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1. Introduction & Related work
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3D City Models
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Possible Interactions with
3D City Model data from QGIS

* Casel:checking only geometries

 Case2:click onone geometry to retrieve attributes
o read-only
o read-write R

 Case3:retrieve feature geometries with “inline”
attributes

o read-only

o read-write
- ID




Thesis Background

....:.:: Conceptual Data Model

v.2.0(2012) 'y  v.3.0(2021)

CityGML .
% o Standards to represent city objects Fundamentalchangesin

data model
SQL Data Encoding V.A.X y v.5.0
D o Requires SQL skills to access the data Different database
schemas
Data Interaction via GIS layers v.8.X v Thesis goal
o Intuitive data usage Adding support to the new
3DCityDB-Tools 3DCityDB 5.0

Plug-in for QGIS



Related Work - CityGML
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% o Standards to represent city objects Fundamentalchangesin

data model



CityGML

Example: Vegetation module

<<Geometry>>
agml:: Geometry

<<Feature>>
core::_CityObject

T

<<Feature>>
_VegetationObject

CityGML 2.0

<<Object>>
core::ImplicitGeometry

lod1Geometry * lod1MultiSurface
<<Feature>> <<Feature>>
0..1 | lod2Geometry . SolitaryVegetationObject PlantCover lod2MultiSurface | 0..1
. |*class : gmi::CodeType [0..1] +class : gml::CodeType [0..1] >
lodSGeometry +unction : gml::CodeType [0.."] +unction : gmi::CodeType [0.."] loBMUOuTuce
lod4Geometry «|+usage : gml::CodeType [0.."] +usage : gml::CodeType [0.."] loddMultiSurface
+species : gml::CodeType [0..1] +averageHeight : gml::LengthType [0..1]
lod1ImplicitRepresentation _+|*height : gmi::LengthType [0..1] lod1MultiSolid
+trunkDiameter : gml::LengthType [0..1] 0.1
0..1|_lod2ImplicitRepresentation _*|+crownDiameter : gmi::LengthType [0..1] lod2MultiSolid
lod3ImplicitRepresentation « lod3MultiSolid
lod4implicitRepresentation  * lod4MultiSolid

CityGML 2.0 Vegetation Module [Figure from Kolbe et al., (2012)]

<<Geometry>>

= gml::MultiSurface

<<Geometry>>
gml::MultiSolid




CityGML

. ; : (; ™
Core module RosraciGyOtjct ||, “ouBe 4 B RostactSpoceBoundary
«FeatureTypes GM_MaPrimitve «FestureTypes
AbstractSpace +od2hasSutace dype +od IMuitiSurface AbstraciThematicSurface
" «Propedys ; «Property»
+od1Solid +HodIMutSuface GM_MultiSurface HodMutiSuface
0.1 «Propertys 3 p «Property» «Property»
Geometricprimitivez: | | 0 psoioigllll ¥
GM_Solid +od3Salid feature GM_MaPrimitive feature
Progertys . +Hod2MuitiCurve dypes +HodOMutiCurve
s Geometricaggregates:: | ' ePropertys
HodWMutiCurve GM_MultiCurve
" IIP a b m
srefecencePoint GM_Primitive | 0.1 Propertys 0.1
Progertyr ! dypes +od 1 TemanintersectonCurve
Geometric primitive:: > A «Propertys & -
«FeatureTypes Propurtys +pointCloud
AbstractPhysicaSpace +iod3TemanintersectonCurve ety I, 01
kil o RostractFeature
Propertys 01 «FeatureTypes
i AbstractPointCloud
Geometry root::
GM_Otyect ?
+relatveGeometry 0.1
«Property» «FeaureTypes
AbstractOccupiedSpace
M o . . .
«ObjectTypes rgcifapreseriation
implicitGeometry i
+od2imgiictRepresentation
Propertys
+ ojediD:ID b i
+  transformationMatric TransformationMatrixdxd 0.4 | todsimpiciRepresertaton
+  mimeType: MimeTypeValue [0..1) Propertys
+ IdraryObject: URI [0..1] <

CityGML 3.0 Core module [Figure from Kolbe et al., (2021)]

CityGML 3.0

Lod2 roof
Lod2 v Lod 2
Wall Wall
Lod2 Solid
Building
LoD: Level of Detail 9




Related Work - 3DCityDB

SQL Data Encoding

v.4.X 4 v.5.0
D o Requires SQL skills to access the data Different database
schemas

3D City Database
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CityModel

Database_SRS
|l
[

External _
CityObject_ Reference
Generic_ GenericAttrib EE==
CityObject bIEE
Waterboundary_ E Obgectle Genricm

Surface

Waterbod_To_ —
Waterbnd_Srf [

Waterbody

Land_Use EE

Solitary_
Vegetation_
Object

Gty
Furniture |

Tunnel_
Installation

Furniture =
Building_

Tunnel_Opening Fumit
urniture

Opening

F— CityObject_
Member CityObject
Group
Group_To_
CityObject -
BE=E

=

Appearance

—— Appear_To_
== Surface_Data

l--- EEE Tex_Image

Surface_Data

[ vextureparam == Grid_Coverage RDT

= (Qracle anly}

Rellef

Surface_

Address

Implicit_ Grid_

Geometry Geometry Coverage

Bridge_
Opening

Feat_To_
Rel_Comp

Relief_Component

Transportation
Traffic _Complex
ant  _Area

Bridge_

EE Installation

] Bridge
=] Room

Bridge_
Furniture

3DCityDB 4.x

EEEE Raster_Relief
/=3 Masspoint
L] Relief

Breakline

1 Relief

TIN_Relief

3DCityDB

Feature

Versions

Property

Geometry

3DCityDB 5.0

Appearance
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CityModel Appearance
Database_SRS
3 ——— EE==
A —
I
External _ —— Appear_To_
CityObject Reference - Surface_Data
Generic_ GenericAttrib EE==
CityObject {7 !EE [ Tex_Image
Waterboundary_ E== Surface_Data
Surface —
jaterl ) ——y Eﬁxmreparam = Grid_Coverage_RDT
Waterbnd_Srf (1] L= H [

Waterbody

Land_Use E:
=

Plant_
Cover|

Solitary_

Vegetation_ IEE

Object

Furniture |- ——

3DCityDB 4.x

* Quick facts

IEE Raster_Relief

= Masspoint
L 1 _Relief

= Breakline
L Relier

IEE TIN_Relief

o 66 tables

o Standard attributes are mapped to joined tables
(e.g. CITYOBJECT + BUILDING tables)

o Generic attributes are mapped to one EAV table
(CITYOBJECT_GENERICATTRIB table)

o All surface geometries are decomposed into
polygons
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Buildings mapped in 3DCityDB 4.x

« CITYOBJECT

Attributes
A
id N fnhjectclass_id P gmilid P name P description P 0 envelope -::lraati-::n_datg .
[PK] bigint integer character varying (256) character varying (1000} character varying {4000} geometry timestamp with time zone
1 26 | id_box_building_26 Box building 26 This is a simple, primastic bui.. 0103000040407 ... 2024-06-19 14:51:28.752189+02
2 12 23 | id_greup_1 Ancillary buildings group This greup contains all ancill... 2024-06-19 14:51:28.757549+02
)
2Lliboliie Attributes
id N Tnhjectclass_id P hyi!ding_rnotjd P class P funr;tircmf P Iq:ldp_fmtprlnt._id quj_salid_id P
[FK] bigint integer bigint character varying {256) character varying (1000) bigint bigint
@ 2 1 1 4
2 3 26 3 | habitation residential building 35 44
3 4 26 4 | traffic hangar 18 21
4 5 26 5 | habitation residential building 41 58
5 26 26 26 145 190

13




Buildings mapped in 3DCityDB 4.x

* CITYOBJECT _GENERICATTRIB
Foreign keys

Generic attribute names Generic attribute values feature ID
1 1
id N n:lm.t_ganattrlh_id P attrname P 1:Iatatg.rpra strval !nmal urival 1:Ilata~.ral . unit 0 geomval 3LIJrfam_genmetry_id P cft:.fnbjact_id
[PK] bigint bigint character varying (256) integer character var integer character var timestamp wi character var geometry bigint bigint
1 33 33 | lod_max 2 0
N 31 | n_adjacent_buildings 2 0
- 16 16 | lod2_volume & m*3
4 75 75 | test_integer_att_group 2 12345 2
5 77 77 | test_real_att_group 3 i
B 63 63 | test_measure_att_group & kM 2
7 73 73 | test_uri_att_group 4 https:/fen.. 2
8 a1 81 | test_string_att_group 1 Thisisat. i
9 79 79 | test_date_att_group & 2020-08-... 2
10 65 65 | lod_max 2 2 3
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Buildings mapped in 3DCityDB 4.x

* SURFACE_GEOMETRY

Example: 1 solid Foreign keys
decomposed into polygons feature_ID
A
I[IIF:‘-i‘K] bigint Ehmal::cter varying (256) ’ !b’?gr;r:t—ld ’ :;tr—u:d :';sn.l_r::l::‘i‘]c ’ l‘] zzlc::ln_eg::mmw & [l g::ﬁg & [' ?:E:?Eﬁ:smmmw a EE:?FCU"

1 1 id_lod0_MultiSurf_26 (A 1 0 [null] [Ful] [Fuat]] 1
2  id_lod0_Polygon_26 1 1 0 [null] 01030000A04071000... [ru] 1
4 id_led1_Solid_26 [null] 4 1 | 010F0000AC407100000...  [null] [Full] 1
5 id_lod1_CompSurf_26 4 4 0 | [ul [l [l 1
E 6 id_lod1_Polygon_37 5 4 0 | [Aull] 01030000A04071000... [Aull] 1
7 id_lod1_Polygon_38 5 4 0 | [null] 01030000A04071000... [ruall] 1
8 id_lod1_Polygon_39 5 4 0 | [nutl] 01030000A04071000_. | [null] 1
9 id_lod1_Polygon_40 5 4 0 | [nut 01030000A04071000.. | [null] 1
m 10 id_lod1_Polygon_a1 5 4 0 | [hut 01030000A04071000.. | [null] 1

10 11 id_led1_Polygon_42 5 4 0 | [null] 01030000A04071000... [Full] 1

11 18 id_building_3_footprint_multisurf_1 [rull] 18 0 [null] [Full] [Full]

12 19  id_building_3_polygon_3 18 18 0 [aull] 01030000A04071000... [Aull] -
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Feature

I

Geometry

Property

—
=

Appearavce

3DCityDB 5.0

Quick facts
o 18 Tables

o All attributes are mapped to only one EAV table
(PROPERTY table)

o All surface geometries NOT decomposed into polygons
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* FEATURE

id .
[PK] bigint ¢

NI

2

* PROPERTY
id i
[PK] bigint £
1 1
z
:
E 4
s
6 ;
;
s :
El :
:

objectclass_id , objectid
integer text
901 id_building_09-10
902 id_buildingpart_09
feature_id | parentid _ datatype_id
bigint bigint integer
1 22
1 14
1 17
1 &
1 3
1 3
1 7
1 702
1 8 17
1 8 &

Buildings mapped in 3DCityDB 5.0

. identifier _ identifier_codespace envelope creation_date
text text 4 I:l geometry o timestamp with time zone
01030000A040710000... 2022-03-02 01:00:00+01
01030000A040710000... 2019-11-17 01:00:00+01
Attribute names Attribute values
namespace_id , name . val_int . val_double . | val_string
integer text bigint double precision text
1| description This is multi-part Building 9-10
1| name Jabba's multi-part Palace
3| lod2_volume 2500
3| lod_max 2
3| n_adjacent_buildings 0
3| num_residents 45
8| dateOfConstruction
8| height
8| value 15
8| status measured

17



Buildings mapped in 3DCityDB 5.0

* GEOMETRY DATA

Example: 1 solid directly Foreign keys

stored feature_ID
id N 0 geomet a8 0o implicit_geometry 8 genn‘netry_pmparﬂas fﬁaFurLId
[PK] bigint geometfy geometry json bigint
1 1  01060000A0407100000100..  [null] {"type":8 cbjectld":"id_building_9_footprint_multisurf_1"...
2 | 010F0000AD407100000600... | [null] {"type":9"objectid":"id_building_09_lod1_Solid_9" "childr...
3 3 01060000A04077100000700.. [Full] {"type":8"objectid""id_building_9_roofsurface_1_lod2_g.. 3
4 260 [null] 01060000800A00000001030000...  {"type":8 objectld""id_lod1_multisurf_tree""children:[{"t... 264
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Related Work - 3DCityDB-Tools for QGIS

Data Interaction via GIS layers v.8.X v Thesis goal
A o Intuitive data usage Adding support to the new
3DCityDB-Tools 3DCityDB 5.0

Plug-in for QGIS

19



(Current) 3DCityDB-Tools for QGIS

* Create “layers” that follow Simple Feature for SQL (SFS) model
o i.e. one geometry has all attributes associated in a simple table

* Currently developed for 3DCityDB 4.x, and works only on PostgreSQL version

e © . .— ' ( ane rh_va_bdg_lod2 — Features Total: 20611, Filtered: 29511, Selected: 1
. / ) P 0§ LYE OS5 yE & 0&
Paege Potarssss, Database ID GRAL 1D GML codeipacs Mama Mama codsipacs Degcription Creaticn date Tarmination dabe Raelatios 1o terrain  Relatie ton®

1 63465 MLIMBAG.Pa.. NULL Building 209... MNULL MUALL 18-01-2024 11:27:09 MNULL (City)Object ... MULL

2 63462 NLIMBAG.Pa.. NUL! Building 209... NULE MLILL 18-01-2024 11:27:09 Mt (City}Object ... A

3 G3I7ET NLIMBAG.Pa.. NULL Building 209 MLILE MLILL 18-01-2024 11:27:09 NULL (CitylObject

. 4 G39E2 NL.IMBAG.Pa.. NLULI Building 209... NULL WLALL 18=01=2024 1:27:09 LI {City)Object ... NULL

. [ 63473 NL.IMBAG.Pa.. NLUL! Buildineg 2089... NULL NLILL 18-01-2024 11:27:09 MULL {City)Object ... A
. & B3488 MNL.IMBAG.Pa.. NULE Building 209... NULL MLAL L 18-01-2024 1:27:09 WULL (City)Object ... AL
7 63766 NL.IMBAG.Pa.. NLULL Building 208... NULL WLALL 18-01-2024 11:27:09 NULL (City)Object ... ANLALE
8 64264 NLIMBAG.Pa.. WNULI Building 208... NULE WLILL 18-01-2024 11:27:09 MWULL (City}Object ... NLULE

@ 63751 MLIMBAG.Pa.. NULL Building 209... M M 18-01-2024 19:27:09 {CityObject .. M
L] 63681 NLIMBAG.Pa.. NLILL Building 209... NULE MLALL 18-01-2024 11:27:09 (City)Object ... NLUILE

. . ‘ n 63859 NL.IMBAG.Pa.. NULL Building 209... NULE MLALL 18-01-2024 11:27:09 WULL (CitylObject ... A

g 3 G120 MLIMBAG.Pa.. NULI Building 20§... NULI NLALL 18-01-2024 112709 LA (City)Object .. N
@ 1 G4487 NLIMBAG.Pa.. NULL Building 209... MULE NUILL 18-01-2024 112709 WULL (City)Object ... ML
i 3980 NL.IMBAG.Pa.. NULE Building 209... NULL MLAL L 18-01-2024 1:27:09 WULL City)Object ... ML
‘ 1% 63463 ML.IMBAG.Pa.. NULL Building 209... NULL WLALL 18-01-2024 1%:27:09 WULL (City)Object ... AL

® - *
. . Show Al Features

20



SQL Views & Materialized Views (MatView)

* Current plug-in uses MatViews for geometries, and views for attributes

MATERIALIZED VIEW
Srer e SQL statement saved SELECT Result of SQL statement
WHERE i — saved as temporary table
Refresh
Return Scan &
result Re-run Return Scan
result
SaL SQL
4 (/) - : .
== Usually longer query time = {2 | Shorter query time with large data
l with large data l Refresh time and storage consumption
Return Return

result result

21



Research Questions

How does the new 3DCityDB 5.0 affect the current method of the plug-in to create layers ?

Sub-questions:

« How do the new CityGML 3.0 concepts of space, LoD affect the process ?
 Withregards to geometries, can the same or a similar approach be reproduced ?
o With regards to attributes, can the same or a similar approach be reproduced ?

« Howisthe CityGML 2.0 data mapped to the new schema of 3DCityDB 5.07

22



2.Methodology & Implementation (Part 1)

Q

sEEEEEN =
sEEpEEENEn

CityGML

3DCityDB 5.0
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FREPARATION

Creale ggis_phkg schama
Insiall FLApgS0L Tunchions

.

Crealts Metadata Tables

v

Craahs user gchema

’

Ingert | Update Extent lor
wiew generatan

-

FEATURE GEOMETRY

FEATURE ATTRIBUTE

Methodology

* Feature Geometry

& LoDs

o fillup metadata table
o Create (materialized) views of feature geometries

o Check existence of feature geometry representations

Check axigtencse of LolDs represantations
with OCBJECTCLASS D

Fill Geomatry Matadata table

Check exiglente of attributes and types
with OBJECTCLASS D

Fill Attribuie Metadata tabls

L

F

Craahs Views or Materialized Views of
Feature Geomstry

Craale Views or Malerialized Views of
Feature Atribule

GlE LAYERS CREATION

*  Join Geometry views with

Aftribute views

Feature Attribute
o Check existence of feature attributes and “types”
o fillup metadata table
o Create (materialized) views of selected attributes

o GIS Layer Creation

o Join (materialized) views of feature geometries and

attributes to create GIS layers

24




Check geometry of Space feature
(Building 901)

SELECT DISTINCT

f.objectclass_id,

p.name,

p.datatype_id,

p.name,

p.val lod
FROM citydb.feature AS f

INNER JOIN citydb.property AS p ON f.id = p.feature_id

AND f.objectclass_id = 901 ',sql where,’

WHERE p.datatype_id IN (11,16)

AND p.val lod IS NOT NULL;

Dynamically replaced by the PL/PgSQL functions

Check Existence of Geometries

Check geometry of Boundary feature
(Roof Surface 712)

SELECT DISTINCT
fl.objectclass_id AS parent_obejectclass_id,
f2.0bjectclass_id,
p2.name,
p2.datatype_id,
p2.name,
p2.val lod
FROM citydb.feature AS f1
INNER JOIN citydb.property AS pl ON fl.id = pl.feature_id
AND pl.name = 'boundary' ',sql_where,’
INNER JOIN citydb.feature AS f2 ON f2.id = pl.val feature_id
AND f2.objectclass_id = 712
INNER JOIN citydb.property AS p2 ON f2.id = p2.feature_id
AND p2.datatype_id = 11;

25



Feature Geometry Metadata

id oy cdb_schema bbox_type Iparent_nhjactclaas_ld P parent_classname nlnhjectclassjd P classname / n!:latatypaJd / geometry_name P lod / geometry_type P
[PK] bigint character varying ©  character varying integer character varying integer character varying integer text text text
86 citydb db_schema o - 901  Building 11 lodOMultiSurface 0 MultiSurface
14 87  citydb db_schema o - 901 Building 11 lod1Salid 1 Solid
15 88 citydb db_schema o - 1301 SolitaryVegetationObject 16 lod1implicitRepresentation | 1 ImplicitRepresentation
16 89  citydb db_schema o - 1301 SolitaryVegetationObject 16  lod2IimplicitRepresentation | 2 ImplicitRepresentation
17 90 citydb db_schemna o - 1301 SolitaryVegetationObject 16 lod3lmplicitRepresentation | 3 ImplicitRepresentation
18 91 citydb db_schema o - 902 BuildingPart 8 address 0 MultiPaint
19 92  citydb db_schemna o - 901 Building 8 address 0 MultiPaint
20 144 rh_vws db_schema 901  Building 15 ClosureSurface 11 lod2ZMultiSurface 2 MultiSurface
21 145 rh_ws db_schema 902  BuildingPart 15 ClosureSurface 11 lod2MultiSurface 2 MultiSurface
22 146 rh_vs db_schema o - 500 ReliefFeature 3 lod 1 Envelope
23 147 rh_vs db_schema o - 502 TINRelief 11 tin 1 tin
24 148  rh_vs db_schema 901 Building 709 WallSurface 11 lod2ZMultiSurface 2 MultiSurface
25 149 rh_vs db_schema 902  BuildingPart 709 WallSurface 11 lodZMultiSurface 2 MultiSurface
26 150 rh_vs db_schemna 901  Building 710 GroundSurface 11 lodZMultiSurface 2 MultiSurface
27 151 rh_ws db_schema 902  BuildingPart 710 GroundSurface 11 lod2ZMultiSurface 2 MultiSurface
28 152  rh_v5 db_schema 901  Building 712 RoofSurface 11 lod2ZMultiSurface 2 MultiSurface
29 153 rhovs db_schema 902  BuildingPart 712 RoofSurface 11 lod2MultiSurface 2 MultiSurface
30 154 rh_vs db_schema o - 901 Building 11 lodOMultiSurface 0 MultiSurface
31 155  rh_vs db_schema o - 902 BuildingPart 11 lodOMultiSurface 0 MultiSurface
32 156 rh_vs db_schemna o - 1301 SolitaryVegetationObject 16 lodlImplicitRepresentation | 1 ImplicitRepresentation
33 157 rhovs db_schemna o - 1301 SolitaryVegetationObject 16 lod2implicitRepresentation ImplicitRepresentation
34 158  rh_ws db_schema o - 1301 SolitaryVegetationObject 16 lod3lmplicitRepresentation | 3 ImplicitRepresentation
! LoDs & geometry

(Parent) Classes representations 26



Layers

* When it comes to feature geometries, users can select:
v’ Desired LoD
v’ Desired geometry representation

@

« § @ T &-BF0

v vl @
v

v

il
v
v
1 SolitaryVegetationObject
v
v @

v

citydb

Building
B _o_citydb, roofsurf_lod2_Mul
B _g_citydb_bdg_lod1_Solid

. _g_citydb_sol_veg_obj_lod3_ImplicitRepresentation
Relief
=

_g_citydb_rel_tin_lod1_tin

23.72,5.32, 13.72

_g_citydb_bdg_roofsurf_lod2_MultiSurface

B8 A [

Browser
LRT®ToO _g_citydb_bdg_roofsurf_lod2_MultiSurface — Features Total: 20, Filtered: 20, Selected: 1
~ = citydb_v6 - [~ 1 & & " T E D ¥ E = Q@
3 ;;1 alderaan_vs f_id = f_object_id
=R 1 21 id_building_3_roofsurface_1
= citydb_pkg L
» = denhaag_v5 2 22 id_building_3 _roofsurface_2
» E public —
~ £ qgis_bstsai 3 29 id_building_7_roofsurface_1
) _g_citydb_bdg_closuresurf_lod2_MultiSurface B 20 id_building_7 _roofsurface_2
) _g_citydb_bdg_groundsurf_lod2_MultiSurface |
_g_citydb_bdg_lod0_address B 38 id_building_1_roof surface_1
9 _g_citydb_bdg_lod0_MultiSurface —
) _g_citydb_bdg_lod1_Solid 6 39 id_building_1_roofsurface_2
) _g_citydb_bdg_part_closuresurf_lod2_MultiSurface 7 246 id_building_8_roofsurface_1
' _g_citydb_bdg_part_groundsurf_lod2_MultiSurface — - —— -
_g_citydb_bdg_part_lod0_address 8 47 id_building_8_roofsurface_2

) _g_citydb_bdg_part_lod0_MultiSurface

2 _citudh_hda_nart_Ind1_Snlid b

"~/ show All Features |

Orbit M distance

v

Visualised Geometry (Mat)Views

X 4
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Test Datasets

Numberof  Database CityGML

Dataset (Country) Hmuar " CityGML Modules LoDs G
Features Schema Size Version

Alderaan () 273 4.3 MB  Building Vegetation, Relief 01,2 2.0

Bridge, Building, CityFurniture,
Railway (-} 235 3 MB Genearics, Relief, Transportation, 3 2.0
Tunnel, Vegetation, WaterBody

Tokyo (JP) 39,865 84 MB  Building 01,2 2.0

Rijsen-Holten (ML) 827,105 3.3 GB  Building Vegetation, Relief 2 2.0
Building Vegetation, Relief,

Vienna (AT) 7,512,786 ag gg - O'nE. Vegetation, Retle 1,2 2.0
LandUse, Generics

FZK-Haus(-) 85 3.7 MB  Building Construction 2 3.0

Munich

s _ 285 1.4 MB  Transportation 2 3.0
Transportation{DE)
Mew York Lity 7,179 18 MB  Transportation 2 3.0

Transportation{Us)

(-) Artificial datasets 28



Vienna

Rijsen-Holten

Rijsen-Holten

Relief Component
(LoD3 TIN)

Choice of View or MatView for Geometries

Space & Relief Component features with geometries (Buildings, TINS)

00:48.0
I 00:32.9
I 00:33.6

03:01.1
(Feature number: 1,815)
P 00:15.3
I 01:28.4
00:09.4
. B 00:05.1 3DCityDB v.5.0 Materialized View Refresh time
Relief Component Bl 00055
(LoD1 TIN) e
(Feature number: 4,941) 00:15.2 B 3DCityDB v.5.0 Materialized View Query time
B 00:02.7
B 00067 B 3DCityDB v.5.0 View Query time
00:04.1 3DCityDB v.4.x Materialized View Refresh time
Building f o00:01.8
uitain
(LoDO Multi-Surface) O 001'02-7 H 3DCityDB v.4.x Materialized View Query time
(Feature number: 30,449) 00:03.1
00:00.2 m 3DCityDB v.4.x View Query time
| 00:01.0
TIME UNIT: MM:SS.S 00:00.0 00:43.2 01:26.4 02:09.6 02:52.8

03:36.0
29



Vienna

Rijsen-Holten

SolitaryVegetationObject

Choice of View or MatView for Geometries

Space features with implicit geometries (Trees)

00:16.4

| 00:01.4

. 00:08.2

(LoD2 Implicit Representation)

(Feature number: 187,360)

SolitaryVegetationObject

00:17.2

I 00:01.4

B o0:08.9

W 00:09.1

3DCityDB v.5.0 Materialized View Refresh time
m 3DCityDB v.5.0 Materialized View Query time
B 3DCityDB v.5.0 View Query time

3DCityDB v.4.x Materialized View Refresh time
m 3DCityDB v.4.x Materialized View Query time
B 3DCityDB v.4.x View Query time

06:44.8

I o3:47.1

(LoD3 Implicit Representation)

(Feature number: 58,515)

TIME UNIT: MM:SS.S

H 00:07.2

01:24.7

B oo:409

00:00.0

00:43.2

01:26.4

02:09.6

02:52.8

03:36.0

04:19.2 05:02.4 05:45.6 06:28.8 07:12.0
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Vienna

Rijsen-Holten

Choice of View or MatView for Geometries

Boundary features with geometries (Building walls)

03:06.9

- 00:12.4
sutdngpart WalSurtace | 159

(LoD2 Multi-Surface)
(Feature number: 4,085,091) 02:11.0

U 00008
IR o093

3DCityDB v.5.0 Materialized View Refresh time

m 3DCityDB v.5.0 Materialized View Query time

01:13.2
W 00:03.6 W 3DCityDB v.5.0 View Query time
e roaoartoce [l oooas 3DCityDB v.4.x Materialized View Refresh time
(Feature number: 555,459 | o - . m 3DCityDB v.4.x Materialized View Query time
. ‘00105_3 W 3DCityDB v.4.xView Query time
TIME UNIT: MM:SS.S 00:00.0 00:43.2 01:26.4 02:09.6 02:52.8 03:36.0
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Feature Geometry: Results

* When it comes to feature geometries, it is not necessary to create materialized views for all
representations

o Optional with space geometries (different from implicit representations)
o Still needed for implicit representation, and boundary geometries
o Itis stillreasonable to use materialized views for accessing geometries

* Inthe server-side plug-in of this research, users can select
o Desired geometry representation
o Desired LoD
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FREPARATION

Creale ggis_phkg schama
Insiall FLApgS0L Tunchions

.

Crealts Metadata Tables

v

Craahs user gchema

’

Ingert | Update Extent lor
view ganaralian

¥

FEATURE GEOMETRY

Methodology

* Feature Geometry

o Check existence of feature geometry representations
& LoDs

o fillup metadata table
o Create (materialized) views of feature geometries

FEATURE ATTRIBUTE

Check axigtencse of LolDs represantations
with OCBJECTCLASS D

Fill Geomatry Matadata table

Check exiglente of attributes and types
with OBJECTCLASS D

Fill Attribuie Metadata tabls

L

F

Feature Geomstry

Cragls Views or Materialized Views of

Craale Views or Malerialized Views of
Feature Atribule

* Feature Attribute
o Check existence of feature attributes and “types”
o fillup metadata table
o Create (materialized) views of selected attributes

GlE LAYERS CREATION

Join Geometry views with

Aftribute views

-

o GIS Layer Creation

o Join (materialized) views of feature geometries and
attributes to create GIS layers
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Check Feature Attributes

e Check whether attributes are:

o Type: “Inline” or “
o Multiplicity: [0..1]“single” /[0..*] “multiple”

e 4 possible classes:
o Class 1-“Inline-Single”
o Class 2 - ”Inline-Multiple”,
o Class 3-* -Single”
o Class4-* -Multiple”

* Flatten (i.e. "linearise") attributes depending on their classes
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Check Existence and Classify Attributes

Check “Inline” feature attributes
(Building 901)

SELECT
ARRAY AGG(DISTINCT p.name)
FROM citydb.feature AS f
INNER JOIN citydb.property AS p ON (f.id = p.feature_id
AND f.objectclass_id = 901 ',sql where,")
WHERE p.parent_id IS NULL

AND p.datatype_id NOT IN
(8, 9, 10, 11, 16, ',nested attri_ids,');

Dynamically replaced by the PL/PgSQL functions

Check “Nested” feature attributes
(Building 901)

SELECT

ARRAY_AGG(ARRAY[p_attri, attri]) AS nested attribute set
FROM(

SELECT DISTINCT p.name AS p_attri, pl.name AS attri
FROM citydb.feature AS f

INNER JOIN citydb.property AS p ON f.id = p.feature_id
AND f.objectclass_id = 901

AND p.datatype id NOT IN (8, 9, 10, 11, 16) ',sql where,’
INNER JOIN citydb.property AS pl ON p.id = pl.parent_id

ORDER BY p.name, pl.name
) AS nested attribute;
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[ R - S T R = R R

—
=2

11

12
13
14
15
16
17
18
19

Feature Attribute Metadata

id B cdb_schema . bbox_type . ghjamclassjd e classname . parant_attrihutlajame parent_attribute_typename P s.mlhuta_nam? P attribute_typename is_nested is_multiple pr
[PK] bigint character varying character varying integer character varying character varying character varying character varying character varying boolean boaolean
1 alderaan db_schema 502  TINRelief - description StringOrRef false false
2  alderaan db_schema 502  TINRelief - lod Integer false false
3 alderaan db_schema 502  TINRelief - name Code false false
4 alderaan db_schema 902 BuildingPart - class Code false false
5 alderaan db_schema 902 BuildingPart - dateOfConstruction Timestamp false false
6 alderaan db_schema 902 | BuildingPart - description StringOrRef false false
7 alderaan db_schema 902  BuildingPart - function Code false false
8 alderaan db_schema 902 BuildingPart - lod_max Integer false false
9  alderaan db_schema 902 BuildingPart - n_adjacent_buildings Integer false false
10  alderaan db_schema 902 | BuildingPart - name Code false false
11 alderaan db_schema 902 BuildingPart - roofType Code false false
12 alderaan db_schema 902 BuildingPart - storeyHeightsAboveGround | MeasureOrNilReasonList | false false
13 alderaan db_schema 902 | BuildingPart - storeysAboveGround Integer false false
14 alderaan db_schema 902  BuildingPart - storeysBelowGround Integer false false
15 alderaan db_schema 902 BuildingPart height Height highReference Code true false
16  alderaan db_schema 902 BuildingPart height Height lowReference Code true false
17 alderaan db_schema 902 | BuildingPart height Height status String true false
18  alderaan db_schema 902 BuildingPart height Height value Measure true false
19 alderaan db_schema 15 ClosureSurface - list_adjacent_buildings String false false
{ ' ' '
Classes Existing attributes “Inline”/ Simple /

”Nested” Multiple
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Class 1 - “Inline-Single” Attributes

—————
- ~
P ~

) Rename Replace the prefix
habitation link habitation link
2 class habitation link 2 habitation link
3 class traffic link 3 traffic link
4 class vegetation link 4 vegetation link
Source table Resulting table

37



Class 1 - “Inline-Single” Attributes

* PROPERTY table, before

2
3

id feature_id parent_id
[PK] bigint bigint bigint
13 [rul]
138 0 [rull]
197 29 [Aull]

 ..After flattening

2
3

fid
bigint

20
29

class 8 class_codespace

text text

habitation
habitation

habitation

datatypeid _,
integer
14
14
14

name
text

class

class

class

val_string val_codespace P
text text

habitation http:/fwww._sig3d.org/codelists/s..
habitation http:/fwww.sig3d.org/codelists/s...
habitation

http:/fwww.sig3d.org/ecodelists/s ..

a

http:/fwww.sig3d.org/codelists/standard/building/2.0/_AbstractBuilding_class.x...
http:/fwww.sig3d.org/codelists/standard/building/2.0/_AbstractBuilding_class.x...
http:/fwww.sig3d.org/codelists/standard/building/2.0/_AbstractBuilding_class.x...

38



Class 2 - “Inline-Multiple” Attributes

~~~~~~~
-

-« Rename Replace the prefix

function |residential link residential link hostel link
function |hostel link 2 hospital link
L J
2 function  hospital link 3 residential  link
3 function residential link
Multiplicity 1 Multiplicity 2
Source table Resulting table

39




Class 2 - “Inline-Multiple” Attributes

* PROPERTY table, before

id - fillalturaJl:l p»lar:antjd ﬂatat'_.rpajd P name P val_string P val_codespace P
[PK] bigint bigint bigint integer text text text
1 14 1 [rull] 14 function residential building  http://www.sig3d.org/codelists/ ...
139 20 [rull] 14 function residential building  http://www.sig3d.org/codelists/ ...
198 29 [rull] 14 function residential building  http://www.sig3d.org/codelists/ ...
272 [rull] 14 | function youth hostel http:/fwww.sig3d.org/codelists/ ..
271 [rull] 14 | function residential building  http://www.sig3d.org/codelists/...
* .. After flattening
f‘.ld. a8 function_1 & function_codespace_1 & function_2 a function_codespace_2 8
bigint text text text text
1 1 residential building  http://www.sig3d.org/codelists/..  [null] [rull]
2 20 residential building  http://www.sig3d.org/codelists/..  [null] [rull]
3 29 residential building  http://www.sig3d.org/codelists/..  [null] [rull]

- resldential building  http://www.sig3d.org/codelists/..  youth hostel http:/fwww.sig3d.org/codelists/ ...
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Class 3 - “Nested-Single” Attributes

Rename to parent & child
attribute name combinations

- ~~
- ‘~

feature parent feature | height | height height height_low height_high
_id strlng double _id _value | value_UoM | _status Reference Reference

NULL height NULL NULL NULL 15 measured lowest highest
GroundPoint RoofEdge
9 8 value NULL 15 m
10 8 status measured NULL NULL
11 8 lowReference | lowest NULL NULL
GroundPoint
11 8 highReference | highest NULL NULL
RoofEdge
. J
Source table Resulting table
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Class 3 - “Nested-Single” Attributes

* PROPERTY table, before

id -, fgaFuraJd p.lar:antjd T:Iatatypajd P name P val_string val_double . val_uom ;
[FK] bigint bigint bigint integer text text double precision text
5 1 [Full] 702 | height [Full] [rull]  [rull]
6 1 5 17 | value [Full] 215 m
7 1 5 & | status measured [null]  [Aull]
a8 1 5 14 | lowReference lowestGroundPoint [null]  [null]
9 U 5 14 | highReference | highestRoofEdge [null]  [rull]
* ..After flattening
f‘.ld. height_status a height_highReference a height_lowReference & haight_valu? height_value_UoM a
bigint text text text double precision text
measured highestRoofEdge lowestGroundPoint 21.5 m
2 42 measured highestRoofEdge lowestGroundPoint 267 m
3 155 measured highestRoofEdge lowestGroundPoint 124 m
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10
11

11

-
-
-~

Class 4 -

NULL | height

8
8
8

value
status

lowReference

highReference

.

NULL NULL
NULL 15

measured NULL
lowest NULL

GroundPoint

highest NULL
RoofEdge

2nd height entry

J

Source table

feature | parent featu re
_id _id strlng double

NULL
m

NULL
NULL

NULL

“Nested-Multiple” Attributes

height height_low | height_high

_status Reference Reference
1 1

measured lowest highest
GroundPoint RoofEdge

Multiplicity 1 Multiplicity 2

Resulting table
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Class 4 - “Nested-Multiple” Attributes

* PROPERTY table, before

:;:ligint = ::T:t'ﬂd = Ef‘gr:':tjd = I::l:’:t:;:?ajd = ?:xr’:m = :’:}'{;5‘““9 = ;?;I;E:Eus::cis.mn = :’:;;Uﬂm =
260 3 [rwll] 702 | height [rull] [null]  [rull]
2617 30 260 17 |value [rull] 15 m
262 30 260 5 |status measured [null]  [null]
263 30 260 14 | lowReference lowestGroundPoint [Aull]  [rull]
264 30 260 14 | highReference | highestRoofEdge [null]  [null]
265 30 [rull] 702 | height [rull] [null]  [nwll]
266 30 265 17 | value [rull] 4921 ft
267 30 265 & |status measured [Aull]  [rull]
268 30 265 14 | lowReference lowestGroundPoint [null]  [null]
269 3 265 14 | highReference highestRoofEdge [Aull]  [rull]
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Class 4 - “Nested-Multiple” Attributes

* ..After flattening

f'.ld. 8 height_highReference_1 8 height_lowReference_1 8 height_status_1 8 height_valuclu height_value_UoM_1 8 height_highReference_2 8 height_lowReference_2 8 height_status_2 8 helght_ualun:_z 8 height_value_UoM_2 &
bigint text text text double precision text text text text double precision text
1 highestRoofEdge lowestGroundPoint measured 15 m [rull] [l [rull] [null]  [null]
20 highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [rull] [rull]  [rull]
29 highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [rull] [rull]  [rull]
highestRoofEdge lowestGroundPoint measured 15 m highestRoofEdge lowestGroundPoint measured 4921 ft
46 highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [rull] [rull]  [rull]
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Layers @
@ e T &-FHL
~ |v| [l citydb
B citydb_av_i 901 description
citydb_av_i_901_function
v vl @ Building
bV ._@ SolitaryVegetationObject
v [v] [ Relief
citydb_av_i_901_
4 (]
f_id
1 1
2 45
3 28
4 a0
Browser @®
5 54
QRT®EO
» 2 _g_citydb_bdg_wallsurf_lod2_Muiti=| & e
b [ _g_citydb_rel_feat_lod1_Envelope 7 20
v 9 _g_citydb_rel_tin_lod1_tin
» 9 _g_citydb_sol_veg_obj_lod1_Implic 8 72
b [ _g_citydb_sol_veg_obj_lod2_Implic
b [ _g_citydb_sol_veg_obj_lod3 _Implic & 105
» citydb_amv_n_901_height T a2
» [5 citydb_av_i_901_description
» [5 citydb_av_i_901_function n 37

description — Features Total: 22 Filtered: 22, Selected: 1

LT E D

description

& g

This is multi-part Building 9-10
This is Building 8
This is Building 7
This is Building 6
This is Building 5
This is Building 4
This is Building 3
This is Building 2
This is Building 12
This is Building 11

This is Building 1

Class 1- Inline-Single

Building - “description”

Feature Attribute: Results

® 000®
o®e ¢ °@e
AN
citydb_av_i_901_function — Features Total: 11,Filtered: 11,Selected: 1
¥ e = J om G g LT ESD ¥E s e
f_id - function_1 function_codespace_1 function_2 function_codespace_2
1 1 residential building http: sig3d.org/codelistsf.. NULL NULL
2 20 hangar http:, .sig3d.org/codelists/... | NULL NULL
3 28 residential building http: rsig3d.org/codelistsf... | NUILL NULL
4 37 residential building http:, .sig3d.org/codelists/... | youth hostel http:/fwww.sig3d.org/cod...
5 45 residential building http: rsig3d.org/codelists/... | NULL NULL
6 54 hospital http: rsig3d.org/codelists/... NULL NULL
7 63 residential building http: rsig3dorg/codelistsf... NULL NULL
8 72 residential building http:; .sig3d.org/codelists/... | hostel http:/fwww.sig3d.org/cod...
9 82 residential building http:, .sig3d.org/codelists/... | VULL NULL
10 90 residential building http:, .sig3d.org/codelists/... | NULL NULL
1 105 residential building http: rsig3d.org/codelistsf... | NUILL NULL

Class 2 - Inline-Multiple
Building - “function”

function_3
NULL

NULL
NULL
NULL
NULL
NULL
NULL
youth hostel
NULL
NULL

NULL

function_codespace_3

NULL
NULL
NULL
NULL
NULL
NULL
NULL
http: .sig3d.orgfcodelist...
NULL
NULL

NULL
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Feature Attribute: Results

& qgis_bstsai./japan_v5/postgres@PostgreSQL 15 v = & qgis_bstsai /citydb_v5/postgres@PostgreSQL 15 v =
[ ] B v /’v Y v No limit v ] » b v B u v % = =V m g~ Y |~ Nolimit - B> r DB O~ % | =y 0
Query  Query History

Query Query History

1 ~ SELECT =
1 v SELECT = 2 FROM ggis_bstsai.citydb_amv_n_9081_height
FROM qgis_bstsai."citydb_amv_n_901_+#HEEM X" > ORDER BY f_id

ORDER BY f_id

T KEEHXIE: Landslide Disaster Warning Area (parent attribute)
1. XX %: Zone type (child attribute. code 1: designated ; code 2: specially designated )
2. %KX 4%: Phenomenon type (child attribute. code 1: steep slope failure)

Data Output Messages Notifications
Data Output  Messages Notifications

— ‘ v E] v = & ' SOl
+ 8 5 = 0 = & N - Sl
= R m [ ] = ~ i

f_id TWKEERRE_ XERS ITHUEEMEE RS D
| eight_higk ] elght_l ce_ eight_status_ eight_value_’ eight_value_Uol eig gl erence. eig jowReference_ elght_status_ elght_valu eight_value_Uol
bigint ﬁ text ﬁ text a fid heigh 1 heigh 1 heigh 1 heigh lue_1  heigh lue_UoM_1 height_highRef: _2 height_lowRefe 2 heigh 2 heigh lue_2  heigh lue_UoM_2
bigint text text text double precision  text text text text double precision  text
1 1 1 highestRoofEdge lowestGroundPoint measured 15 m [rul] [ruill] [Ful] [rull]  [rull]
1 1 2 20 highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [Aull] [rull]  [rull]
1 1 3 28  highestRoofEdge lowestGroundPoint measured 15 m [null] [rull] [null] [null]  [rull]
4 1 1 4 37  highestRoofEdge lowestGroundPoint measured 15 m highestRoofEdge lowestGroundFaint measured 4921 ft
5 4562 1 1 5 45  highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [Aull] [rull]  [rull]
6 4805 2 1 5 54  highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [Aull] [rull]  [rull]
7 63  highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [rull] [null]  [rwl]
7 7381 1 1
] 72 highestRoofEdge lowestGroundPoint measured 15 m [ru] [null] [rul] [rull]  [rul]
8 10149 | 1 ! ] 82  highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [Aull] [rull]  [rull]
9 10622 1 1 10 90  highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [rull] [null]  [rull]
10 11090 2 1 11 105 highestRoofEdge lowestGroundPoint measured 15 m [rull] [rull] [rull] [null]  [rwl]

Class 3- Nested-Single Class 4 - Nested-Multiple
Building — i) §5¢ 2558 7 X Juk Building - “height”
(Landslide Disaster Warning Area)”
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Feature Attribute: Results

* When it comes to feature attributes, the structure of PROPERTY table in 3DCityDB 5.0 makes
attribute flattening more challenging

* 4 classes of attributes correspond to 4 linearising strategies

* Inthe server-side plug-in of this research
o Users can select which attributes to link with geometries
o Generic attributes are treated as “standard” attributes

o Attribute names in other characters (e.g., kanji in Japanese) can be used as column names, too
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3. Methodology & Implementation (Part 2)

Q

3DCityDB
v.5.0

sEEEEEN =
sEEpEEENEn

CityGML
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FREPARATION

Creale ggis_phkg schama
Insiall FLApgS0L Tunchions

.

Crealts Metadata Tables

v

Craahs user gchema

’

Ingert | Update Extent lor
view ganaralian

¥

FEATURE GEOMETRY

FEATURE ATTRIBUTE

Check axigtencse of LolDs represantations | |
with OCBJECTCLASS D i

Fill Geomatry Matadata table

Check exiglente of attributes and types
with OBJECTCLASS D

Fill Attribuie Metadata tabls

L 3

k)

Craahs Views or Materialized Views of
Feature Geomstry

| Creals Views or Materialized Views of

Feature Atribule

GlE LAYERS CREATION

| Join Geometry views with

Aftribute views

+J

Methodology

* Feature Geometry

o Check existence of feature geometry representations
& LoDs

o fillup metadata table
o Create (materialized) views of feature geometries

* Feature Attribute
o Check existence of feature attributes and “types”
o fillup metadata table
o Create (materialized) views of selected attributes

o GIS Layer Creation

o Join (materialized) views of feature geometries and
attributes to create GIS layers

o Store information for layer generation
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GIS Layer Creation Approaches

Geometry ) ) . . ) )
MatView Attribute View _1 Attribute View_2 Attribute View_3
o App roach_1 _ SELECT SELECT = SELECT
Vi — + FRIM ... + FROM ... + FROM ...
lew - . WHERE ... WHERE ... WHERE ...
multiple left JOINs L
Geometry ) ) ) ) ) )
MatView Attribute MatView _1 Attribute MatView_2 Attribute MatView_3
@ Approach_2 /7
Materialized View = _ + + +
multiple left JOINs | .
Geometry ) ]
MatView Integrated Attributes MatView
© Approach_3 7 . . o
Materialized View = + WHERE ... WHERE ... WHERE ...

just 1 left JOINs ;
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Choice for GIS Layer Creation approaches

« Timewise, Approach 3 is the most suitable option: just one JOIN + MatViews

Query Time of the GIS Layers (Vienna dataset)

01:56.6
BuildingPart_RoofSurface
(LoD2 Multi-Surface) 00:00.7
(Feature number: 110,395)
00:00.3
Approach 1- Views (Multiple Joins)
00:23.6
SolitaryVegetationObject Approach 2- Materialized Views (Multiple Joins)
(LoD2 Implicit Representation) 00:01.0
(Feature number: 3,341)
| 00:00.4 m Approach 3- Materialized View (1 Join)
TIME UNIT: MM:SS.S 00:00.0 00:17.3 00:34.6 00:51.8 01:09.1 01:26.4 01:43.7 02:01.0 02:18.2
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GIS Layer Creation Query Templates

Integrate selected feature attributes Create GIS layer using approach 3
SELECT SELECT

COALESCE(al.f_id, a2.f_id, ...) AS f_id, g.f id,

al.',qi_al col name_2,°, g.F:object_id,

a2.',qi_a2 col name 2,", g.geom,

a2.',qi_a2 col name_3,',

FROM (',ql _collect flatten attri 1 SQL,') AS al

FULL JOIN (',ql_collect_flatten_attri_2_SQL,') AS a2 a.',qi_a col name 2,',
ON COALESCE(al.f_id) = a2.f_id a.',qi_a col name 3,°,
FULL JOIN (',ql_collect_flatten_attri_3_SQL,') AS a3 a.',qi_a_col _name 4,

ON COALESCE(al.f_id, a2.f_id) = a3.f_id

FROM citydb.',qi_geometry materialzied view_name,' AS g
LEFT JOIN citydb.',qi_attri_table,' AS a ON g.f_id = a.f_id

Dynamically replaced by the PL/PgSQL functions
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- \Dm-\-.lmm-lhwr\.}|j|
=

-

12
13
14
15
16
17
18
19
20
21
22
23

id
[PK] bigint

1

o O @ ~ o B W M

12
13
14
15
16
17
18
19
20
21
22
23

cdb_schema
character varying

alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan
alderaan

alderaan

feature_type
character varying

Relief

Relief
Building
Building
Building
Building
Vegetation
Vegetation
Vegetation
Core
Construction
Construction
Construction
Core
Construction
Construction
Construction
Relief

Relief
Building
Building
Vegetation

Vegetation

parent_classname classname

character varying
(]

[rul]

[rul]

[rul]

[rul]

[rul]

[rul]

[rul]

[rul]
Building
Building
Building
Building
BuildingPart
BuildingPart
BuildingPart
BuildingPart
[rul]

[rul]

[rul]

[rul]

[rul]

[rul]

character varying
ReliefFeature
TINRelief
Building
Building
BuildingPart
BuildingPart
SolitaryWeget...
SolitaryWeget...
SolitaryWeget...
ClosureSurface
WallSurface
GroundSurface
RoofSurface
ClosureSurface
WallSurface
GroundSurface
RoofSurface
ReliefFeature
TINRelief
Building
BuildingPart
SolitaryWeget...
SolitaryWeget...

od geometry_type
haracti character varyin

lod1 Envelope
lod1 tin

lod0 MultiSurface
lod1 Solid

lod0 MultiSurface
lod1 Solid

lod1 ImplicitRepr...
lod2 ImplicitRepr...
lod3 ImplicitRepr...
lod2 MultiSurface
lod2 MultiSurface
lod2 MultiSurface
lod2 MultiSurface
lod2 MultiSurface
lod2 MultiSurface
lod2 MultiSurface
lod2 MultiSurface
lodl Envelope

lod1 tin

lod0 MultiSurface
lod0 MultiSurface
lod1 ImplicitRepr...
lod2 ImplicitRepr...

v
(Parent)

Classes

v
LoDs &

Geometries

layer_name

character varying character varying

"=Imv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_alderaa...
"=lmv_rh_rel_f...
"=Imv_rh_rel_t...
"=lmv_rh_bdg...

"=lmv_rh_bdg...

"=Imv_rh_sel_..

"=Imv_rh_sel_..

gv_name

"_g_alderaan_r...

"_g_alderaan_r...

"_g_alderaan_b...
"_g_alderaan_b...
"_g_alderaan_b...
"_g_alderaan_b...
"_g_alderaan_s..
"_g_alderaan_s..
"_g_alderaan_s..
"_g_alderaan_b...
"_g_alderaan_b...
"_g_alderaan_b...
"_g_alderaan_b...
"_g_alderaan_b...
"_g_alderaan_b...
"_g_alderaan_b...

"_g_alderaan_b...

"_g_rh_rel_feat..

"_g_rh_rel_tin_l...
"_g_rh_bdg_lod...
"_g_rh_bdg_par..

"_g_rh_sol_veg...

"_g_rh_sol_veg...

Layer Creation Metadata

inline_attris
character varying|]

{descriptionJodn...
{description lodn...
{class,date0fCon...
{class,date0fCon...
{class,date0fCon...
{class,date0fCon...
{crownDiameterh...
{crownDiameterh...
{crownDiameterh...
{list_adjacent_buil..
{description,name}
{description,name}
{description,name...
{list_adjacent_buil..
{description,name}
{description,name}
{description,name...
{description lodn...
{lod,name}
{3dbag_tile,bag_n...
{building_type,cla..
{crownDiameterh...

{crownDiameterh...

nested_attris
character varying]

[null]
[null]
{height}
{height}
{height}
{height}
[null]
[null]
[null]
{relatedTo}
[null]
[null]
[null]
{relatedTo}
[null]
[null]
[null]
[null]
[null]
{height}
[null]
[null]
[null]

“Inline” & ”Nested”

Attributes selected

is_matview
boolean

true
true
true
true
true
true
true
true
true
true
true
true
true
true
true
true
true
true
true
true
true
true

true

is_all_attris is_joins

boolean
true
true
true
true
true

true

true

true

true

true

true

true

true

true

true

true

true

boolean
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false
false

false

av_table_name
character varying

"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_alderaa...
"_amv_rh_Reli...

"_amv_rh_TIN...

"_amv_rh_Buil ..

"_amv_rh_Buil ..

"_amv_rh_Solit...

"_amv_rh_Solit...

av_join_names n_features creation_date
character varyir integer

[ull]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]
[nul]

120

622
622
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timestamp with tim
2024-10-15 09:26._.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.
2024-10-15 09:26_.



Created GIS Layers

Layers @®
¢ @OV -FALD
v V| @ Railway

» [v| @ Bridge

~ V| @ Building

v! [l =Imv_railway_v5_doorsurf_lod3_MSurf_attri_table

=Imv_railway_v5_bdg_groundsurf_lod3_MSurf_attri_table
=lmv_railway_v5_bdg_lod3_MCurve_attri_table
[ =Imv_railway_v5_bdg_outer _ceilingsurf_lod3 _MSurf_attri_table
|:| =Imv_railway_v5_bdg_outer _floorsurf_lod3_MSurf_attri_table
] =Imv_railway_v5_bdg_roofsurf_lod3_MSurf_attri_table
=
|

=Imv_railway_v5_bdg_lod3_TerrainIC_attri_table
=Imv_railway_v5_bdg_wallsurf_lod3_MSurf_attri_table
| =Imv_railway_v5_bdg_inst_lod3_MSurf_attri_table
=Ilmv_railway_v5_windowsurf_lod3_MSurf_attri_table
imv_railway_v5_city_frn_lod3_MSurf_attri_table
imv_railway_v5_gen_occupied_space_lod3_MSurf_attri_table
imv_railway_v5_trn_railway_lod3_MSurf_attri_table
Tunnel
=Imv_railway_v5_sol_veg_obj_lod3_ImplicitR_attri_table
WaterBody

Relief

citydb

2HeEEECCRRRRRR

B

=Imv_railway_v5_bdg_roofsurf_lod3_MSurf_attri_table — Features Total: 8,Filtered: 8,Selected: 0

Browser B® o & LV E S
ORT®HO f_id £_object_id -
~ @ PostgresaL <l 97 ID_6d63969e-15d2-412e-90a2-35edec8d221b Roof 1 entirelyAboveTerrain NULL
» < citydb_v4
~ = citydb_v5
% ‘i: a!:’e(;:“-‘ﬁ 3 107 ID_87b62137-28fe-4231-a47e-025fd77c35c9 Roof 3 entirelyAboveTerrain NULL
8 ci
8 cnzdb _pkg 4 149 ID_17bda456-193e-45¢c2-b9c7-9ed49b790b22 Roof 1 entirelyAboveTerrain NULL
= denhaag_v5
£ public
8 qgis_bstsai 6 154 ID_42b3cOee-2{71-4145-a317-1e81e121{7d2 Roof 3 entirelyAboveTerrain NULL
=Imv_citydb_bdg_closuresurf_lod2_MSurf_attri_table
(9 =Imv_citydb_bdg_groundsurf_lod2_MSurf_attri_table 7 168 ID_c1f7e1bS-adc7-4e72-b23-b2b31dcc0368 Roof 1 NULL substantiallyAboveWate...

»
»
» (2 =Imv_citydb_bdg_lod0_MSurf_attri_table :
: A 8 169 ID_b55bf68b-a39d-427e-8565-80ef45397693 Roof 2 NULL substantiallyAboveWate...
» =Imv_citydb_bdg_lod0_Unknown_attri_table
, *
»
»

relativeToTerrain relativeToWater

2 102 ID_a5076d2c-2fb6-4137-848a-b0c994b5054¢ Roof 2 entirelyAboveTerrain NULL

5 152 1D _ddecbccd-40a6-4080-9252-18de8alc5d62 Roof 2 entirelyAboveTerrain NULL

(vv~v-~

9 =imv_citydb_bdg_lod1_Solid_attri_table
(9 =Imv_citydb_bdg_part_closuresurf_lod2_MSurf_attri_table

= =Imv_citydb_bdg_part_groundsurf_lod2_MSurf_attri_table —TeTm—
=l nitudh hda nart lad0 AMCurf attri tahla v A
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4. Tests & Results
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Results

* Rijsen-Holten dataset (CityGML 2.0) — full schema extents

Layers. a@®
@ ® T E-F AL

= v/ [ Rijsen-Holten
- |V

v| {1 bdg

g

L7,

w_rh_v5_bdg_roofsurf_lod2_MSurf_attri_ta
Imv_rh_v5_bdg_closuresurf_lod2_MSurf_attri
v_rh_v5_bdg_wallsurf_lod2_Msurf_attri_ta

v_rh_vS_bdg_groundsurf_lod2_MSurf_attri,

1

Y

=
:
..

T
d

]

wv_rh_v5_bdg_part_roofsurf_led2_MSurf_atf
Imv_rh_v6_bdg_part_closuresurf_lod2_MSurf_
v_rh_v5_bdg_part_wallsurf_led2_MSurf_atf
v_rh_v5_bdg_part_groundsurf_lod2_Msurf_
~ [v] [l Vegetation
W =imv_rh_v5_sol_veg_obj_lodi_ImplicitR_attri_tabl,
Wl =imu_rh_v5_sol_veg_obj_lodz_implicitR_ attri_ tab | =mv_rh_v5_bdg_part_lod0_MSurf_attri_table — Features Total: 107,Fittered: 107,Selected: 1
v mv_rh_v5_sol_veg_obj_lod3_ImplicitR_attri_tabl = 2= 8 5 L 7V E S D FE S e
~ [V & Relief
v

[ =tmy_rh_5_rel_tin_lod1_tin_attri_table = fid “ f_object_id building_type Class dutch_building_type funetion_1 m_m:-s; function_2 _code: function_3 _code has_solar _panels lod2_volume Name storeysAboveGround toreysBelowGroun
¢ » 43| 249515 NLIMBA.. MFH Mixed: i Woni... bij bttps:/ dhe... NU.. je M. NULL 14765.56... BuildingPart... 1 [
B B8 44| 263355 NLIMBA.. SFH Non-reside...  Vrijstaande Woni... 1630 httpsff... | NULL NU.. |NULL N.. |NULL 43.9752 BuildingPart.. 1 0
o
E"’“"’ T*e 45 | 263366 NLIMBA.. SFH Residential | Vrijstaande Woni... 1000 httpsff... | NULL NU.. |NULL N.. |NULL 331.2868 BuildingPart... 3 0
~ @ postgresaL E
b < citydb_va a6 | 270299 NLIMBA.. SFH Unknown | Vrijstaande Woni... 2700 httpsff... | NULL NU... |NULL N.. |NULL 6.2425 BuildingPart.. 1 0
T :‘;{“z“’;—";in " 47 | 270310 NLIMBA... SFH Unknown | Vrijstaande Woni... 2700 httpsff.., | NULL NUL. | NULL M. |NULL 19.4847 BuildingPart... 1 0
» B citydb 48 271476 NLIMBA.. SDH Residential  Twee-onder-een... 1000 httpff... NULL NU.. |NULL N X 35.5019 BuildingPart... 1 0
» 2 citydb_pkg hitps:,
} £ denhaag_vs 49 | 271487 NL.IMBA... SDH idential | T d i - NULL NU... |NULL N X 340.0495 BuildingPart... 3 0
: z:’;"“hmsai 50 | 274591 NLIMBA.. SDH Unknown | Twee-onder-een... 2700 http:ff... NULL NUL. | NULL .. |NULL 56.641 BuildingPart... 1 0
mv_citydb_bdg_closuresurf_lod2_MSurf_attri_table 51 274601 NLIMBA... TH bttosd NU... |NULL N.. |NULL 329.2572 BuildingPart... 3 0

" =Imv_citydb_bdg_groundsurf_lod2_MSurf_attri_table Hitps
mv_citydb_bdg_lod0_MSurf_attri_table 52 | 281425 NLIMBA.. SFH i i Woni.. L NULL NUL.. | NULL N.. |NULL 544.2317 BuildingPart... 2 o
mv_citydb_bdg_lod1_Solid_attri_table - ] . , | " ;

i -sityelh_bdgpart_closuresur]. fod_MSurf_attrtop, | 53| 281479 NLIMBA.. SFH Unknown | Vrijstaande Woni... 2700 httpsff... | NULL NU.. |NULL N.. |NULL 13.88 BuildingPart... 1 0
mv_citydb_bdg_part_groundsurf_lod2_MSurf_attri_tabl | 54 | 302421 NLIMBA.. COM Non-reside... | Vrijstaande Woni... 1260 hitp:ff... 1120 NU... |2700 N.. |NULL 119.7819 BuildingPart... 1 1
mv_citydb_bdg_part_lod0_address_attri_table

) =Imv_citydb_bdg_part_lod0_MSurf_attri_table 55 | 302433 NLIMBA.. COM Non-reside... | Vrijstaande Woni... 1260 httpsff... 1120 NU... | 2700 N |X 48127.378 BuildingPart... 3 1
mv_citydb_bdg_part_lod1_Solid_attri_table ! .

56 328448 NL.IMBA.. SDH Non-i de... T\ -onder- ... 1630 httpsff... NULL NU.. |NULL N NULL 12.4383 BuildingPart... 1 0
mv_citydb_bdg_part_roofsurf_lod2_MSurf_atri_table on-resice... | Twee-oncer-een. uidingra

Y =Imv_citydb_bdg_part_wallsurf_lod2_MSurf_attri_table R v el i azan [T PV YRR aLnwere 26 Anaa o 4 - he

=Imv_citydb_bdg_roofsurf_lod2_MSurf_attri_table
“ show Al Features _ E
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»
»
»

* Rijsen-Holten dataset (CityGML 2.0) — user-selected extents

@
® T &-3 AO
V| 1 Rijsen-Holten E
V| [] ext_rh_vs_m_view
~ v @ Building
- [v| @ bdg
imv_rh_v5_bdg_lod0_MSurf_attri_table
v| [l =imv_rh_v5_bdg_roofs: lod2_MSurf_attri_table
mv_rh_v5_bdg_closuresurf_lod2_Msui table

Ul f_atti
V| [[] =Imv_rh_v5_bdg_wallsurf_lod2_MSurf_attri_table
v| [1] =imv_rh_v5_bdg_groundsurf_lod2_MSurf_attri_table
» [Vl @1 bdg_part
- [v] (1 vegetation
Wl =imv_rh_v5_sol_veg_obj_lod1_implicitR_attri_table
B =tmv_rh_vs_sol_veg_obj_lod2_ImplicitR_attri_tabie
! [ =Imyv_rh_v5_sol_veg_obj_lod3_ImplicitR_attri_table
- [v] {1 Relief
! [] =Imyv_rh_v5_rel_tin_lod1_tin_attri_table
Imv_rh_v5_rel_feat_lod1_Envelope_atiri_tabie
v| & Positron (retina)
¥ OSM Standard
@ Railway
1 citvdb ~i

Browser (1]
GRTHO
~ @ postgresaL E

» < citydb_va

¥ = citydb_v§

alderaan_v5

= citydb

citydb_pkg

denhaag_vs

public

S qgis_bstsai

9 =Imv_citydb_bdg_closuresurf_lod2_MSurf_attri_table
mv_citydb_bdg_groundsurf_lod2_MSurf_attri_table
=Imv_citydb_bdg_lod0_MSurf_attri_table
mv_citydb_bdg_lod1_Solid_attri_table
=Imv_citydb_bdg_part_closuresurf_lod2_MSurf_attri_table
~ =Imv_citydb_bdg_part_groundsurf_lod2_MSurf_attri_table
mv_citydb_bdg_part_lod0_address_attri_table

=~ =Imv_citydb_bdg_part_lod0_MSurf_attri_table
mv_citydb_bdg_part_lod1_Solid_attri_table
=Imv_citydb_bdg_part_roofsurf_lod2_MSurf_attri_table
mv_citydb_bdg_part_wallsurf_lod2_MSurf_attri_table
=Imv_citydb_bdg_roofsurf_lod2_MSurf_attri_table

Munfteriaik .

=Imv_rh_v5_bdg_roofsurf_lod2_MSurf_attri_table — Features Total: 1337, Filtered: 1337, Selected: 1

/ 2 . & & LT ®ES P =
f_id ~  f_object id azimuth direction inclination
168 240223 RoofSurface... 23.4268 NE 09115
169 240224 RoofSurface.. 50.0339 NE 11625
170 240225 RoofSurface... -1\ NULL L]
il 240226 RoofSurface.. 221.5058 SW 6.3968
172 240227 RoofSurface... 113.4844 SE 3.0437
73 240228 RoofSurface... -1 NULL o
74 240229 RoofSurface... =1\ NULL []
175 240230 RoofSurface... 196.3426 S 0.3679
76 240231 | RoofSurface... 220.5497 SW 0.4793
177 240232 RoofSurface... 32.0505 NE 0.812
78 240233 RoofSurface... 321701 NE 0.8057
179 240234 RoofSurface... 221.3177 SW 6.282
a0n NAND3E | DARECLrfann alnins n

= show All Features _

= & |5
lod2_area

753.119
3.2888
125.6694
0.7761
3.1842
736.5966
700.4403
35.7524
14.4574
11.4737
1.0734
0.1538

202 nan

Name

RoofSurface 4906-740
RoofSurface 4906-981
RoofSurface 4906-1071
RoofSurface 4906-3942
RoofSurface 4906-5930
RoofSurface 4906-7144
RoofSurface 4906-7162
RoofSurface 4906-8250
RoofSurface 4906-8977
RoofSurface 4906-9445
RoofSurface 4906-9657
RoofSurface 4906-10596

DAnfCurfann AONE 11188

surf_normal

0.006324 ,0.01 13319416,0.9998

0.015549929161397823,0.013032263665640274,0 9997941587180956
0,01

-0.07383337004427214,-0.083436 369536 2078 ,0.9937741229148858
0.04869895291460533,-0.021159168374480262,0.9985893558308747
0,01

0,0,1

-0.001806579616827999,-0.006161018412839695,0.99997938884869....

-0.005- 78,-0.00635684- 686199,0. 67...
0.007520141815762673,0.012011187680608304,0.9998995843763854

0.007487114647053932,0.0119031 0.9999011245443515

-0.07224 512,-0.082 015,0. 18176

ana

Results
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Results

* Vienna dataset (CityGML 2.0)- full schema extent

Layers 2
vHeVE-BAD

~ v @ vienna_vs

Vi
v (@ layers

W =imv_vienna_v5_bdg_part_roofsurf_lod2_MSurf_attri_table
[Z] =Imv_vienna_v5_bdg_wallsurf_lod2_Msurf_attri_table
[ =Imv_vienna_v5_sol_veg_obij_lod2_implicitR_attri_table
=Imv_vienna_v5_rel_tin_lod3_tin_attri_table
bdg_part
bd
9
9

]
_vienna_v5_sol_veg_obj_lod2_ImplicitRepresentation
_vienna_v5_gen_occupied_space_lod0_MultiSurface

B _g_vienna_vs_iuse_lodo_MultiSurface

] _g_vienna_v5_rel_tin_lod2_tin

ext_vienna_v5_m_view

[] ext_vienna_v5_db_schema
» [| [ vienna_v4 @ localhost:5433
~ V| ¥ 0SM standard

=2 < <<

le — Features Total: 300593, Filtered: 300592, Selected: 1

- =Imv_vienna_v5_bdg_roofsurf_lod2_MSurf_attri_t

Browser em / g3 ) & s vTERP rE = &l
[o [~} Y 1 o 1_id S 1_object_id Dachneigung  Dachorientierung Flaeche FlaechenUUID
5 5 d4996-499c-2042.
- @ postgresal < |153025 4599664 UUID_LOD2_514691-5cb7... 90.0 1.0 29063.94
> < clitydb_w4 163926 4601588 UUID_LOD2_008119-de98... 87.1 34252 31.63 6210-4239-8fd
» = citydb_v5
» = citygmi3_ny 163927 4601589 UUID_LOD2_008119-de98... 87.1 16252 31.63 d2bed6ef-6b49-4169-a7d6
» =< an_v4
Dot )':zan-VS 153928 4601596 UUID_LOD2_A33600-f73e.. 90.0 -1.0 31.73 144c1892-b654-401c-a909-3d5208574917
biCay. 153929 4601603 UUID_LOD2_503700-1cd7.. 90.0 -1.0 197.08 10b52c85-0de1-46ca-8d15-223a1dbf30fd
» = vienna_v4
v = vienna_vs 153930 4601655 UUID_LOD2_A00440-75bf.. 90.0 -1.0 36.94 0e3161d4-4169-4641-8765-03a4fbe40bbe
» 2 citydb I
» & citydb_pkg 153931 | 4601662 UUID_LOD2_006488-c127... 55.66 274.07 52.56 00c3797b-2197-495e-8250-a5e63bcc54ed
» ’5‘ W"“Cb 153932 4601663 UUID_LOD2_006488-c127... 55.66 94.07 5251 153¢3377-db5{-4706-bb57-a6ef5e95{8f0
+ & qgis_bstsai
» 2 =imv_vienna_v5_bdg_part_roofsurf_lod2_MSurf_all_attri_joins 153933 4601664 UUID_LOD2_006488-c127.. 57.63 1841 368.6 bee14169-fa9f-470e-b45a-add5¢c2973dc7
» 09 =imv_vienna_v5_bdg_part_roofsurf_lod2_MSurf_attri_table
+ G2 =imv_vienna_v5 _bdg_part_wallsurf lod2_MSurf_attri_table 163934 4601665 UUID_LOD2_006488-c127... 67.63 an 373.74 d13a220-3ded-4dba-8a6e-958b25a6490¢c
» @9 =imv_vienna_v8_bdg_roofsurf_lod2_MSurf_sl_attrl_loins 163935 4601711 UUID_LOD2_008123-3584... 53.62 170.75 17297 dcdea349-3a5f-4293-8204-28630¢1c624d9
» 9 zimv_vienna_v5_bdg_roofsurf_lod2_MSurf_attri_table
» (9 =imv_vienna_v6_bdg_wallsurf_lod2_MSurf_attri_table 153936 4601712 UUID_LOD2_008123-3584... 54.74 260.75 128.78 7912-4720-923b.
» [ =Imv_vienna_v5_rel_tin_lod3_tin_attri_table
o o . PRy 153037 ARN1713 LILIN_LON?2 _NNR123-36R4 K7 31 360 78 12476 Ac20e163-fadK-4R02-Q4fh-hR2Kf73RAAA~
» 9 =imv_vienna_v5_sol_veg_obj_lod2_ImplicitR_all_attri_joins —
b 4 : : ; Show All Features g
» (9 =imv_vienna_v5_sol_veg_obj_lod2_ImplicitR_attri_table - -

59



Results

* Tokyo dataset (CityGML 2.0) - full schema extent
IESSEEEE | A W N X S
SRR - T ) B" - gy

mv_citydb_bdg_outer _ceilingsurf_lod2_M ‘
‘ ~
» W
(4
~
' -~

i

nv_citydb_bdg_wallsurf_lod2_MSurf_no_

v [l =imv_citydb_bdg_roofsurf_lod2_MSurf_no_
B =imv_citydb_bdg_groundsurf_lod2_MSurf_i

imv_citydb_bdg_lod1_Solid_attri_table

@ View_layers

& bdg

japan_v4 @ localhost:5433

Positron (retina)

o W
o AR /3 A
=imv_citydb_bdg_lod2_Solid_attri_table — Features Total: 726, Filtered: 726, Selected: 1 a®
Y &= 5 € LY ERP = B
T fid {f objectid —K_X¥ M2~ A¥-H2-F §-THI-F name R im0 height_highReference _height_lowReference _height_status height_value height_value_UoM +PXERARN KHEEH +tPAERAXE ARES *
A (3 645 31019 BLD ab.. NULL NULL NULL KA. NULL  13103-bldg... highestRoofEdge lowestGroundPoint measured 2055 m NULL NULL
il e ] 646 34358 BLD_89... 13103001003 1 3 NULL NULL ~ 13103-bldg... highestRoofEdge lowestGroundPoint measured 2.3 m NULL NULL
~ @ PostgresaL “ lea7 34383 BLD_69... 13101008003 8 3 WAME.. NULL  [13101-bldg... highestRoofEdge lowestGroundPoint measured 1526 m
» < citydb_v4
» = citydb_v6 648 31340 BLD_e2.. 13103001002 1 2 NULL NULL ~ 13103-bldg... highestRoofEdge lowestGroundPoint measured 24'm NULL NULL
: : ““"9"‘5—"" 649 37080 BLD_bc.. 13103001001 1 1 NULL NULL 13103-bldg... highestRoofEdge  lowestGroundPoint measured M7 m NULL
japan_
~ < japan_vs 650 37135 BLD_e2.. 13103001001 1 1 NULL NULL  13103-bldg... highestRoofEdge  lowestGroundPoint measured 435 m NULL
» £ citydb
» B citydb_pkg 651 31393 BLD_b1.. 13103001006 1 6 NULL NULL  13103-bldg... highestRoofEdge  lowestGroundPoint 'measured 235 m NULL NULL
*5 :‘g’f;"‘bs‘sa_ 652 37979 BLD_8a.. 13103001002 1 2 NULL L 13103-bldg... highestRoofEdge lowestGroundPoint measured 253 m NULL
~ & qgis_bstsai
» 9 =imv_citydb_bdg_groundsurf_lod2_M | /653 31460 BLD_d4.. 13103001002 1 2 L NULL ~ 13103-bldg... highestRoofEdge  lowestGroundPoint 'measured 99 m NULL NULL
» 9 =imv_citydb_bdg_lod1_Solid_attri_tat
» =Imv_citydb_bdg_lod2_Solid_attri_tat 654 31469 BLD _e8.. NULL NULL NULL NULL 13103-bldg... highestRoofEdge lowestGroundPoint measured 135 m NULL NULL
» (2 =lmv_citydb_bdg_outer _ceilingsurf_IK | |gce | 31497 BLD_66... 13103018002 18 2 NULL  13103-bldg... highestRoofEdge lowestGroundPoint ‘measured 8.2 m
» 9 =imv_citydb_bdg_roofsurf_lod2_MSui
» 09 =imv_citydb_bdg_wallsurf_lod2_MSui | 656 31512 BLD_89... 13103018001 18 1 NULL NULL  13103-bldg... highestRoofEdge  lowestGroundPoint measured 1.7 m NULL NULL
» 9 _g_citydb_bdg_groundsurf_lod2_Mult
» G2 _g_citydb_bdg_lod1_Solid 657 37275 BLD_17.. 13103001001 1 1 NULL NULL ~ 13103-bldg... highestRoofEdge lowestGroundPoint 'measured 207 m NULL
» & _g_citydb_bdg_lod2_Solid 658 37282 BLD_67.. NULL NULL NULL NULL NULL  13103-bldg... highestRoofEdge  lowestGroundPoint measured 5.4'm NULL NULL - L '_"‘
» 7 _g_citydb_bdg_outer _ceilingsurf_lod: | o e — T 5 Y e
» G2 _g_citydb_bdg_roofsurf_lod2_MultiSt~| \_'_’ * * ‘ — = f . 1 a =
5 s Show All Features _ E -, -
Address code Regional Plan Landslide Disaster Warning Area_
Building_ID Zone type Phenomenon type
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Results
* FZK Haus dataset (CityGML 3.0) - full schema extent

Layers @@
v @l ® TV &-B &0

CityGML v.2.0

ityGML v.3.0

TUM_citygmI3_trans
02-FZK-Haus-LoD2-Tex-Storey-CG30-V01-Window

. =Imv_citydb_bdg_lod2_Solid_attri_table

[ M =imy_citydb_bdg_storey_roof_surf_lod2_MSuri_attri_table|

|| =Imv_citydb_bdg_storey_wall_surf_lod2_MSurf_attri_table
- =Imv_citydb_bdg_storey_gnd_surf_lod2_MSurf_attri_table
. =Imv_citydb_door _surf_lod2_MSurf_attri_table

v . =Ilmv_citydb_wndw_surf_lod2_MSurf_attri_table
~ |v| i OSM Standard

» @
v vl @
L4
v |V

k| =2=0

RIKK

=Imv_citydb_bdg_storey_roof_surf_lod2_MSurf_attri_table — Features Total: 2,Filtered: 2,Selected: 1

Browser @@ 5 p— ()
J Cll= 5] GEENRYESDP By 8 &&
- g ) : o &)
f_id f_object_id name
v = citygmlI3 = J
» B citydb 1 20 ID_cd67bfa5... Second Floor / Roof North
» & citydb_pkg ﬂ 21 ID_b415e52... Second Floor / Roof South
» & mu
» & public
~ & qgis_bstsai

» 9 =Imv_citydb_bdg_lod2_Solid_attri_table

» (9 =Imv_citydb_bdg_storey_gnd_surf_lod2_MSurf_attri_table

» (2 =Imv_citydb_bdg_storey_roof_surf_lod2_MSurf_attri_table

» (9 =Imv_citydb_bdg_storey_wall_surf_lod2_MSurf_attri_table

» 9 =Imv_citydb_door _surf_lod2_MSurf_attri_table

» 9 =Imv_citydb_wndw_surf_lod2_MSurf_attri_table

» 9 =Imv_mu_trn_aux_tr _sp_trn_aux_tr _ar_lod2_MSurf_no_attri_ta
» 9 =Imv_mu_trn_tr_sp_trn_tr_ar_lod2_MSurf_no_attri_table
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* Munich transportation dataset (CityGML 3.0) — full schema extent

Layers
AT EE-RAL

3
-
»

»
vV

Browse

@ CityGML v2.0
A CityGML v3.0
4 NYC_Trans
v| & TUM_citygmi3_trans

mu_av_i_610_granular
mu_av_i_608_granularity
oD:

v &
I OsM Standard

er

germe

citygmia
& citydb
& citydb_pkg

(v vy

imv_citydb_bdg_lod2_Solid_attri_table
=Imv_citydb_bdg_storey_gnd_surf_lod2_MSurf_attri_table
=Imv_citydb_bdg_storey_roof _surf_lod2_MSurf_attri_table
=Imv_citydb_bdg_storey_wall_surf_lod2_MSurf_attri_table
=Imv_citydb_door _surf_lod2_MSurf_attri_table
=Imv_citydb_wndw_surf_lod2_MSurf_attri_table

=Imv_mu_trn_tr_sp_trn_tr_ar _lod2_MSurf_no_attri_table
_g_citydb_bdg._lod2_Solid

G2 _g_citydb_bdg_storey_gnd_surf_lod2_MSurf
_g_citydb_bdg_storey_roof_surf_lod2_MSurf
citydb_bdg_storey_wall_surf_lod2_MSurf

Soniy
*

=Imv_mu_trn_aux_tr_sp_trn_aux_tr_ar_lod2_MSurf_no_attri_table

I show Al Features |

201 UUID_TS_id_03e637bf-60b2-dect.

286 UUID_TS_id_6aa312ce-c6a5-412a-bee5-4cOalfcdeeld
284 LUID_TS_id_d36f6803-87fe-4de2-a450-91719f7035b2
282 UUID_TS_id_be3c7fab-a68c-4861-80ff-632f6ceaasff

280 UUID_TS_id_a5ff3a6c-a581-4338-b8cc-6ecec6167d5e
278 UUID_TS_id_768ece73-8a31-4fba-b878-d02cBaa74f1b

oo e g

Results
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Layers

o @ ® T &-# A O

» [ @ CityGML_2.0
- v ityGML_3.0

=3
o

(1 02-FZK-Haus-LoD2-Tex-Storey-CG30-V01-Window

& 03-FZK-Haus-LoD2-Tex-Storey-CG30-V01-InteriorSolid

(@ 04-FZK-Haus-LoD2-Tex-Storey-Construction-CG30-V01-Window-Interior
(@ Munich_citygml3_trans
a
v

»
»
»
»

NYC_Trans

w000

=l nyc_amv_i_608_granularity
~ V| ¥ OSM Standard

B
=

Browser

IRT®O

~ B qgis_bstsai

» 9 =Imv_nyc_trn_aux_tr _sp_trn_aux_tr_ar_lod2_MSurf_no_attri_table

» 02 =lmv_nyc_trn_tr _sp_trn_tr _ar _lod2_MSurf_no_attri_table

» 09 _g_nyc_trn_aux_tr _sp_trn_aux_tr _ar _lod2_MSurf

» 09 _g_nyc_trn_tr_sp_trn_tr _ar_lod2_MSurf

» (2 ext_nyc_db_schema

» (9 extents

» feature_attribute_metadata
> feature_geometry_metadata
> layer _metadata
» nyc_amv_i_608_granularity
» [& nyc_amv_i_610_granularity
» £ qgis_pkg
= japan_v4
= japan_v5
= ny
<
=«

vienna_v4
vienna_v5

D

/ @ IR E e EENRZTYERSP
f_id X f_object_id

1065 13270 UUID_TS_id_8109d2bf-2713-40eb-ba33-8a22c3da2bad
1066 3268 UUID_TS_id_! fcc8-4b55-80df-588
E 3266 UUID _TS_id_78fff565-b60e-46c6-bc2

1068 3264 UUID_TS_id_d6fc462f-fc52-42c4-9496-a7aa5d54e133
g 3257 UUID _TS_id_5acbbb5b-5aa8-49d3-b1b8-907247a608db
1070 3255 UUID _TS_id_aa27112b-856c-4267-8aa7-faa950e9f330
107 3253 UUID _TS_id_1 75¢1-40ca-82f8:

1072 3248 UUID_TS_id_44749c56-1a9c-42da-a08e-afed7d217504
il 3246 UUID_TS_id_356edc30-69b5-42e2-8719-9280dc9167f3

Show All Features _|

Results
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5. Conclusions & Future Development

Q

3DCityDB 5.0

sEpEEEEE-=
sppEEEnEs

CityGML
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Answers to Research Questions

How does the new 3DCityDB affects the current method of the plug-in to create layers?
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Answers to Research Questions

For geometries:
« Howdo the new CityGML 3.0 concepts of space, LoD affect the process ?
e Canthe same or a similar approach be reproduced ?
» The CityGML 3.0 Core module simplifies management of geometry representations and LoDs

» Users can select their desired feature LoD and geometry representation for creating GIS layers

» Materialized views are still preferable with implicit geometries and space-boundary classes
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Answers to Research Questions

For attributes:
« Canthe same or a similar approach be reproduced ?

> No!! Since all attributes are stored following the EAV model within 3DCityDB 5.0. They require
different strategies for flattening depending on one of the four classes.

> But: The current new approach should simplify future management of ADE-related attributes

> Attribute materialized views are preferable to offer better user experience.
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Answers to Research Questions

« Howis the CityGML 2.0 data mapped to the new schema of 3DCityDB 5.0?
> CityGML 2.0 datais mapped automatically to CityGML 3.0 upon import into 3DCityDB 5.0

> Certain properties from CityGML 2.0 cannot be directly mapped are marked as “deprecated”
(e.g. RoofEdge geometry)

> In the implementation of this research, the deprecated properties are displayed in the
metadata check but are excluded during view creation
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QplaZthrens Exporter

Cors cocromin
232404 53, 48057551, 27.82
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o read-write ¢
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» Cased3: access feature geometry and linked attributes
& o read-only
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At the moment, features without their "own" geometry

representations cannot be viewed via GIS layers

«FeatureType»
TrafficSpace

«Property»
dlass: TrafficSpaceClassValue [0..1]
function: TrafficSpaceFunctionValue [0..%] N
usage: TrafficSpaceUsageValue [0..*]
granularity: GranularityValue
trafficDirection: TrafficDirectionValue [0..1]
occupancy: Occupancy [0..*]
adeOfTrafficSpace: ADEOfTrafficSpace [0..*]

* *

+ + + + + + +
A

+boundary
«Property» *

«FeatureType»
TrafficArea

«Property»
dass: TrafficAreaClassValue [0..1]
function: TrafficAreaFunctionValue [0..*]
usage: TrafficArealUsageValue [0..*]
surfaceMaterial: SurfaceMaterialValue [0..1]
adeOfTrafficArea: ADEOfTrafficArea [0..%] B

+ + + + +

Transportation module extraction
[Figure from Kolbe et al., (2021)]

Space Feature

Boundary Feature

> lod2 Multi-Surface

=lmv_mu_trn_tr _sp_trn_tr _ar _lod2_MSurf_no_attri_table — Features Total: 141,Filtered: 141,Selected: 1

N[o[ao|[as|w

f_id

Limitations

E

€ 5V @ P
N f_object_id
291 UUID _TS_id_03e637bf-60b2-4ecf-b871-3b9b54a7ea92

286 UUID _TS_id_6aa312ce-c6a5-4f2a-bcec5-4c0alfcdceld
284 UUID _TS_id_d36f6803-87fe-4de2-a450-91719f7035b2
282 UUID _TS_id_be3c7fab-a68c-4861-80ff-632f6ceaabff
280 UUID_TS_id_a5ff3a6c-a581-4338-b8cc-6ecec6167d5e

278 UUID _TS_id_768ece73-8a31-4fba-b878-d02c8aa74f1b

~ Show All Features _
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e o 3DCityDB Layer Loader

@ User Connection = & Layers & Settings
PostgreSQL connection
Select an existing connection
citydb_vd.
CityGML 3D City Database
Database name:

Connect to database "citydb_w4

Basemap (OpenStreetMap)

ece 3DCityDB Layer Loader

P User Connection | & Layers | @ Settings

Current database: ‘citydb_v4 @ localhost:5433'
Current user: 'bstsal’

Define a new connection Current citydb schema: 'th_vd'

- New Connection Basemap (OpenStreetMap)

Citydb schema (and user privileges) edifventerren

rh_vé (rw) % Eui 7 %
/ i
4 ]
- ‘<{
g - -
E Rijssen
9 .
',r
g ~ wenert® RING
w\'-‘M I‘
#
-
~
/ ) 2

¥ (current: user defined)

Refresh 'rh_v4' extents

Layer management

North |481500.0000

Future Development

 Add Read-write capabilities for use case 3-2

Drop

West 231000.0000

East |233000.0000

South |479500.0000

Calculate from | Layer

Layout Map - | | Bookmark -

Map Canvas Extent

) Refresh layers for schema 'rh_va'

layers

* Rethinking of the strengths/weaknesses of materialised

Connection status

Connected to database:

PostgreSQL installation
3DCityDB installation
Main installation: ]

User installation: V)
Layers status: .

Layers refresh status: @

Set to layer extents
Layer selection
Feature type Building ~ | Level of Detail: | lod2 -
Codelists selection
CityGML attributes: | CityGML 2.0 T
Available layers

rh_vd_bdg_lod2 (8815),th_w4_bdg_lod2_roofsurf (28279) - Import selected layers

Close current connection

/|28 |

abe Name.

€, Exprassion

Bullding 4906-236

11

Show Selected Features _

rh_v4_bdg_lod2 — Features Total: 14328, Filtered: 1, Selected: 1
5T E R D B

~|=| & |rs v || Update Fitered || Update Selected

- /I\ Changes to this form will not be saved.1 field doesn't meet its constraints. ()

Main info | DatabaseInfo = Relation to surface = Extref (Name) = Extref (Uri) = Addresses

Database ID 305382 v

Description | A

GMLID NL.IMBAG.Pand.1742100000000568 GML codespace N

Name codespace

Name |Building 4906-236

Gen Attrib (String) | Gen Attrib (Integer) | Gen Attrib (Real) | Gen Attrib (Measure) | Gen Attrib (Date) | Gen Attr « | »

&, Expression

Database ID 1300216

[ 3dbag_tle Attribute name 3dbag_tile

[T buildina tvoe G AL .manmA fim___mm annm
Class | Function | Usage

Class Non-residential (single function)

Codespace 1

¥ Feature-specific attributes.
Year of construction 1983 - Year of demolition | NULL -

Storeys above ground |2 ~ Storeys below ground -5

Height 20.403 UoM |NULL

Storey height above ground |NU - UoM NULL v

Storey height below ground |NU v UoM NULL v
Roof type | multiple horizontal Codespace

views?

* Role of IVM (Incremental View Maintenance) package in

PostgreSQL?

 Adaptation of the plug-in client side
* Modify “Layer Loader” to enable geometries and attribute

selection

* Usethe metadata table (on layer generation) as the

connecting point between PostgreSQL server-side (this

work) and the new to-be-updated client-side in QGIS
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Create GIS layers from the data
stored within 3DCityDB v.5.0
Demo




Thank you for your attention
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