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I. Context
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I. Context
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Input for circularity strategies
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Mapping



6

Case of roofs
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Statistical estimation approach

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

Wavelength [nm]

N
o

rm
a

liz
e

d
 r

e
sp

o
n

si
vi

ty

Human: 3 molecules Silver Spinyfin: 38 molecules
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Hyperspectral imagery 

Priem, Canters, 2016



10

Hyperspectral imagery
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II. Problem & research questions
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Salt and pepper effect

Pixel size = 4x4m
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Pixel size = 4x4m



14

Problem statement

Å1) Need for identifying pixels

containing spectral variations.
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CityGMLïLevels of detail (LOD)
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Problem statement

Å1) Need for identifying pixels

containing roof material deviations.

Å2) A highly detailed 3D city model

(LOD >2) would fulfil such criterion,

it is often unavailable.
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Proposed approach

+

existing 3D city modelpoint cloud

semantically 
enriched 3D city model

hyperspectral imagery

spectral variation filtering
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Point clouds
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Light Detection and Ranging (LiDAR)
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Proposed approach

+

existing 3D city modelpoint cloud

semantically 
enriched 3D city model

hyperspectral imagery

spectral variation filtering
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Semantical enrichment

=
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Research questions

How can a CityGML LOD2 model be semantically enriched in order 

to improve material classification performed on roof surfaces?

Å1. Which method is suitable to identify ódeviationsô of LiDAR point 

clouds compared to LOD2?

Å2. What are the requirements with regard to CityGML LOD2, LiDAR 

point clouds and hyperspectral imagery data?

Å3. To which extent does such a method support the identification of 

clean pixels?
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Existing research on point cloud segmentation, 3D city models and their application 

άIƻǿ Ŏŀƴ ŀ CityGMLLOD2 model be semantically enriched in order to improve  
ƳŀǘŜǊƛŀƭ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǇŜǊŦƻǊƳŜŘ ƻƴ ǊƻƻŦ ǎǳǊŦŀŎŜǎΚέ

Point Cloud

CityGML

LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ΨŘŜǾƛŀǘƛƻƴǎΩExtraction of 
geometries

Surfaces

Fusion with imagery

Clean pixels/cells

Methods development & testing Results & discussion
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Ψ5ŜǾƛŀǘƛƻƴΩ 
points
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Method results

DǊƻǳƴŘ ΨǘǊǳǘƘΩ
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statistics

Legend:

inputs processes flows
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III. Development of the methods
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III.1 Deviation identification
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Data inputs

ÅAHN 3 open point cloud data (2016)
ï8 points/m2

ïOnly class óbuildingô (filtered)

ÅOpen CityGML model of Rotterdam (2016)
ïLOD2 semantic model including roof surfaces

ïPosition, orientation of roofs
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Mathematical tools

k-nearest neighbours Principal components analysis (PCA)
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Exploration

Normal vectors, with deviation >8°
using PCA on KNN=10

Points located at more than 30cm from 
the main roof surface
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ÅReduce point cloud to roof surface (2D)

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

ÅThe points with a distance >threshold
(in m) are labelled as deviation seeds
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ÅRegion growing from the seeds:
ÅFor each seed, find the 10-nearest neighbours

ÅElse: calculate the local normal using PCA on vicinity (10-nearest neighbours)

ÅIf the normal vector is >threshold° different: add point and restart process 
from that point.

ÅStop once no points can be added and no seeds are left
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III.2 Extraction of geometries
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Convex Concave

Border
extraction

Wang, Shan 2009

De Berg et al. 1997 Moreira, Santos 2007

Options

Voronoi

+ no settings
- overestimation 
- no holes

+ minimal surface
- no holes/settings

+ allows holes
- settings

+ holes & [1:n]points
+ no settings
- requires all points
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Voronoi diagram: infinite lines
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393.5 m



403.5 m
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III.3 Fusion with imagery

APEX imagery of Rotterdam (2014)
Red = 399-413 nm, Green = 1145-1155 nm, Blue = 2423-2432 nm
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Aerial/Hyperspectral imagery acquisition

Source: https://twitter.com/APEX_RSL/status/450568985386303488, https://directory.eoportal.org/web/eoportal/airborne-sensors/content/ -/article/apex

Airborne Prism Experiment - APEX (380-2500 nm, up to 532 bands)
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Sensor technology: line scanner
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From pixel to mesh
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483.5 m
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III.4 Validation

1500 m
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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)

Validation sample

1500 m


