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

The 30 BAG

Attribute
Tile number
M identificatie NL.IMBAG.Pand.@503100000032914
h_maaiveld 0.002
h_dak_70p 21.49417
i dak_type slanted
pw_bron ahn3
\ pw_datum 2013-12-01
E val3dity_codes [ 303 ]
Attribute descriptions you can find in the
documentation.
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http://3dbag.nl

5D BAG layers: 8 LoDs

Actual building
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Not Secure — 3dbag.bk.tudelft.nl
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e [evelopedin 30 geoinformation group

# o
o Toofferreliable & uniform height data for buildings ¢ ? %% -

e Started assimple height attributes g = il —
o OnlyLoD1.2 b s
) \ ‘ [] 0.00-5.00
o Used by practitioners, much feedback B sc0-050
. . . g ¢ , 5 4 | ss0-21.00

e (Co-developments within several research projects Py Wuwe

¢ [ Missing height

o Initial request for LoD1.3 models for Noise simulation NL

e Firstversionof SDBAG with LoD2.2in 2021

Click on a building to

see its attributes!
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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 (AHN3)
occlusion and other no-data areas


https://www.kadaster.nl/bag
https://ahn.nl
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5D BAG in practice

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

Dennis Hulsegge

10


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/

SOBAG in...

Femke Halsema - 3rd+ <+ Follow
Burgemeester van Amsterdam

3h- ®

& We staan aan de vooravond van de verjaardag van onze stad.
Maandag 27 oktober vieren we dat Amsterdam, na een jaar vol
festiviteiten, echt 750 jaar bestaat. En dan is het extra ...more
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https://www.tygron.com/en/2021/05/20/hyper-resolution-flooding-of-the-bommelerwaard/
https://nos.nl/collectie/13989/video/2566239-de-grootste-veiligheidsoperatie-ooit-in-nederland

Reconstruction algorithm
(https://github.com/3DBAG/roofer)



https://github.com/3DBAG/roofer

Building reconstruction

pointcloud footprint polygon

LoD 2.2
Reconstruction

e Accurate 30 model with low complexity
e [nrobustand fully automatic way



Overview building reconstruction method

intersectionﬁ@
; : boundary
lines
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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

[ -
| |

(a) Detected lines (b) Orientation clustering
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(c) Distance clustering (d) Regularised lines




Initial roof partition

Still many small faces




Graph-cut optimisation
E(f) :AZDp(fp)

peP

1= > Spa(fo fo)

{p,q}eN

Zebedin et al. (2008)

Dual graph of planar
arrangement

21


https://link.springer.com/chapter/10.1007/978-3-540-88693-8_64

Graph-cut optimisation

D, (fp) = Z |h67jghtpc (w;) — heights, (a:z)‘

xrep

Data term:
Volume between 2.5D heightfield of point cloud at a face and candidate planes

Encourages good data fit
by selecting candidate plane with smallest volumetric difference

& be

Volume wrt each candidate plane




Graph-cut optimisation

Sp.q (fps fo) = { lengthéfpa 2 g ﬁj 7: ;EZ

Smoothness term:
Edge length between adjacent faces

Minimisation entails:
e Short and simple edges
e ‘Merging’ of faces,

23



Final roof partition

Final roof partition
(edges between equal plane labels dissolved)

Initial roof partition
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Extrusion




Extrusion

Cose condibiph portex ordas
= | e
e hip € g AP hyyc b,y 1. Yig 1Vis o Ve %
l’\i)s. Cb- L‘zA
v g V. 1V \’v‘ v
— lo A_HA—/OCL__ ‘\A('l"lB ANDL\‘LA>L\13 . g'}\) A) 8 ?_EQ,(_Q,S!
_/_W ! q. VLA) VZ@"\/)(
hnfs Q h2 g
% N

by ¢ L\’B AND hoges LlB 1. VI‘B, Yn, Voa

26



Effect of complexity term A

(a) 1= 0.01

ey

d)A=06 () A1=08

Image by Ivan Paden

(f) 1=0.99
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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

31



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

32



Spherical surfaces

Are approximated with planar surfaces if sufficient point density

HISQQUANIBE « i

o FEE 8™
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Limitations: occlusion/no-data

Occlusion/no-data

Reconstruction AHN3 ground and building class Heightfield

34



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?
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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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SDBAG tech stack

{ola}

CityJSON
@, -
“’3DTies
%’docker Q
DAGSTER
.\‘KOpenAPI (b GeoServer

L \4
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SDBAG repositories https://github.com/3DBAG

°
= O 3DBAG Q Type 7)to search + . O n B8 @

(@ Overview [] Repositories 13 ©J) Discussions [ Projects 2 @ Packages A Teams A People 5 |~ Insights &2 Settings

SUEI 3pBAG

| Su

Unfollow

[

o é Av26followers () Netherlands ¢ https://3dbag.ni/eniviewer 3 info@3dbag.nl

® View as: Public ~
README .md V4
You are viewing the README and pinned

3 D BAG repositories as a public user.
Get started with tasks that most successful
organizations complere.

This is the GitHub organisation of the 3DBAG Innovation Platform. This place is used for collaborating on the software that used

for producing the 3DBAG, for organising the 3DBAG development and communicating with the 3DBAG users and contributors. ) . i
Top discussions this past month

The main platform for communication are the Discussions. If you have any questions or comments about the 3DBAG in general,
about a specific software or you spotted an error, please review first if you question has been answered already. If not, don't
hesitate to open a new discussion.

Discussions are for sharing
announcements, creating conversation in
your community, answering questions, and
The software that you will find in this organisation: more.

Start a new discussion

3dbag-api: OGC Features API that serves the 3DBAG CityJSON data at https://api.3dbag.nl/
 3dbag-dashboard: Quality dashboard for the 3DBAG at https://3dbag.nl/en/dashboard

« 3dbag-docs: The 3DBAG documentation at https://docs.3dbag.nl/en/
3dbag-pipeline: Production pipeline that orchestrates source data ingestion, preprocessing, building reconstruction,

postprocessing and deployment a“ @ ‘
» 3dbag-viewer: The 3D viewer at https://3dbag.nl/en/viewer =

CityBuf: Experimental City)SON encoding as FlatBuffers

People

Invite someone

geodepot: Test data management system for geodata

geodepot-api: API to a geodepot repository
roofer: Automatic LoD2.2 building reconstruction that generates the 3D building models of the 3DBAG

Top languages

@ Python @HTML @ Rust @ CMake 45
Pinned Ciswinize pin @ Jupyter Notebook

M 2dbhanviewear Diihlic . M ranfer piihlir


https://github.com/3DBAG

SDBAG additions



5 B Q (; Q Pl ‘ ® | api3dbag. i X
€ 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: =1
b3_val3dity_lod13: "



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}

R were”

l

Owner 1

e W | g

e R

R o NN

48



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

49



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

50


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

Underpasses




Add underpasses through boolean difference

‘8

Existing 3DBAG model Underpass volume 3DBAG model with underpass

52



Underpasses: 20 + height

2D geometry Height - 3 possibilities:
1. Fromexisting 2D 1. Measurements: streetlidar, oblique images
mapdata (BAG+BGT) 2. Assumptions: eg. “underpass is minimum 2.5 m"

3. Crowdsourcing via SDBAG viewer

53



2D underpass detection

 —

BAG dataset BGT dataset Underpass (before cleaning)
54



20 underpass processing

Classification interior/exterior edges

Exterior edge ofsetting

55



Detectie In Rotterdam
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Height estimation from streetlidar

NL.IMBAG.Pand.0363100012146576

Histogram of Z values

70000 : 3.83m i i i
: i |
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Z range [-0.60, -0.28) Peak 2: 3.30 m Peak 3: 6.39 m G-l
Covered area 63.25 m”™2 Z range [3.05, 3.55) Zrange [6.14, 6.64) Zrange [1.81, 2.31)
Largest contiguous area 63.25 m~2 Covered area 27.50 m”2 Covered area 24.25 m™2 Covered area 17.25 m”~2
+4.892e5 Largest contiguous area 27.50 m”~2 Largest contiguous area 17.25 m”™2 Largest contiguous area 7.75 m~2
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Height estimation

NL.IMBAG.Pand.0363100012095711

Peak 1: -0.36 m
Z range [-0.54, -0.11)
Covered area 70.50 m”2
Largest contiguous area 70.50 m”~2

Histogram of Z values

+4.892e5

Peak 2: 3.22 m
Z range [2.97, 3.47)
Covered area 25.00 m”2
Largest contiguous area 24.25 m”~2

Peak 3: 1.99 m
Z range [1.74, 2.24)
Covered area 38.25 m"2
Largest contiguous area 19.50 m~2

120000 4

|

e |, 3

100000

80000 -

Count

60000

40000 A

20000

12
X +1.25e5

6 8 10 12

a4 6 8 10 12 4 6 8 10 12
X +1.25e5 X +1.25e5



Count

Height estimation

NL.IMBAG.Pand.0363100012170850

Peak 1: 2.36 m Peak 2: 8.51 m Peak 3: 4.99 m
Z range [2.11, 2.61) Z range [8.26, 8.76) Z range [4.74, 5.24)
. Covered area 421.50 m”™2 Covered area 394.75 m”™2 Covered area 93.00 m™2
Histogram of Z values Largest contiguous area 409.75 m”™2 Largest contiguous area 365.50 m”™2 Largest contiguous area 24.75 m”™2
1 ] 1
1 5 15 ! 486260 /d — Polygon / —— Polygon / — Polygon
.15 m \
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i |
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I 1
400000 + I 1
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i |
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I 1
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100000 1 486200 -
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Height estimation from obligue images

Perspective projection & image rectification g



Height estimation from obligue images

h
=

200 400 600

A) edge detection and image segmentation

800

0

100 A

200 4

600

0 200 400 600

B) depth estimation with Al (DepthAnything v2) 61



Results

62



SDBAG future work



Future work

Incorporating local pointclouds (municipalities)
o Improve data quality and timeliness

Detect simple primitives/surfaces of revolution

Further improve geometric validity
o Already>99% is valid, but there are still some issues

More efficient data exchange format
o CityJSON has some limitations (text based, requires parsing)
o "FlatCityBuf” a binary flatbuffer encoding of
CitydSONSequences
m No parsing needed, thus faster reading and more
memory efficient
m Alsosuitable for ‘cloud native'applications

Address defects in point cloud caused by eq.

occlusion
o Using'RoofDiffusion”approach?

(b) ©)

Py
h

https:/github.com/kylelo/RoofDiffusion

Zebedin et al. (2008)



https://github.com/kylelo/RoofDiffusion
https://link.springer.com/chapter/10.1007/978-3-540-88693-8_64

Thank you!

Ravi Peters
ravi.peters@3dgi.nl

Want to try the reconstruction algorithm yourself?

https://github.com/3dbag/roofer



https://github.com/3dbag/roofer

