2 and LoD3 for urban and landscape planners in
their respective software applications. The section also includes a discussion on the
advantages and potential integration with other datasets for future usage.

5.1. Final Results (Cross-scale Query)

After all of the models have been successfully migrated into the databases as
shown in Figures 21-24, the new attribute column can easily be added, modified, or
deleted using SQL syntax in the Query tool section. It also allows queries such as se-
lecting a 3D building based on a certain 3D UPI (e.g. 10088000062656.5.0B.M1). The
proposed multi-scale spatial data management via scale unique ID (in a database
termed gmlid) also enables cross-scale (LoD) information extraction and creates an
object-oriented connection with multiple representations and class components of
a particular building (Fig. 25).

L unugs U "
citydb_3376_official/postgres@Postgresal 12
> {*ibridge_installation - gl o 4
> 5 bridge_open_to_them_srf Query Editor  Query History
> [bridge_opening 1 select & from citydb.cityobject where gmlid LIKE 'UPI_10038000662656.5.08.M1%' AND object
> Fibridoe room
3 citymodel
v [cityobject Data Dutput  Explain Messages  Netifications
> @ Columns (17) a 4 oblectelass_id gmild
> b4 Constraints 4 [Plinteger integer character varying (256)
> Sindexes 1 2877294 26 UPL_10088000062656.5.08.M1.03
> (2RLS Policies 2 2879048 26 UPI_1008B000062656.5.08.M1.02
> Rules

Fig. 25. A building of UPI_10088000062656.5.0B.M1
has two representation LoD2 (...D2) and LoD3 (...D3) as shown in the output query
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An example of the query is shown in Figure 25 with:

select *
from citydb.cityobject
where gmlid LIKE “UPI_10088000062656.5.0B.M1%" AND objectclass_ID =26

Since we were using the OODB structure as an object class, we were also able to
do detailed information queries. More information on the object information could
easily be retrieved in relation to the respective LoDs, including information on the
related object sub-class of a selected building component in the respective LoD, such
as the number of windows and doors associated with a particular 3D building. The
answers are as shown in Figures 26 and 27, respectively. Although only the LoD2 is
viewed on the visualization platform, further details on the modelled building such
as LoD4 (e.g. room name, size, number of chairs, tables, and computers) could be
extracted efficiently. As a result, it significantly reduces the amount of graphics and
memory used by the machine while allowing for faster rendering.

citydb._

2 CunugEUIIWE
75_official/

stgres@PostgreSaL 12

» [bridge_installation
> [ bridge_open_to_them_srf Query Editor  Query History
> Ejbridge_opening 1  citydb.cityobject where gmlid LIKE 'UPI_10088000062856.5.0B.4M1%" AND objectclass_ID = 27
> [Hbridge_room
> [Fcitymodel
¥ [Hcityobject Data Output  Explain Messages  Notifications
» @ Columns (17) d otjectclass_ld 4 anid
> p4Constraints 4 [PK]integer integer character varying [256)
> FiiIndexes 1 2877502 27 UPI_100BE000062656.5.06 M1.03_BR ZW7S2gs4F OPwWIRIZTyuP
> (HRLS Policies 2 2877503 27 UPL1008E000DE2656.5.08.M1.03 BRWSFIWJKLITtRueurmyi
: 3’::;::[5 3 2877504 27 UPI_100BE000062656.5.08. M1.03_BRIMRVI STXUWW T piyhe
» Ecityabiect genericattrib 4 2877505 27 UPI_100BE000062656.5.06.M1.03_BRDYfVKGETCKFmWFrpdwe
s 5 cityobject_member 5 2877506 27 UPI_100BB000062656.5.08 M1.03_BRATWZh23A5128YAOHqhXy

Fig. 26. Example of building UPI_10088000062656.5.0B.M1.D3 with 5 doors (object class 27)

onage_rurnure
{1 bridge_installation

in LoD3 representation, but zero in LoD2

stgres@PostgreSQL 12

>
>
» bridge_open_to_them_srf Query Edi Query History
* Ejbridge opening 1 eitydb.eityobject where gmlid LIKE 'UPI_10083600062656.5.08.M1%' AND objectclass_ID = 38
¥ (ibridge_room
3 []bridge_thematic_surface
> [Feitymodel
~ [Ficityobject Data Dutput  Explain = Messages  Notifications
> B CD'“m"_S an id objactclass_id amild
> k4 Constraints 4 [PK] integer intager character varying [256)
> fIndexes 1 2877484 38 | URI_10088000062656.5 0B M1, 03 JBPikcCkPWRRES1fGANT]
> (RLS Policies 2 2877486 38 JupI_ 08.M1.03JER; aynlZO0usjKe
>
Rules 3 2877488 38 | UFI_10088000062656,5 0B.1M1.03 JBR.0IBDKCTdLWEMBKOXLEES
> 3 Triagers 4 2877490 38 | UP1_1008B000062656.5 0B M1, 03 JBPm1 FAThOS1 20VieRHi3mB
m & iam
> [ cityobject_genericattrib -
» [ cityobject. member 5 2877492 38 | URI_10088000062656,5 0B, M1, 02 JBRpT rézWz762w4Pscdwil
> i eityobjectaroup 5 2877494 38 | UF1_10088000062656.5.0B.M1.03 JBRHoDawTGRICCISRCgHaC
» [idatabase_srs 7 2877496 38 | UPI_100BE000062656.5.0B M1 D3 )BRqBhOEwWyWxsQizswwOmKh
external_reference 8 2877498 38 | URI_100B8000062656.5.08.M1,03 JBRleye S SSBXLg2ELXDTIP
[ generalization 5 28577500 38 | UPLL100BE000062656.5.05.M1.03 JERVTMnGVERHDZEpVInvECK

& BB annade athinhioet

Fig. 27. Example of building UPI_10088000062656.5.0B.M1.D3
with a list of windows (object class 38), but zero in LoD2 (D2)
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This cross-scale query capability, which allows users to access information or
attributes from each pre-defined LoDs, is a key element in reducing the current
multi-scale data management constraint by using a scale unique ID. Its purpose is
to ensure data readiness in order to support a single viewer with multiple represen-
tation details. The fourth and last phase of the proposed workflow (Fig. 7) for single
visualization, however, encounters some limitations with the existing visualization
platforms as there is no desktop or web-based application support for this kind of
scale-management. For example, the well-known online platform 3D Cesium cannot
directly access the 3D PostgreSQL database, thus the model needs to be converted
into the 3D tiles format which is file-based. This file-based format is unable to sup-
port the scale unique ID or perform a cross-scale query for sub-class information
retrieval.

a)

Fig. 28. Example of final models: LoD1 (a), LoD2 (b), LoD3 (c) and LoD3 (d)
with textures for a building name of Wisma Perbadanan Kemajuan Pertanian Selangor
and are stored in the PostgreSQL database

Aside from the final results in the PostgreSQL database (LoD models such as in
Figure 28), several intermediate results (models) and formats were also generated
during the process.
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5.2. Intermediate Models

The intermediate models refer to the current practice in the industry, which
use and maintain the LoD models in respective proprietary formats and software.
The intermediate output include the quality control on accuracy and specification
of each CityGML LoD standards such as SketchUp files (as in Fig. 29), XML files —
FME software, CityGML (*.gml) format and migration results (e.g. Fig. 30). The qual-
ity control for each software and tool allows us to minimize errors (caused by the
modeler or by software interchange format) and accuracy acceptance tolerance
for each LoD as specially requested by clients, specific application needs, national
standard, and CityGML international schema. For example, JUPEM only tolerates
+0.3 meter difference between the building model and the measured point clouds
for LoD2 and LoD3 to fit their project objective.

The intermediate models also facilitate cross-scale queries of the textured based
model in LoD3 and LoD4. For example, in Figure 30, each rooftop texture, facade,
and building fixtures such as signboards, are stored and belong to which building
scale unique ID within the database. Figure 29 shows the process of model quality
inspection in FME software prior to migration. The migration of each CityGML LoD
into the PostgreSQL database using 3D CityDB must also be considered, particularly
in the case of migration errors and missing objects or mismatch between number of
objects before and after migration. Figure 31 shows a log report (3D CityDB), gener-
ated by a successful migration.

citygml feature role attr name  citygml feature role attr val  gml description

Fig. 29. Example of LoD3 with texture viewed in FME Data Inspector
as quality inspection (QC) before import to 3DCityDB

The procedures which integrate LiDAR 360-SketchUp-FME-3D CityDB-Post-
greSQL are highly cost-effective and create multiple levels of quality assurance (QA)
and, quality control (QC) at the same time. Using this approach, users can easily



90 H. Karim, A.A. Rahman, S. Azri, Z. Halim

monitor and control errors such as missing windows, textures in LoD3 and so forth
that arise during model construction and migration from one software to another.
The QA and QC of model quality monitoring in stages are essential since the con-
struction of the LoD models involves staffing and heavy workloads as it needs to be
done manually especially for LoD3 and, if applicable, for LoD.

PP CeBIREPCY PP B0V 20O9RS T TTEVOLO0H | =
PEGEOS e §RFRIO TT OO0 ST FEF | BB ARRB

7, 0

Fig. 30. Example of LoD3, with the texture of a building block
separated by building ownership (each lot) as a final result at SketchUp software

[ |
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] Processed gesmetzy cbjects: 33960
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Fig. 31. The LoD3 with texture model successfully imported into 3D database
(red dotted box is imported log report including number of building component
such as roof, door, windows, ground surface, building installation and others)

The proposed solution makes it easier to maintain and update work on a new
LoD building model’s geometry and attributes (delete, edit, add) than file-based or
generalisation techniques, because users do not have control over updating while
the function runs automatically. This is because the scale-unique ID enables faster
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searches for the intended LoDs of a particular building and reduces duplicated in-
formation key-in for all LoD tables. For multi-scale datasets, the maintenance effort
will considerably minimize costs, particularly in terms of time, workload (separate
updating for each LoD), and personnel. Reduced redundancy of multiple files al-
lows easier information retrieval regardless of scale. The cost of storage was simulta-
neously reduced with the reduction of redundancy in storage. Since the implemen-
tation of the model utilizes the open-source PostgreSQL database as its core-based
architecture, both 2D spatial (using the PostGIS extension) and 3D CityGML (City-
Object schema) can be integrated into one visualization platform. The capability of
the database in terms of query, level of user’s authentication, data security, backup,
performance and others are both the same for 2D and 3D, regardless of differences
in storage and machine specification.

Intermediate results of this process also produced other 3D file-based formats
such as SKP (SketchUp), GML, and XML, which are useful and major input formats
for current implementation in a variety of disciplines, such as mapping, urban plan-
ning, taxation, and local authority). Models developed with these formats can be
used before applying the proposed scale unique ID, and multi-scale data manage-
ment, if it decided to be implemented in any organization later.

If the new model is constructed using the CityGML 3.0, the new CityGML 3.0
can likewise be integrated later. [23] mentioned that their implementation of
the CityGML 3.0 model uses the 3D CityDB (new version) and thus could be in the
same CityObject schema of the PostgreSQL database as the current 2.0 model.
The scale unique ID should be introduced to each of the newest model for integration
(existing 2.0 with new 3.0) and efficient management. For integration (existing 2.0
with incoming CityGML v3.0) and efficient maintenance, the scale’s unique ID
should be added to each of the newest models. The lack of a visualization platform
capable of integrating 3D CityObject schema and data direct access from a database
is one of the key limitations of this study. This is because the visualization of a single
3D model capable of accessing information from other LoDs is relatively new within
the geospatial research community, since most practices utilize the tiling method
and lack 3D database and multi-scale integration. However, we firmly believe that
a single layer visualization supporting cross-scale information extraction via live
database integration (which is a better solution) will be realized in the near future.

6. Conclusion

This paper describes the development of the LoDs 3D buildings of the CityGML
model for better multi-scale data management. It introduces the scale unique ID as
one of the techniques to enable cross-scale information query where it can be ac-
cessed via a single viewer, such as in a customized 3D Cesium Ion. Updating attri-
butes for each LoDs becomes simpler, manageable, and cost-effective since it reduc-
es storage and maintenance. This work also offers integration of existing multi-scale
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2D datasets and/with 3D models of CityGML 3.0 for the improved sharing of in-
formation such as single database and single viewer. New updates and addition-
al LoD models such as LoD4, will be delivered and shared with various users in
real-time without the requirement for any versioning. We intend to extend the work
primarily on the visualization platform as the current platform can hardly support
a single LoD model with cross-scale information query.
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