3D City Models in the Context of Urban Mining

A case study based on the CityGML model of Rotterdam
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Input for circularity strategies
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Mapping
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Case of roofs
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“In general, the lifetime of an asphalt shingle roof ranges
P between approximately 12 to 25 years”
TUDelft (Townsend et al., 2007)



Statistical estimation approach
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Accumulation and remaining rate of buildings (left) and material stock over time.
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Hyperspectral imagery
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Hyperspectral imagery

multispectral
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hyperspectral
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Hyperspectral imagery
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urban surface cover type
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ll. Problem & research guestions
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Salt and pepper effect
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Pixel size = 4x4m
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'I("U Delft Pixel size = 4x4m




Problem statement

identlfying piXeIS hyperspectral imagery
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CityGML T Levels of detail (LOD)

LOD2 LOD3 LOD4

QAN

Building

Building

Building Interior
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Problem statement

A

A 2) A highly detailed 3D city model
(LOD >2) would fulfil such criterion,
It Is often unavailable.
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hyperspectral imagery

semantically
enriched 3D city model
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Proposed approach

hyperspectral imagery
enriched 3D city model

semantically

existing 3D city model

pom cloud
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Point clouds
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Light Detection and Ranging (LIDAR)
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Proposed approach

hyperspectral imagery
enriched 3D city model

semantically

existing 3D city model

pom cloud
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Semantical enrichment
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Research guestions

How can a CityGML LOD2 model be semantically enriched in order
to iImprove material classification performed on roof surfaces?

A methoo

A requirements

A 3. To which extent

]
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Societal relevance

Existing research on point cloud segmentation, 3D city models and their application
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lll. Development of the methods
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111.1 Deviation identification
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Data inputs

A AHN 3 open point cloud data (2016)

LiDAR PointCIoLJd E I 8 p0|ntS/m2
AHN3 Open Data 3 i Only c¢class O6buil dingbd
+ " A Open CityGML model of Rotterdam (2016)

I LOD2 semantic model including roof surfaces
I Position, orientation of roofs

‘ 3D City DB

Roof geometries
Rotterdam CityGML Open Data
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Mathematical tools

k-nearest neighbours
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Principal components analysis (PCA)

Minimize residuals
(squared distance)
in this direction
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Exploration

Points located at more than 30cm from
the main roof surface

]
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Normal vectors, with deviation 38
using PCA on KNN=10
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(D Detect points far

fromroof surface -~ | =
.

AReduce point cloud to roof surface (2D)

AAIl points from-1m until +20m are
taken into account (region of interest)

AThe points with a distancethreshold
(in m) are labelled as deviation seeds

\



@Grow regions from these points, Slane-fitting

'\ comparlng normal vectors . (knn & pca)
\\ o o
o k-nearest ' . . - >
: NN @ ? @
neighbors fJ| *\\ "> " .

® _ -5
22 . devlatlon— \

/3| -~ - e
. s for eaCh o V| cal Vl of surfa \
9278 - |epeat for all

added points

ARegion growing from the seeds:
AFor each seed, find the 4@arest neighbours
AElse: calculate the local normal using PCA on vicinitpéafest neighbours)

AlIf the normal vector isthreshold different: add point and restart process
from that point.

A Stop once no points can be added and no seeds are left
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[11.2 Extraction of geometries
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Options

PR
*no settl_ngs_ + minimal surface
- overestimation De Berg et al. 1997 CO nvex Concave Moreira, Santos 2007 - no hoIes/settings
- no holes
+ allows holes Border \/OIONOi + holes & [1:n]points
- settings S _ + no settings
':"x extraction - requires all points

=002
153 boundary points

Wang, Shan 2009
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) create a voronoi diagram
with all points

]
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(@ extract cells of points
labelled as deviations

(®)store results on the

correspMof
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Q deviations_0.2_0.9962_extend_validations :: Features Total: 1108, Filtered: 1108, Selected: 0

] &
)
roof surface gmlid

4 RCID_0523bf5d-5525...

3 RCID_0675094a-3a61...

6 RCID_0675094a-3a61...

7 RCID_0675094a-3a61...

8 RCID_0675094a-3a61...

9 RCID_0675094a-3a61...

10 RCID_074a3be4-b54f...
11 RCID_074a3be4-b54f...
12 RCID_074a3be4-b54f...

13 RCID_074a3be4-b54f...

14 RCID_078a3a40-0676...

15 RCID_08f38eb7-2112...

16 RCID_0a891b09-35¢3...
17 RCID_0c874e23-98c0...
18 RCID_0c98a539-652¢...

19 RCID_0d765dde-3294...

<
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mean distance to roof

1.2205382795970425

0.17233333333033826

0.008499999999761783

0.07050000000021966

1.0023163265277715

0.7101901408437957

-0.19182035826440114

0.18812835968431704

-0.1828203582644008

-0.1982489296929728

-0.24699067797208507

0.17520361797670392

-0.08109852063611672

-0.42931823560303084

-0.4480519774378633

3.588548826005052

90th percentile distance to roof

2.992425118027571
0.9554999999970752
0.08789999999972976
0.21950000000019063
2.14259999999754 54
2.1372999999985334
-0.22802035826440062
0.24077964173560246
-0.27822035826440084
-0.2522203582644025
0.06306607130546837
0.5347973504784584
0.043064315256821285
-0.8840943870002356
0.06361311228410764

19.571884974338342

ID_0599100000652624

ID_0599100000634532

ID_0599100000634532

ID_0599100000634532

ID_0599100000634532

ID_0599100000634532

ID_0599100010056978

ID_0599100010056978

ID_0599100010056978

ID_0599100010056978

ID_0599100010056978

ID_0599100000634532

ID_0599100100004134

ID_0599100010056978

ID_0599100010056978

ID_0599100000359215

building gmlid

? Shows All Features,

41






Aerial/Hyperspectral imagery acquisition

Airborne Prism Experiment - APEX (380-2500 nm, up to 532 bands)

CCD 55-30
Ground Imager
Srambler
Slit Filter
fries Ml_A Folding
o Mirror
Mirror VNIR Channel
Collimator
Prisms
MCT Detector
i ——]
= U
SWIR Channel
TUDelft )

Source: https://twitter.com/APEX _RSL/status/450568985386303488, https://directory.eoportal.org/web/eoportal/aidsemsors/cotent/ -/article/apex



Sensor technology: line scanner

Sensors:
SWIR (940-2500 nm): CMOS - 1000*199 pixels

VNIR (380-970 nm): CCD - 1000*334 pixels
A

<
Spectral dimension:

199 (SWIR) or 334 (VNIR) pixels

]
TUDelft

.
Flight path

Spatial dimension: integration time * plane speed

44



From pixel to mesh
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pixels_0.2_0.9994_1D_0599100000422432 :: Features Total: 48, Filtered: 48, Selected: 0

o] £

LT E® D B = &

15
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17
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

building gmlid

ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432
ID_0599100000422432

ID_0599100000422432

roof surface gmlid

RCID_416cbefe-454c-4b74-83be-f771a47e95cd
RCID_416cbefe-454c-4b74-83be-f771a47e95cd
RCID_416cbefe-454c-4b74-83be-f771a47e95cd
RCID_416chefe-454c-4b74-83be-f771a47e95¢cd
RCID_416chefe-454c-4b74-83be-f771a47e95¢cd
RCID_416chefe-454c-4b74-83be-f771a47e95¢cd
RCID_416cbefe-454c-4b74-83be-f771a47e95cd
RCID_416cbefe-454c-4b74-83be-f771a47e95cd
RCID_28845666-21bc-40c5-8f6b-a7b746baalas
RCID_28845666-21bc-40c5-8fob-a7b746baalas
RCID_28845666-21bc-40c5-8fob-a7b746baalas
RCID_28845666-21bc-40c5-8f6b-a7b746baalas
RCID_28845666-21bc-40c5-8f6b-a7b746baalas
RCID_416cbefe-454c-4b74-83be-f771a47e95cd
RCID_28845666-21bc-40c5-8f6b-a7b746baalas
RCID_28845666-21bc-40c5-8fob-a7b746baalas
RCID_28845666-21bc-40c5-8fob-a7b746baalas
RCID_28845666-21bc-40c5-8f6b-a7b746baalas
RCID_28845666-21bc-40c5-8f6b-a7b746baalas
RCID_28845666-21bc-40c5-8f6b-a7b746baalas
RCID_28845666-21bc-40c5-8f6b-a7b746baalas
RCID_28845666-21bc-40c5-8fob-a7b746baalas
RCID_28845666-21bc-40c5-8fob-a7b746baalas
RCID_28845666-21bc-40c5-8f6b-a7b746baalas

RCID_b7ad193e-b9b6-43c6-a263-3bad24d143b8

apex ﬂféht line

south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south
south

south

row in apex data

6635
6635
6635
6635
6634
6634
6635
6634
6635
6635
6636
6636
6634
6635
6634
6634
6639
6638
6640
6640
6637
6637
6638
6637

6641

col in apex data

293
297
205
294
297
290
297
297
284
287
289
287
286
294
284
287
289
289
290
289
289
287
289
289

297

cell area

16.22245119043678

16.24232918001429

16.215841452350...

16.219142055361...

15.253126894845...

15.288348170030...

16.24565884514373

15.240817381654...

16.23913213314852

16.242492668019...

16.305097851228...

16.309124957902...

15.318402141568...

16.212549400503...

15.29554931764578

15.29916221256968

14.335818835706...

16.07770587344237

16.738973672388...

16.561445723163...

17.605116002197...

17.6104585216051

16.08278441055711

17.5997833447767

16.218508029249...

percentage of deviations

0.011441388603047827
0.0008884657367186167
0.0004227979504107229

0.246804580589202
0.24199628905864154
0.3062960587334088
0.259972733280827
0.14166728480440938
0.02782443552042295
0.18893176817091717
0.0523484418981879
0.25449862643529675
0.31892393076620695
0.383443159805518
0.0010693754828837807
0.024945794063467294
0.17155123723252663
0.21897873445585644

0.306504829538554

0.3193616884693755
0.5352957748956251
0.26746259412850204

0.27010374574896373

percentage of cell in roof

0.9275544544333543
0.999443417862267
0.834973894219926

0.8051249834000523

0.9853216827648248
1.0000000000000002
0.9455267374467047
0.7474038510561642

0.8088028567266443

1.0000000000000002

0.870184833107257
0.7101994084037123
0.9999999999999993
0.7745981073477008
0.9770337101024849
0.7689971277413774

0.9038385214757328
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Validation sample
Legend:

Used for all 4 validations
incl. cells partially outside
roof

Used only for validations
with cells 100% inside roof
(A&B)

Only used for level A

(cell number bias)

1500 m
5
TUDelft
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