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Time spend
Repair task is underestimated

Pre-processing Simulation Post-Processing

Pre-processing Simulation  Post-Processing

What people think research with simulation looks like:

What it mostly really looks like
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Time spend

Time spend realistic

Repair task is underestimated

Pre-processing Simulation Post-Processing

Pre-processing Simulation  Post-Processing

What people think research with simulation looks like:

What it mostly really looks like

Repair task is underestimated

Pre-processing Simulation Post-Processing

Pre-processing Simulation  Post-Processing

What people think research with simulation looks like:

What it mostly really looks like

Research 
question

Problem: pre-processing 
is way to long

Solution: replace pre-
processing by automatic 

(repair) process
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Local Global
Existing repair methods
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Develop a framework for the automatic repair and 
reconstruction of 3D city models to facilitate different use cases 

and implement a prototype.
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What is needed to achieve geometric validity?

How to achieve geometric validity using automatic repair?

How to preserve semantics during automatic repair?

How to achieve validity for different use cases?

What degree of validity can be achieved? 

12 of 44



What is needed to achieve geometric validity?

13 of 44



Scope of the thesis
O

BJ
Ci

ty
JS

O
N

Simple
Data-format

“extra” DataVertices ListGeometry

GroupsFaces “extra” Data

JSON 
encoding

“extra” Data
Vertices List

TransformScale

CityObjects

“extra” Data
TypeGeometry

Semantics
Geometry 
types (and 
boundaries)

LOD’s

“Successor” of 
CityGML

14 of 44



Simple
Data-format

“extra” DataVertices ListGeometry

GroupsFaces “extra” Data

JSON 
encoding

“extra” Data
Vertices List

TransformScale

CityObjects

“extra” Data
TypeGeometry

Semantics
Geometry 
types (and 
boundaries)

LOD’s

“Successor” of 
CityGML

Scope of the thesis
O

BJ
Ci

ty
JS

O
N

15 of 44



Simple
Data-format

“extra” DataVertices ListGeometry

GroupsFaces “extra” Data

JSON 
encoding

“extra” Data
Vertices List

TransformScale

CityObjects

“extra” Data
TypeGeometry

Semantics
Geometry 
types (and 
boundaries)

LOD’s

“Successor” of 
CityGML

Scope of the thesis
O

BJ
Ci

ty
JS

O
N

16 of 44



Simple
Data-format

“extra” DataVertices ListGeometry

GroupsFaces “extra” Data

JSON 
encoding

“extra” Data
Vertices List

TransformScale

CityObjects

“extra” Data
TypeGeometry

Semantics
Geometry 
types (and 
boundaries)

LOD’s

“Successor” of 
CityGML

Scope of the thesis
O

BJ
Ci

ty
JS

O
N

ISO19107

17 of 44



Simple
Data-format

“extra” DataVertices ListGeometry

GroupsFaces “extra” Data

JSON 
encoding

“extra” Data
Vertices List

TransformScale

CityObjects

“extra” Data
TypeGeometry

Semantics
Geometry 
types (and 
boundaries)

LOD’s

“Successor” of 
CityGML

Scope of the thesis
O

BJ
Ci

ty
JS

O
N

ISO19107

18 of 44



Geometric validity
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How to achieve geometric validity using automatic repair?
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Convert to TU3DJSON

Find defects

O
BJ

Ci
ty

JS
O

N

ISO 19107 validation

CityObjectVertices Transform

type GeometryObject GeographicalExtentChildren Parents Attributes

type LODBoundaries Semantics Material Texture AUTOr3paired

Geometry Properties

TU3DJSON

ISO 19107 validation
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Based on geometry type and kind of error:
split by | 
when interaction && 

one or multiple of:
coid={CityObject ID}     
geom={index geometry}

face={index face}
shell={index shell}
solid={index solid}

Validate Repair
A B

[A,B]
“delete”Delete

A

CB

D

[A,B,C,C,D]

A

CB

D

[A,B,C,D]

CB

D

[A,B,C,D,E]

E
A

Keep the �rst

A

CB

D

[A,B,D,C]

A

C
B

D

[A,B,E,C,D,E]

E

[A,B,C,D,E,D]

DA

CB

E

[A,B,C,D]

A

CB

D

A

CB

D

[A,B,C,D,E]

E

[A,B,C,E,D]

EA

CB

D

Convex hull

[A,B,C]

A CB “delete”Delete

x

v
Collapsed into a line?

A

CB

D

[[A,B,C,G,H,E,F,D]]

G

F

H

E

A

CB

D

[[A,B,C,D][E,F,G,H]]

G

F

H

E

A

CB

D

[[A,B,C,I,H,E,J,D]]

I

J

H

E

A

CB

D

[[A,B,C,D][E,F,G,H]]

G

F

H

E

Boolean di�erence

A

CB

D

[[A,B,C,D][E,F,G,H][F,J,I,G]]

J

IGH

FE

Boolean union

A

CB

D

[[A,B,C,D][E,J,I,H]]

J

IH

E

A

CB

D

[[A,B,C,D][E,F,N,J,K,L,N,H]]

J
M

N

H

FE

KL

A

CB

D

[[A,B,C,D][E,F,G,H][I,J,K,L]]

JI

GH

FE

KL

A

CB

D

[[A,B,C,D][E,F,G,H][E,F,G,H]]

G

F

H

E

Keep the �rst

A

CB

D

G

F

H

E
E

I

[[A,B,C,D][E,F,G,H][I,F,G,H]]

A

CB

D

G

F

H

E

[[A,B,C,D][E,F,G,H]]

A

CB

D

G

F

H

E

[[A,B,C,D][E,F,G,H]]

A

CB

D

[[A,B,C,D]]

C
D

A

Side view

B

Project on to best plane

AB
Side view

EC

A

CB

D

[[A,B,C,D]]

A

CB

D

[[A,B,C,D]]

C

D

A

Side view

B

A

CB

D

[[A,B,C]],[[A,C,D]]

C

D

A

Side view

B

Triangulatex

v
Within max projection 

tollerance

A

CB

D

[[A,B,G,H,C,D,F,E]]

H

F

G

E

BA

Side view

ECEE G

H

A

CB

D

[[A,B,G,H,C,D,F,E]]

H

F

G

E

BA

Side view

ECEE
HG

Project “fold” vertices on 
best plane

Split

A

CB

D

[[A,B,C,D][E,F,G]]

F

G

E

A

CB

D

[[A,B,G,E,F,D]],[[G,C,F]]

F

G

E

delete ring

A

CB

D

[[A,B,C,D][E,F,G]]

F
G

E

A

CB

D

[[A,B,C,D]]

seperate ring

A

CB

D

[[A,B,C,D]], [[G,F,E]]

F
G

E

x

v
User requirement to keep 

everything?

A

CB

D

[[A,B,C,D][E,F,G,H][I,J,K,L]]

JI

GH

FE

KL

A

CB

D

[[A,B,C,D][E,F,G,H]]

GH

FE

Keep biggest

Seperate smallest

A

CB

D

[[A,B,C,D][E,F,G,H]], [[L,K,J,I]]

JI

GH

FE

KL

x

v
User requirement to keep 

everything?

A

CB

D

[[A,B,C,D][E,H,G,F]]

G

F

H

E

Change orientation
of ring(s)

A

CB

D

G

F

H

E

[[A,B,C,D][E,F,G,H]]

A

C

B

D

G

I

F

E

LK

J

H

Alpha Wrap

E

G

C

DA

B

I

F

LK

J

H

D

A

C

B

D

A

C

B

D

A

C

B

A

C

B

D

G

H

F

E A

C

B

D

G

H

F

E A

C

B

D

G

H

F

E

Find naked edges

Reconst

if reconstruction fails:
Alpha wrap

E

HF

G

A

CB

D

J

KI

I

F

E

H

A

CB

D

G

J

E

HF

G

A

CB

D

J

KI

I

F

E

H

A

CB

D

G

J

E

HF

G

A

CB

D

J

KI

I

F

E

H

A

CB

D

G

J

Find naked edges

Reconst Hole(s)

if reconstruction fails:
Alpha wrap

E

HF

G

A

CB

D

I

J

K

I

M

J

N

L

KE

HF

G

A

CB

D

Does it have a volume

Make non Manifolds
seperate Multi surface

Delete non manifold
part

Make Composite-Solid 
with two solids

I

M

J

N

L

KE

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D

I

J

K

x

v

Based on user requirements

Based on user requirements

Split into 2 Solid

E

HF

G

A

CB

D

I

JK

I

M

J

N

L

KE

HF

G

A

CB

D

P

O

Does it have a volume

Make non Manifolds
seperate Multi surface

Delete non manifold
part

E

HF

G

A

CB

D

E

HF

G

A

CB

D

I

J
K

x

v

Based on user requirements

I

M

J

N

L

KE

HF

G

A

CB

D

P

OMake Multi-Solid with 
two solids

Based on user requirements

Split into 2 Solid

E

HF

G

A

CB

D

I

If not CompositeSurface
close holes

E

HF

G

A

CB

D

Find and delete 
intersecting edges

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D

[A,D,C,B] [A,B,C,D]

Flip orientation

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D

Boolean di�erence

HF

E G

A

CB

D

HF

E G

A

CB

D

HF

E G

A

CB

D

HF

E G

A

CB

D

Boolean union

E

HF

G

A

CB

D

E

HF

G

A

CB

D

Y
X

E

HF

G

A

CB

D

E

HF

G

A

CB

D

Keep the �rst

Delete shell
E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

DMake shell
new solid

Add shell as
part of multi-solid

x

v
User requirement to keep 

everything?

User requirement to be 
watertight?

x
v

Split into 2 solids

split into solids in 
Multi-solid

E

HF

G

A

CB

D

E

HF

G

A

CB

D

User requirement to be 
watertight?

x
v

Flip orentation

E

HF

G

A

CB

D

E

HF

G

A

CB

D

Overlap above merge 
tolerance

Make a union containing 
one solid

Second solid only gets 
the di�erencex

v
N O

P

J

E

HF

G

A

CB

D

M

K

LI

N O

P

J

E

HF

G

A

CB

D

M

K

LI

N

M

O

P

J

E

HF

G

A

CB

D

K

LI

N

HF

O

P

E

J

A

CB

D

G

M

K

LI

N

M

O

P

R

E

HF

G

A

CB

D

J K

LI
Q

N

HF
O

P

E

J

A

CB

D

G

M

K

LI

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D
I

A

Keep �rst

E

HF

G

A

CB

D

N

M

O

P

I

KJ

L

Split disconnected to 
other solids

Change type to 
multi-solid

E

HF

G

A

CB

D

N

M

O

P

I

KJ

L

User requirement to be 
watertight?

x
v
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Example repairs

Split

A

CB

D

[[A,B,C,D][E,F,G]]

F

G

E

A

CB

D

[[A,B,G,E,F,D]],[[G,C,F]]

F

G

E

E

HF

G

A

CB

D

J

KI

I

F

E

H

A

CB

D

G

J

E

HF

G

A

CB

D

J

KI

I

F

E

H

A

CB

D

G

J

E

HF

G

A

CB

D

J

KI

I

F

E

H

A

CB

D

G

J

Find naked edges

Reconst Hole(s)

if reconstruction fails:
Alpha wrap

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D

Boolean di�erence

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D

E

HF

G

A

CB

D
I

A

Keep �rst

Polygon interior disconnected

Shell not closed

Intersection shells

Duplicate solids
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Global safety net
A

C

B

D

G

I

F

E

LK

J

H

Alpha Wrap 
on polygons

E

G

C

D
E

G

C

DA

B

I

F

LK

J

H
1

A

C

B

D

G

I

F

E

LK

J

H

Alpha Wrap
on points

E

G

C

D
E

G

C

DA

B

I

F

LK

J

H
2

A

C

B

D

G

I

F

E

LK

J

H

Convex hull

E

G

C

E

G

C

A

B

I

F

LK

H
3

A

C

B

D

G

I

F

E

LK

J

H

Bounding box4

E

HF

G

F

A

CB

D

If invalid
geometry

If invalid
geometry

If invalid
geometry
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How to preserve semantics during automatic repair?
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Preservation of semantics

Etc.

split MergedFlipped Overlap
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How to achieve validity for different use cases?
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Scope of the use cases

Computational fluid dynamics Energy demand

Visualization Solar power estimation
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3D city model 

Read the file Set the UserRequirements

for each single CityObject

convert to tu3dJSON

Repairloop

geometric
repairs

get val3dity report

Do validity repairs

false

valid?true

use case
repairs

get use case Requirements

Do use case repairs

true

Repair neededfalse

true

All (user) Requirements fulfilled? false

convert Back to CityObject

Write the output Write Repair Report

UserRequirements

Repair Report in JSON

Mandatory Not mandatory

CityJSON Model Process User In/out put

In JSON or OBJ As UseCase name or in JSON

3D city model 
In JSON or OBJ 

Input

Use case
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Examples use case repair

Solid interior disconnected

Multiple connected components

Semantic parameters

Simplification parameters

E

HF

G

A

CB

D

I

JK

I

M

J

N

L

KE

HF

G

A

CB

D

P

O

Does it have a volume

Make non Manifolds
seperate Multi surface

Delete non manifold
part

E

HF

G

A

CB

D

E

HF

G

A

CB

D

I

J
K

x

v

Based on user requirements

I

M

J

N

L

KE

HF

G

A

CB

D

P

OMake Multi-Solid with 
two solids

Based on user requirements

Split into 2 Solid

Split into 2 solids

split into solids in 
Multi-solid

E

HF

G

A

CB

D

E

HF

G

A

CB

D

User requirement to be 
watertight?

x
v Validate

Add

- Keeps exsisting
- Fills in Null values 

- Validate all
- Lose original 
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What degree of validity can be achieved?
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3D city model 

Read the file Set the UserRequirements

for each single CityObject

convert to tu3dJSON

Repairloop

geometric
repairs

get val3dity report

Do validity repairs

false

valid?true

use case
repairs

get use case Requirements

Do use case repairs

true

Repair neededfalse

true

All (user) Requirements fulfilled? false

convert Back to CityObject

Write the output Write Repair Report

UserRequirements

Repair Report in JSON

Mandatory Not mandatory

CityJSON Model Process User In/out put

In JSON or OBJ As UseCase name or in JSON

3D city model 
In JSON or OBJ 

Output

Triangulated (mesh) Group triangles on 
same plane

Split groups in 
connected components

Detriangulate connected 
component to face

Post processing - detriangulation

AUTOr3pair key

Repair report
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Demo
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Unit tests
A

CB

D A

CB

D

JI

GH

FE

KL

A

CB

D

F

G

E

E

HF

G

F

A

CB

D

I

J

E

HF

G

F

A

CB

D

I

JK E

HF

G

F

A

CB

D

I

E

HF

G

F

A

CB

D

N O

P

J

E

HF

G

N

J

F

A

CB

D

M

K

LI

104 201 205 303

305 306 401 501

Result
Validate that AUTOr3pair is working 
correctly

All unit tests run automatically to verify 
compilation went smoothly and there are 
no bugs. Output is deleted after the tests

For errors: 
1) Validate if error is present at start
2) Repair (and check return code)
3) Validate if error is not present
4) Check result by evaluating boundaries

Preserving of semantics is checked 
manually
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BAG Result
 (Almost)100% valid

Geomatric difference is small

Global repairs needed in LOD 2.2

input

output

LUMC

Pieterskerk
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Brussel Result
All 3 outputs are 99.9% valid

Geomatric difference bigger for 
Orientation and watertight 

Orientation Watertight

Input Default

Global repair used for too complicated  
non-manifolds
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Use cases Results
Validity improves significantly

CGAL problems with meshes and Nef 
polyhedron --> falsely acused of overlap

CFD does give the “worst” results

One case of wrongly
preserved semantics

���
Building parts overlap

�������������������������������
Points within snap tollerance

�������
��	������������������
duplicate points

���������
��������

��
���
��
���
���
�

����������
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Global repair is needed

E

H
F

G

F

A

C
B

D

I

E

H
F

G

F

A

C
B

D

C

��������������
Self intersection

�������������������������������
Points within snap tollerance

����������
������������������
duplicate points

�������������

��
���
��
���
���
�

�����������

����������������������
with “SkipLowRepairs”

����������������
hole where deleted face

���������������������
For example due to snap_tol

�����������

���
���
���

�������������

N M

E

HF

G

A

CB

D

K J

I

The unrepairable Non-Manifolds

N M

E

HF

G

N M

F

A

CB

D

K J

L

I

I L

I

Normally would break down in parts

By cutting over point By cutting over Edge

N M

F
MMMMMMMMMMMMMMMMN

F

E

H

G

A

CB

D

K J

L

I

N M

E

HF

G

A

CB

D

K J

I

But you cannot partition this shape by one cut

38 of 44



Other issues
I

M

J

NN

L

KE

HF

G

F

A

CB

D

E

HF

G

F

A

CB

D

GG

E

HF

G

GGG

F

A

CB

D

“non” repairs for OBJ

Floating point errors

Repair descisions
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Conclusion
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What is needed to achieve geometric validity?
• ISO 19107 Standards

How to achieve geometric validity using automatic repair?
• Local repairs with the help of validation, Global as a safety net

How to preserve semantics during automatic repair?
• Link values to polygon “space”

How to achieve validity for different use cases?
• Parameters, which influence the geometric repair and/or do additional repairs

What degree of validity can be achieved? 
• Experiments demonstrate that (almost) 100% validity can be achieved but global repairs are needed
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Recommendations for future work

More input file types 
& more use cases

Intergrating val3dity 
and AUTOr3pair into 

one tool

Automatic validation 
and repair for more 

semantic values

Validation for 
preserving of 

semantics

Research on keeping 
and extending 

textures

Intergrating 
automatic validation 
and repair for LODs

3D GIS application 
for preparing 3D City 
data
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Develop a framework for the automatic repair and 
reconstruction of 3D city models to facilitate different use 

cases and implement a prototype.
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Develop a framework for the automatic repair and 
reconstruction of 3D city models to facilitate different use 

cases and implement a prototype.
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