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Introduction

Topological Information

e Describe connectivity information between buildings (Kramer & Huhnt, 2009)

e Comprehensive connectivity information is required to support 3D exploratory analyses (Isikdag et
al., 2013; Moser et al., 2010; Ellul, 2007)

CityGML

. ® XML links or “XLink” mechanism relates explicitly stored objects (Kolbe, 2009)
* No maintenance of relationships between 0D,1D, and 2D primitives (Ghawana & Zlatanova, 2012)
e Neighbouring buildings often modelled using separate (“invisible”) surfaces to facilitate efficient and

consistent visualisation (Groger et al., 2005)

~

-

Cell Complexes Topological Links
. /‘\ e Clear storage of topological information in a topological data structure is preferable for extraction of
. M connectivity information (Boguslawski et al., 2011)
\\/ e Traverse via decomposed lower dimension primitives such as 0D points, 1D lines and 2D surfaces to
make up a 3D object while preserving connectivity information
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< * Methodology

Extraction of geometrical Generate topological links based
properties on the extracted properties
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CityGML Datasets

) FZK Viewer x64 V 4.7 - LoD2_311_5606_1_NW - [m} X

File View Representations Display Query Extras Window 7
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x

Browser Toolbar
. M4 LoD2_311_5606_1_NW =)
T, e — Dataset B: Two
Sl CityGML Building [2] LoD2_311_5606_1_NW - CITYGML_1_0

+ 8] bldg:Building

3D View
+ . (&) bldg:Building

disjointed buildings

) FZK Viewer x64 V 4.7 - LoD2_313_561 5_1_NW2Buildings - a X
File View Representations Display Query Extras Window 7
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Bmiser TL°DZ_31 == x ™ LoD2_313_5615_1_NW2Buildings [ra][- - )
= [LoD2_313_5615_1_NW2Buildings - CITYGML_1_0

& @ bldg:Building D View
] @ bldg:Building

.

Ready

Dataset A: Two L4
connected buildings -~

Ready

*The CityGML datasets used in this study were obtained freely from Nordrhein-Westfalen Open Data
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CityGML Extractor Tools

File  About Help

Polygon 1D "GLID_1433827408056_1021004_2_6"
Linear Ring ID: *GUID_1439827406056_1021004_2_6_0_*

Point: 5 J11949.432 5606352 601 309.595
Poimt: 13 311954.561 5606351 235 309.624
Point 16 311852027 5606351 918 310.456

Raof Sufsce ID: "UUID_3082ab26 1240 4853 8c02-1sb ¥d06fdca”
Polygen ID. "GLID_1433827405056_1021004_2_7"
Linea Ring ID: "GUID_1439827406056_1021004_2_7_0_"

Peint: 2 311951.342 5606359 452 309.595
Poimt: 5 311949.432 5606352 601 309.555
Pomt: 16 311952027 5605351 918 310.456
Point 15 311353877 5605358 814 310.456

Raof Sufzce ID: "UUID_TeSHced-7900-40b1-293ec 8T 9ab 2"
Polygon 1D "GLID_1433827408056_1021004_2_8"
Linea Ring ID: "GUID_1439827406056_1021004_2_8_0_"

Point: 13 311354.561 5606351 235 300.624

oimt: 11 311956.412 5605358.135 300.624
Pcint 15 311953.877 5606358 814 310.456
Point 16 311352 027 5606351 918 310.456

Ground Surface 1D: "UUID_d#08524-4326-4281-04a0-8ccas2aie 326°

Palygen 1D "GUID_1433837405056_1021004_2_0"
Linear Ring ID: *GUID_1439827406056_1021004_2_0_0_*

Pont: 10 311949.432 5606352 601 305.84
Peint 3 311951342 5606359 432 305.84
Point: 12 311956 412 5606358 136 3504
Point: 14 311984.561 5606351 235 305.84

Number of buldingis): 2
Number of buldng partie): 0
Number of sufaces of buldng(s): 15

innovative e entrepreneurial e global www.utm.my

Dataset A:
2 Buildings
15 Surfaces
16 Nodes

Dataset B:
e 2 Buildings
* 18 Surfaces
e 20 Nodes

Extraction of Geometric Properties

& &)GM[ Extractor Tools
File About Help

Palygar ID: *GUID_1439827406055_1100214_2_6"
Linear Ring ID- "G 11D_1439627406056_1100214_2_6_0_*

Pont: 11 313177113 56159594 494 33041
Pormt: 17 313179.751 5615389.933 330.411
Point 20 313178.432 5615592214 131218

Roof Surface ID: "UUID_b034e5c6-734a-dcl-9727f4931e 3¢
Palygon ID: "GUID_1433827406055_1100214_2_7"
Linear Ring ID- "G 11D_1433627406056_1100214_2_7_0_*

Pomt: 12 313191.402 5616002 562 33041
Pom: 11 M377.113 5615994 494 330411
Point 20 313173432 5615392 214 31218
Point: 19 33192 695 5616000258 e

Reof Suface 1D "UUID_a50756e0-2753-4 5d=-8df 2fde 3a584191"
Polygon |D: *GUID_1433827406056_1100214_2_¢"'
Lrear Rng ID: "GUID_1439827406056_1100214_2_8 0_°

Pomt: 17 313179.751 5615389.933 330411
Point 15 313193.588 5615397 954 33041
Point 13 313192 655 5616000253 28
Pont: 20 313178.432 5615892214 331.218

Ground Surface |D: * UUID_37cH 9ed-544-42 73-as5c-afefd 3a7 725"
Polygon 10: "GUID_1439327406055_1100214_2_0"
Lrear Rng ID: "GUID_1433827406056_1100214_2 0 0 "

Point 14 313177113 5615994 454 327032
Point 13 313151.402 5616002 562 327082
Poni: 16 313193.968 3615997 954 327.082
Pormt: 18 313179.751 5615389933 327.082

Numicer of buldngls): 2
Numier of buldng partiz): 0
Nomber of sufaces of buiding&) 18




©UTM _“Generating Topological Links

File | Generate | About Help

al-Links

Input extracted geometrical
properties text file

al-Links
ol-Links
a3-Links No

-
<
y

A

Check:
0, link - Are nodes connected?
a4 link = Are lines connected?
a, link = Are surfaces traversable?
a5 link = Are buildings connected?

| Yes

A\

Generate and store links:
0, link = Link connected nodes to form lines
a; link < Link connected lines to form surfaces
a, link = Link surfaces to form buildings
as link < Link connected buildings

y

End
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a, Links for Dataset A

Results (1D a, links)

o, Links for Dataset B

File Generate  About Help

a5 Topological Links — O

Building ID: "DENW3SAL1000m=0"
Wal Surface Links
al(1): 2-3

al(2): 34
al(3): 41

‘:8?:));5#?2‘:“ ID: "UUID_35d21856-dS5fd-48fe-ScbfffefbAc4 16 nOdeS 9 57 ao "nks

Wal Surface Links

Wal Surface ID: "UUID_28757b10-1322-413c-88da-a38753f5ae55"
ald): 2-5

a0(5): 5-6

al(6): 6-3

aO(7): 3-2

Wal Surface Links

Wal Surface ID: "UUID_86d24b ¥-8cc 7-44a5-aaa5dc26cSfe301d"
al(8): 5-7

al(9): 7-8

a(10): 8-6

al(11): 6-5

Wal Surface Links

Wal Surface I1D: "UUID_fc7d834=-73e6-4559a-a4eb-5b88031642c6"
a0(12): 7-1

al(13): 1-4

al(14): 4-8

a(15): 8-7

Rocf Surface Links
Rocf Surface ID: "UUID_d7364243-0734a2ateed4-c617c215dcbe™
al(16): 7-5

a5l Topolegical Links — O poe

File Generate About Help

Building 1D: "DENWA40AL1000GSFN'
W4l Surface Links
al(l): 2-3

al2): 34
a03): 41

%T%)Sn;if;:c ID: "UUID_deba5h31-8528-43a7-a553-ab4351 20 nOdeS 9 67 ao Iinks

W4l Surface Links

Wall Surface ID: "UUID_dc6ab620-dcfe-4c$0-b017-ebd A6c6d332"|
add): 2-5

a0(): 56

a{5): 6-3

aO@): 3-2

W4l Surface Links

Wadl Surface ID: "UUID_b4Sa8e3ec-bbd2-4beb-b10c<951a5540dcf 4™
al3): 5-7

a039): 7-8

a(10): 8-6

al(11): 6-5

Wall Surface Links

W4l Surface ID: "UUID_80854e 2f-6 ¥5-4e8d-8fe 7-33f2c 1bbS177"
a0(12): 7-1

al(13): 14

al(14): 4-8

a0(15): 8-7

Wall Surface Links
Wal Surface ID: "UUID_b8cS1e84-33af-4872-Scb7-0148d36fa54 7"
al(16): 5-2 v
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Results (2D

o, Links for Dataset A

a, links)

o, Links for Dataset B

sl Topolegical Links —

File Generate About Help

Building ID: "DENW3SAL1000msO"
Wall Surface Links

Wall Surface Links
Wall Surface ID: "UUID_28757b10-1322-413c-88da-a387

Wall Surface ID: "UUID_35d21856-d5fd-48fe-Scbffefb & . .
a1(0): <00) - aO(1) - 02) - G0(3) - a60) 57 o 1) links=> 15 0 8] links

a1(1): a0(4) - c0(5) - 0B) - al(7) - a{4)

Wall Surface Linke
Wall Surface |ID: "UUID_86d24b A-8ec7-44535-aaa5dc26cSfe301d”
a1(2): al(8) - al(9) - a®{10) - a®(11) -a(8)

Wall Surface Links
Wall Surface ID: "UUID_fc7d834e-73e6-455a-a4eb-5b88031642c6™
al(3): a12)-ad13)-a14) -a(15) -ad(12)

Roof Surface Links
Roof Surface ID: "UUID_d7364243-043-4a2a-beedc617c215dcbe”
al{4): a(16) - a(17) - ad(18) - a(19) - cO(16)

Ground Surface Links

Ground Surface ID: "UUID_3ecc583d-4508-44d5-ad93¢c33f6151e552"
a1(5): al(20) - al(21) - a{22) - a23) - a(20)

Buillding 1D: "DENW39AL1000mMmH4™

Wall Surface Links

Wall Surface ID: "UUID_0b0Od 1c8d-a43d-4c 52-a6cecd0ac A0368c™
a1(6): a(24) - a(25) - a(26) - a27) - a(24)

Wall Surface Links

a:! Topological Links —

File Generate  About Help

Bulding ID: "DENW40AL1000GSFN™

Wall Surface Links

Wall Surface Links
Wall Suriace 1D: "UUID_dc6ab620-dcfe-4cS$0-b017-el
al(1): a4) - cO(5) -al(B6)- al(7) - adi4)

L o MRS 751 67 0o links > 18 a links

Wall Surface Links
Wall Suriace ID: "UUID_b4Sa8e3e-bbd2-4beb-b10cc951a5540dcf4”
al(Z2): al8) -c9) -a10) -ad11) - a(3)

Wall Suriace Links
Wall Suriace 1D: "UUID_80854e2f-6A5-4e8d-8fe 7-33f 2c 1bbS177"
al(3): al12) -ad(13) - cd14) - ad(15) - a(12)

Wall Suriace Links
Wall Suriace ID: "UUID_b28c91c84-33af-4872-Scb7-0142d36fa547"
al(4): al16) -a(17) - ad18) - a(16)

Wall Suriace Links
Wall Suriace ID: "UUID_0724c4ee-5ab8-4b1f-bb71¥37e5c630d4c™
a1(5): al(19) -a(20) - c®21) - «0(19)

Reoof Suface links
Rcof Surface ID: "UUID_4373543b-4f47-476d-baeb-126abb33747"
a1(6): al(22) -ad(23) - adi24) - al(25) - a0(22)

Rcof Surface Links
Reof Suface ID: "UUID_f0055410-d318-40b7-ab24-2b 797544 342"
a1(7): al(26) -a(27) - adi28) - al(29) - c0(26)
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Results (3D a, links)

o, Links for Dataset A o, Links for Dataset B

as Topological Links — O X 85! Topological Links - O X

File Generate About Help File Generate About Help

Building ID: “DENW3SAL1000msO" Building ID: "DENW40AL1000GSFN"

a2(0): a1(5)-a1(0)-a1(1)-a1(2) -a1(3) - a1(4) a2(0):c1(8)-c1(0)-c1(1)-a1(2) -a1(3)-a1(5) -a1(6) -a1(7) -a1(4)

Building ID: "DENW3SAL1000mH4" Building ID: "DENW40AL1000GSki"

a2(1):a1(14)-a1(6)-c1(7) -a1(8) -a1(9) - a1(11) -a1(12) - a1(13) - a1(10) a2(1):a1(17)-c1(9)-c1(10) - a1(11) -a1(12) - a1(14) - a1(15) - ¢ 1(16) - ¢ 1(13)
15 a, links < 2 a, links 18 a, links - 2 a, links

innovative e entrepreneurial e global www.utm.my



@ UNIVERSITI TEKNOLOGI MALAYSIA

Results (a; links)

a, Links for Dataset A a, Links for Dataset B
85! Topological Links - O X 85! Topological Links - O X
File Generate About Help File Generate About Help
Aipha-3 Link .
‘ oad
a3(1): a2(1) - a2(0)
2 a, links 2 2 a; links No connected buildings

The a5 links describe the connection between the buildings of Dataset A which could not be referenced in CityGML due
to being connected via an “invisible” face.
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©UTM Conclusion

Cell
Dataset A: 2 connected buildings Complexes
Dataset B: 2 disjointed buildings Topological

Topological

ag link: 0D nodes to 1D lines
a1 link: 1D lines to 2D surfaces
a, link: 2D surfaces to 3D volumes

a3 link: connections between 3D volumes

Dataset A: 57 ag links to 2 a links .Decrease
in number
Dataset B: 67 ag links to 2 a, links of links

Preserve Simple and compact
topological One a, link per building
properties Describe how surfaces are connected (via an “invisible” face)
Allows navigation through topological links
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”~ Future Research

— n-dimensional case study

— 3D Smart Cities

— BIM

— Urban Pollutions (multi-dimensional)

— Visual Positioning System (VPS) Integration (local positioning)
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