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Nation Dlgltal Twin Application
Project in Taiwan Schema Design Case Study
Current 3D cadastral UML Application Detached House
building data in Taiwan Schema Congregate Housing
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Nation Digital Twin Project in Taiwan

Nation Digital Twin Project

National Base Map

I' Three-dimensional building data |
|

| ¢ Photogrammetry :
I * Topographic mapping :
| + Data managed by cadastral organizations

Property rights data

National Base Map

Ministry of the Interior (Mol)

Cadastre Database

cadastral maps == Two-dimensional parcels and associated land adminstration information.
° blllldlng data s> Tabular format conta:isining registration details.
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Nation D'gltal Twin PrOJect In Taiwan

TR . ... IO RS s

Building Data

Tabular format
containing
registration details

The Ministry of the Interior

"Towards 3D Smart Land - National Base Map Spatial Data Infrastructure Project"
‘ county (city) governments
Three-Dimensional Cadastral Building Integratlon Project

50 B A

O )
e

building number: 00427-013

» % -
3D cadastral building property model
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Current 3D cadastral building data in Taiwan

4

: . : : . different types of buildings
A 3D spatial representation and circulation strategy P 5
* Integrate current
Positioning points & A cadastral model of building properties
0,0 5 c HBums
Positioning points past TT1IITE
Singular point defined by 3D coordinates CltyG M L
 Assign 3D coordinates to each building number. Resill map o bibfing survey §-————— ]
* Manual adjustments (topology). T i
* The el;vatlon 18 estlmated: . . —— | r———— Wl v P
 Associated to the registration data (identifier). ; s s
Bef
o I 2021 Multi floor plans of building. Digital cadastral map-
After ; gg;lphow
A cadastral model of building properties Basic 3D building model-
Boundary representation | —— 'ld'l " "y
. g . e ctail buildmg modaehng. i i 2
* Main building and ancillary building (floor plan). : i S D e
11 thousand , » Extruding the height (construction plan). —
« Cadastral maps, aerial photograpfs, and DEM. 3D Cadsste bulkding modcl
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] . . sEamEEEn-
Application Schema Design CityGML

WHY ° CityGML 2.0 is an international standard that has modeled 3D city data.
* LOD can describe 3D buildings with different levels of detail.
* Integrate with other domains which also use CityGML 2.0.

\ d SHORT Building module, it falls short in adequately representing the diverse

cadastral characteristics from a semantic perspective. m %

‘ * Correspond to various property model. Include "building", "floor",
CityGML 2.0 ADE "building number", "main building and ancillary buildings". oo
* Record different types of buildings in Taiwan, such as townhouse detached
house, mansions, apartment, etc. - “
@

STRATEGY

 Cadastral building property model: CityGML 2.0 ADE.
* Positioning points of building numbers: GML 3.1.1(CityGML 2.0 does not

accommodate the use of 3D points for modeling Level of Detail 0 (LODO) buildingS)s
6



UML Application Schema

Property Building: Model the
characteristics of the property of a single
building.

Floor: Pertinent spatial extent and
attributes to an individual floor within a
building.

Building Number Management Unit:
Spatial extent and attributes associated
with a specific building number. Serves as
a fundamental reference in the proposed
schema, necessitating the establishment of
relationships with other feature classes.
Property Unit: Records the spatial extent
and attributes of both the main and
ancillary buildings corresponding to a
specific building number.
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pkg

L1

<<Feature>> 1

<<Feature>>

citygml::Building

i

<<ADEElement>>

1k + consistOfBuildingPart

1.1 <<Feature>>

citygml::CityObjectGroup

T

citygml::BuildingPart

<<ADEElement>>

PropertyBuilding

+ county : CharacterString[1)

+ parcel : CharacterString[1]

+ fileldentifier : CharacterString[1]

+ constructionDate : CharacterString
+ floorCount : Integer[1]

+ type : CharacterString[0..1]

+ alias : CharacterString[0..1]

+ GL : Decimal[0..1]

+ elevationDifference : Decimal[0..1]
+ elevationModel : ElevationModel[1]

1.0

+ registration

Floor

T

+floor ; CharacterString[1]
+floorHeight : Decimal[1]
+floorHeightSource : FloorHeight{1]

<<ADEElement>>
PropertyUnit

1.7
1.

+ buildingNumber : Integer{1]
+ booleanMainBuilding : Boolean[1]

+ accessoryBuildingType : AccessoryBuilding[0..1]

+height : Decimal[1]
+area: Decimal[1]
+floorLevel : CharacterString[1]

<<ADEElement>>
BuildingNumberAdminUnit

<<CodeList>>
ElevationModel

<<CodeList>>
FloorHeight

+01: relative
+02: absolute

+ 01 default
+02: measured

1"

+ parcel : Parcel[1."]

+ buildingNumber : CharacterString[1]

+ registerNumber : CharacterString[1]

+ registerDate : CharacterString[0..1]

+ address : CharacterString[0..1]

+ purpose : CharacterString[1]

+ material . CharacterString[0..1]

+ totalArea : Decimal[0..1]

+ buildingLicense : CharacterString[0..1]
+ constructionDate : CharacterString[0..1]
+ floorCount : Integer(1]

+floorLevel : CharacterString([1]

+propery | 1.7

<<CodeList>>
AccessoryBuilding

<<DataType>>

Parcel

+ Section : CharacterString[1]
+ LandMumber : CharacterString[1]




UML Application Schema

Property Building

* Inherit from the "Building" class, also cvomizButdng | —
inherit from the attributes of the T
" AbstractBuilding" class (Building class <<ADEElemert>>

. . . . . PropertyBuildin
itself inherits from the " AbstractBuilding" ro——

+ parcel : CharacterString(1)

class). + fileldentifier : CharacterString[1)
.. . . . + constructionDate : CharacterString
* Additional attributes: county/city, section * floorCount teger
. . . + type : CharacterString[0..1]
code, building number, completion date, ;;aspgga'm;ﬁmm .11
number of floors, building type, building o
alias, ground level (GL), elevation .
difference, and elevation model.
e The "GL" attribute records the elevation of |
N eqge o . <<CodeList>> <<CodelList>>
the terrain utilizing the coordinate Eevationtodel | |  FioorHeight
+ 01 : relativi +01: defaul
reference system TWVD2001. soz: oot |l | sozimasars

» This information provides useful height
reference to the building data.
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UML Application Schema

pkg p— = — 1=
Floor (L 1 1.2 + consistOfBuildingPart
. . .. . <<Feature>> 1 12 <<Feature>> 1.4 <<Feature>>
POlygon-baSCd bulldlng unlt 1S Organlzed citygml::Building citygml::CityObjectGroup citygml::BuildingPart
. . . 1 >

by 1nd1V1d}1al floors. | TS | T | TS
An extruding 3D model created based on <<ADEEkmert AL mies
either a predetermined height or the actual \ + foor CharacterStingl 1]

+ floorHeight | Decimal[1]
helght + floorHeightSource : FloorHeight{1]

Outer wall, ceiling, and floor defines a 3D

volume referred to as the "floor".

Derived from the "CityObjectGroup" class

including class, function, usage, and

geometry.

Employs the groupMember attribute tothe
CityObjects (including Building, |
BuildingPart).

FloorHeightSource: a codelist, based on a

standard floor height (e.g., 3.3 meter) or

the actual measured floor height. 9




Building Number Management Unit

UML Application Schema

Records the spatial extent and attributes
identified by a unique building number.
Inherit from the BuildingPart class of
CityGML, which also inherits from the
AbstractBuilding.

Additional designed attributes include
parcel, buidlingNumber, registerNumber,
registerDate, address, purpose, material,
totalArea, buildingLicense,
constructionDate, floorCount and
floorLevel.

.
pkg
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<<Feature>>
citygml::BuildingPart

L
<<ADEElement>>
BuildingNumberAdminUnit

10

+parcel - Parcel[1.”]
+ buildinghumber - CharacterString[1]
+ registerNumber - CharacterString(1)

4 +registerDate : CharacterString[0..1)

+ address : CharacterString{0..1)

+ purpose : CharacterStiing(1]

+ material : CharacterString[0..1)

+ totalArea - Decimal{0..1)

+ buildingLicense : CharacterStning[0..1]
+ constructionDate : CharacterString[0..1)
+ floorCount : Integer(1]

+floorLevel : CharacterString[1]
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UML Application Schema

Property Unit

L <<Feature>>
citygml::BuildingPart

Extend the BuildingPart class. | ctyomiBuiging | ygmi:iCityo
Inherits from the AbstractBuilding. 1 . * | - ] : s

(BuildingPart derives from the " - | ” ' <<ADEElement>>

. . ‘ I Build : PropertyUnit
AbstractBuilding). \ | * bukgngber - teger(]

. . . ; + booleanMainBuilding : Boolean([1]
Document the spatial extent and attributes el e Sk |
| | + eCl
of both the main and ancillary buildings. + eroa: Decimal 1]
. . . . N + floorLevel | CharacterString[1]

Building number, booleanMaineBuilding,

the type of ancillary building, height, area,
and floor level.

The boolean attribute serves to specify
whether the property described is
classified as a main building or an
ancillary building.

11



UML Application Schema

BuildingNumber

The geometric data refers to the GM_Point
class as outlined in [SO 19107.

Derived from building registration data and
encompass parcel, buildingNumber, address,
registerDate, registerReason, purpose,
material, totalArea, floorCount, floorLevel,
constructionDate, buildingLicense,
floorHeightSource, and elevationModel.
Floor height: differentiates between default
and actual floor heights.

ElevationModel: specifies whether the height
information is relative to the terrain.

p (adastres
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pkg

<<Feature>>
BuildingNumber

<<DataType>>
Parcel

+ Geometry : GM_Point |

+ parcel : Parcel[1]

+ buildingNumber : CharacterString[1]

+ address : CharacterString[1]

+ registerDate : CharacterString[0..1]

+ registerReason : CharacterString

+ purpose : CharacterString[1]

+ material : CharacterString[0..1]

+ totalArea : Decimal[0..1]

+ floorCount : Integer[1]

+ floorLevel : CharacterString[1]

+ constructionDate : CharacterString[0..1]
+ buildingLicense : CharacterString[0..1]
+ floorHeightSource : FloorHeight[1]

+ elevationModel : ElevationModel[1]

+ Section : CharacterString[1]
+ LandNumber : CharacterString[1]

<<CodelList>>
FloorHeight

+ 01 : default
+ 02 : measured

<<CodelList>>
ElevationModel

+ 01 : relative
+ 02 : absolute

12
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Case 1: Townhouse

Townhouse- three-story building

<cityObjectMember>

registration
B PropertyBuilding _____ PropertyUnit-Main

<cityObjectMember> building (1F)

Floors-1F — BuildingNumberAdminUnit
<cityModel> [— <cityObjectMember> | PropertyUnit-

Floors-2F —+ BuildingNumberAdminUnit Ancillary building (1F)

<cityObjectMember> R
Floors-3F — BuildingNumberAdminUnit .

S~

13 The same building number




Case 2: Congregate Housing

Congregate Housing - seven-story building

<cityObjectMember>
—  PropertyBuilding
<cityObjectMember> 3
Floors-1F —1—
<cityModel>

<cityObjectMember>

registration

BuildingNumberAdminUnit-1F-A  —

BuildingNumberAdminUnit-1F-B =

— BuildingNumberAdminUnit-1F-C
Floors-2F -
— BuildingNumberAdminUnit-2F-A
. .
* The different building number
<cityObjectMember>
Floors-7F -1

=T

BuildingNumberAdminUnit

-

21 B0l (addagtre -

___ PropertyUnit-Main
building(1F-A)

|| PropertyUnit-Ancillary

building (1F-A)

| PropertyUnit-Main

building(1F-B)

|| PropertyUnit-Ancillary

building (1F-B)
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Current 3D cadastral building data in Taiwan

@0

A 3D spatial representation and circulation strategy

Positioning points & A cadastral model of building properties

0o ©0

Positioning points

 Singular point defined by 3D coordinates

¢ Manual adjustments (topology).
* The elevation is estimated.

Before

After

| 2021

5N

Earvazem g
"ﬁiﬁﬁiii

Boundary representation

11 thousand

» Associated to the registration data (identifier).

A cadastral model of building properties

* Main building and ancillary building (floor plan).
 Extruding the height (construction plan).
« Cadastral maps, aerial photograph®, and DEM.

international standards
Clear semantic meanings
different types of buildings

e Assign 3D coordinates to each building number.

Integrate current
past
3D spatial
representation standard models
interoperability
NEEErs
samEEEn=

Result map of building survey. f----------- )
- . CityGML
Construction plans-  [—>  Floor plan of building. ‘"J: Attrbute data. |
v
Muli floor plans of building. fe—{ Disital cadastral map-

Aerial photo-
DEM.

=I| Basic 3D building model. |

Detail building modeling. f¢—| Field reconnaissance

L

]
3D Cadastre building model-
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* Assign to each

. is mandated to possess

 The of the are calculated as a

. are made by referencing :

» A building comprises multiple floors, each : the 1initial values
may coincide and require :

» A single building (e.g., a townhouse):

corresponding to the floor is recorded (first floor or basement).

* The of the building positioning points is estimated based on the , with
the elevation determined by the of that floor.

* The actual floor height is unavailable from the building's , a predetermined == I_I A

floor height is utilized instead.

The generated building number positioning points are linked to building registration data
and disseminated in shapefile format.

The establishment of building positioning point data for buildings registered prior to 2021
will be completed by 2025.

16



Verification project

Assessing and ensuring the quality of the completed data. Q
Phase 1 Inspection: Systematic checks with registration data. coordinate system, attribute schema, )
A thorough evaluation to ascertain the consistency of the building | (¢ quantity of building numbers.

number positioning points with the building registration data.

~
Phase 2 Inspection: Evaluation of Location and Attributes. It is essential that the positioning points
are situated within the designated land

An 1nitial assessment 1s conducted to determine whether the and the corresponding buildings.

location of the building number positioning points adheres to
the requisite topological constraints.

N
Phase 3 Inspection: Review from a Property Perspective. i Rl 4 g T D [POSTEIIG [PORS e

J

accurately located within the building units.

J

Subdivided into two components:
a) automated checks - identify overlapping building number point locations at the same level.
b) manual verification - is the location of the building number point aligned with the floor?
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The automatic check patterns of errors by S09

Pattern Explanation Color
Not within parcel Building number positioning point is not within pink
the related parcel.
Not within building Bulldlng npmber posmqmng point 1s got within light blue
the building polygons in the electronic maps.
: : The attribute value of building number do not
Attribute mismatch match the content in the cadastral database. blue
Share the same Building numbers at the same floor share the same
: : orange
coordinates coordinates.
Redundant/repeated Every building number corresponds only one reen
positioning points positioning point. g
Multiple errors More than two types of errors found red

18
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Conclusion

3D cadastral building data - creation and sharing

N I} L3 [ irsy
Sy
gi‘f’:l

sonding building

A 3D cadastral building property model and the corre

3D Model number positioning points have been developed to accommodate registered
building data from both before and after 2021. " '{E@iz
Standard The proposed schema categorizes building units into four classes, ba@) o 3
the extension of the CityGML 2.0 Building module. \ \@@/
. The design ensures that 3D building data in Taiwan, derived from both
Compatible

survey and cadastral domains, 1s compatible, with. CityGML 2.0 standards.

An advantage of 3D cadastral building data s its capacity to provide
Application household-level geospatial reference, which enhances theé potential for smart
city and digital twin applications through precise positioning.

19
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Thank You For Listening

CONTACTS
Name: Hong, Jung-Hong
Institution: Department of Geomatics, National Cheng Kung University

Address: No. 1, Daxue Rd., East Dist., Tainan City 701401, Taiwan (R.O.C.

Phone: +886-939682845
E-mail: junghong@mail.ncku.edu.tw
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