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http://www.youtube.com/watch?v=u84ZyD2ie48

The 30 BAG

@ 3dbag.nl/en/viewer?r 5181.5665712556968&rdy=446859.38171179296 &0x=
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http://3dbag.nl

5D BAG layers: 8 LoDs
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A bit of background...

Developed in 3D geoinformation group

Prior to vZ we had vl

o OnlyLoD1.2

o Used by practitioners, much feedback

Co-developments within several research projects
o Initial request for LoD1.3 models for Noise simulation NL
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Click on a building to
see its attributes!

This project has received
funding from the European
Research Council (ERC) under
the European Unions
Horizon2020 Research &
Innovation Programme (grant
agreement no. 677312 UMnD:
Urban modelling in higher
dimensions).




e T T=/——— 4 eneny

estimation

!
noise modelhng

h Y
~-....“
-



NG ) :




MNEE e, 4 L &

- //////’/ & % &

o “ Heating energyd s
,7{’ = e

)/,.
AL

- 3 _ 9 A\

m o A s \ \'D
: ‘é /\‘\;j”ﬁ <> and //T 2 7 //' UI.QI.- N . \\ \ ﬂ( e LF
< V) ".;!;‘Q/Z;Fluid

Dynamic




5D BAG in practice

https://docs.3dbag.nl/en/overview/media/

Dennis Hulsegge



https://twitter.com/HeinzeHavinga/status/1438798509340303364?s=20
https://www.linkedin.com/posts/dennis-hulsegge-01a79934_digibase-bag3d-openbim-activity-6790638107390726144-s_HM
https://www.linkedin.com/posts/activity-6790525661929897985-8qvr
https://www.tygron.com/en/2021/05/20/hyper-resolution-flooding-of-the-bommelerwaard/
https://www.linkedin.com/feed/update/urn:li:activity:6787762181770407936?updateEntityUrn=urn%3Ali%3Afs_feedUpdate%3A%28V2%2Curn%3Ali%3Aactivity%3A6787762181770407936%29
https://docs.3dbag.nl/en/overview/media/

Reconstruction algorithm



Building reconstruction

pointcloud footprint polygon

LoD 2.2
Reconstruction

e Accurate 30 model with low complexity

e Inrobustand fully automatic way !
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Open data in the Netherlands -

BAG https://www.kadaster.nl/bag

up-to-date building polygons + attributes
largest extent — roofprint + underground
positional accuracy $0cm

AHN https://ahn.nl

classified point cloud
positional accuracy ~23cm (height and planimetric)
8-15 pts/m2 for buildings

occlusion and other no-data areas


https://www.kadaster.nl/bag
https://ahn.nl

Overview building reconstruction method
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Feature extraction

Input point cloud
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Plane detection

Line detection




Feature extraction

Detected planes
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Feature extraction




Feature extraction

Detected lines



L intersection lines

Line regularisation <.

Using 2-step hierarchical clustering

®

1. Basedonline orientation
2. Basedon euclidean distance within orientation clusters
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(a) Detected lines (b) Orientation clustering
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Initial roof partition

Still many small faces




Graph-cut optimisation

E(fy=XAY Dy(f)+(1=N- > Vioulfo fo)

pEP {p,q}eN

Dual graph of planar
arrangement

Pogs;k@ ladoels

1 9 3-

Zebedin et al. (2008)
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https://link.springer.com/chapter/10.1007/978-3-540-88693-8_64

Graph-cut optimisation
E(f) = A Z Dp(fp) +(1=A)- Z %,q(fpafq)
peP fpareN fs
Data term:
Volume between candidate planes and 2.5D heightfield
of point cloud at a face

heightfield

=1

Volume wrt each candidate plane

Maximises data fit
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Graph-cut optimisation

E(f)=A- ZDp(fp) +(1=A)- Z V,q(fznfq)

pEP {p,q}eN

s = { DG 2

Smoothness term:
Edge length between adjacent faces
with unequal plane label

Reduces complexity, discourages
height discontinuities

fi

f2

f4
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Final roof partition

Final roof partition
(edges between equal plane labels dissolved)

Initial roof partition
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Results: effect of optimisation weights
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Image by Ivan Paden
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Extrusion




Extrusion
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Special cases,
Limitations



Groundparts

In some cases BAG footprint includes groundparts

AHNS ground and building class BAG footprint Reconstruction result:
roofplane fitted to groundpart




Groundparts

Reconstruction with groundpart detection

AHNS ground and building class BAG footprint Reconstruction result:
groundpart removed from output




Limitation: glass roofs

Green houses: both points on ground and on roof

AHN3
ground and building class

Heightfield

Reconstruction result
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Current solution:

Limitation: glass roofs
Use greenhouse classification from

Green houses: both points on ground and on roof TOPIONL, reconstruct as LoD 12

AHN3
ground and building class

Heightfield

Reconstruction result
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Spherical surfaces

Are approximated with planar surfaces if sufficient point density

HISQQUANIBE « i
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Limitations: occlusion/no-data

Occlusion/no-data

Reconstruction AHN3 ground and building class Heightfield
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Occlusionin AHNS3 w -

52.9

45.9




Occlusion in AHN4




Occlusion effect on reconstruction




Fuse two point clouds

AHN 3+4



Data management



How to tile the data?

a
+ S
A

Y
H -
S
tmmmnn
Hl SmaEnE
H

BAG polygons g: e

S

£

i
s et
s

| H - | f 1

BT T FEFREEEE R - T [

-

o i [ :ﬁ e | T f

— » ; ”:=‘ 11 - j e |

; B 1T 1 1 H
_ T T fs |

iﬁ,ﬁ ] IXF,& I #
. 1

L R T T

FE A | .
jaf

Quadtree

Max 3500 buildings per tile



ow to tile the data?

Distribution of ?
BAG polygons 4

Quadtree |
Max 3500 buildings per tile
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Data distribution

Tiles

e (eoPackage
e C(itydJSON
e OBJ(triangulated)

Webservices

o WFS/WMS
e JDBAG AP
(OGC API CityJSON Features)

Downloads for tile number 9-280-556

To keep filesizes manageable the 3DBAG dataset is subdived in tiles. For each tile we offer the data in a number of different
file formats. Use the button below to select the tile of interest to see the download options.

Tile number Format File SHA-256 Version

9-280-556 CityJSON @ 9-280-556.city.json See tiles layer in WFS v2024.02.28

9-280-556 OBJ @ 9-280-556-0bj.zip See tiles layer in WFS v2024.02.28

9-280-556 GPKG @ 9-280-556.g9pkg See tiles layer in WFS v2024.02.28
Webservices

These allow you to explore the entire dataset in another software (eg. QGIS) without having to download anything
beforehand. Note that only the 2D projection of the models is served via WMS/WFS.

Type URL

WMS @ https://data.3dbag.nl/api/BAG3D/wms?request=getcapabilities
WFS @ https://data.3dbag.nl/api/BAG3D/wfs?request=getcapabilities
3D API (experimental) @ https://api.3dbag.nl/
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Recently added features



D B P | [ N ] (5 ) api.3dbag i X
3 / \G } \ & € O & https://api.3dbag.nl/collections ems/NL.IMBAG.Pand.1655100000500568

JSON Onbewerkte gegevens Headers

R e q U eSt d i re Ct |y C ityd S O N jr:zl::zr::opiéren Alles samenvouwen Alles uitvouwen

w CityObjects:
Featu res by + NL. IMBAG. Pand. 1655100000500568:
v attributes:
b3_bag_bag_overlap: null
b3_dak_type: "slanted"
o . b3_h_dak_50p: 7.360000133514404
. B U I | d | n g | D b3_h_dak_7@p: 7.809999942779541
b3_h_dak_max: 8.600000381469727
M b3_h_dak_min: 3.2899999618530273
‘ B O U n d | n g b OX b3_h_maaiveld: 0.7770000100135803
b3_kas_warenhuis: false
b3_mutatie_ahn3_ahn4: false
b3_nodata_fractie_ahn3: 0.04020100459456444

B a S e d O n C J D B b3_nodata_fractie_ahn4: 1

b3_nodata_radius_ahn3: 0.992850124835968
. . . b3_nodata_radius_ahn4: 5.768587589263916
(2022 geomatics synthesis project) 296.45
b3_opp_dak_plat: 11.59
b3_opp_dak_schuin: 148.15
b3_opp_grond: 149.18

b3_opp_scheidingsmuur: 0
b3_puntdichtheid_ahn3: 14.450262069702148
b3_puntdichtheid_ahn4: 0

b3_pw_bron: ""AHN3"

b3_pw_datum: 2017
b3_pw_selectie_reden: " _HIGHEST_YET_INSUFFICIENT_COVERAGE"
b3_reconstructie_onvolledig: false

b3_rmse_lod12: 0.9684685468673706
b3_rmse_lod13: 0.779878556728363
b3_rmse_lod22: 0.028267573565244675
b3_val3dity_lod12: =0
b3_val3dity_lod13: FIB



https://api.3dbag.nl/collections/pand/items/NL.IMBAG.Pand.1655100000500568
https://repository.tudelft.nl/islandora/object/uuid:9f30a507-fda3-4d73-aa32-bb7900cb04d0

Party wall areas

We calculate and include:

- areaparty walls
- areaexterior walls
- areafloorsurfaces
- arearoof surfaces
- building volume

Needed for eqg. energy label estimation

Sponsored by RVO

Party Wall, | PARTY
dividing two  ea
properties s} "~
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Calculation of party walls

Most semantic surfaces already
assigned during reconstruction

We just need to split
WallSurfaces into party walls
and exterior walls.

semantics

|
GroundSurface RoofSurface WallSurface




Calculation of party walls

For each building

1. Find neighbouring buildings

2. Extractall 30 wall polygons

5. Find co-planar polygons through
clustering by plane parameters

4. Intersect the co-planar wall polygons
from different buildings.

b. Calculate area of intersection
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Estimation nr of floors

Based on MSc thesis of Ellie Roy (Geomatics
20272

e Machine learning method based on Gradient
Boosting Regression

e Modeltrained on groundtruth data from a
couple of Dutch municipalities

e Used features collected from various
datasets (3DBAG, CBS, ...)

e Accuracy drops for>bfloors

e Available in SDBAG release v2024.02.28

building height (70p) _
building height (50p) -
building height (max) -

net internal area -

construction year .

roof surface area (lod2.2) .
avg. no. cafes in 1km .
percent multihousehold I
no. units I
ridge - eave height I

0.0 0.2 0.4 0.6 0.8

Permutation importance
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https://repository.tudelft.nl/islandora/object/uuid%3A6de4255c-ab2b-49c2-a282-ed779de092a1
https://repository.tudelft.nl/islandora/object/uuid%3A6de4255c-ab2b-49c2-a282-ed779de092a1

Thank you!

Ravi Peters
ravi.peters@3dgi.nl

Want to try the reconstruction algorithm yourself?

https://github.com/geoflowdd/geoflow-bundle



https://github.com/geoflow3d/geoflow-bundle

