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Visibility analysis

Solar potential estimation

3D cadastre

Energy demand estimation Infrastructure planning

Emergency response

Indoor navigation

Noise propagation | ! 5

Shadow estimation

management
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Visibility analysis

Solar potential estimation

3D cadastre

Energy demand estimation

Indoor navigatio

Noise propagation

Utility management
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Time spend

Pre-processing Simulation Post-Processing
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Time spend

Pre-processing Simulation Post-Processing

Time spend realistic

Pre-processing Simulation Post-Processing
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Time spend

Pre-processing Simulation

— \

Problem: pre-processing
is way to long

Pre-processi

Post-Processing

B - A J

Solution: replace pre-

(repair) process

N

processing by automatic

7 of 44

)n Post-Processing




2D

Existing repair methods
Global

| ocal

— —(T_\ A B\ . B
\ ,7 \ \;’7 \ a
(Y (HI I H3
\ ‘ ,&’ﬂf \ 4 i
1,654 1,110 368 198
Y ) 2 i B
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2 }\ X q' A . ’ / )
= 2 p‘f\:{- 7 .-’/\}f » y
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dy e) - %? { (Rl
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16,034 9,616 4,332 2,876
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L8 i Ny
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_ | / | 37,282 21,242 10,432 8,782 11,998 15,944 37,556
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i
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o
o
a
x
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o
[+1]
109,270 70,898 60,364 79,192 112,312 145,300 338,084
BBox Diag. / 5000 / 2000 /500 /200 /50 /20 /5
Offset
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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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Semantics

BuildingPart

Buildin

BuildingPart

Buildin

[nps]

BuildingPart

Building
Installation

Visibility analysis

Energy demand estimation

(-

Emergency response

Shadow estimation

Utility management

Geometry

Solid ]

F%Gﬂ‘ L;

Solar potential estimation

3D cadastre

\“
|

Indoor navigation

Noise propagation

Infrastructure planning




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?
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What is needed to achieve geometric validity?
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CityJSON

Scope of the thesis

{®

& - 1SON
CityJSON €ncoding

i Lizvg
- ] -

“Successor” of "jres

® 00
“extra” Data

-C-i-tydIVIL CityGML !}_ CityObjects
s
I I I
Nt
Geometry EE Type
LD
|
| I |
> - © 23 Geometry
:::; LOD’s & types (and Semantics
P 41 = == boundaries)

e
\ D Vertices List
Q.
0
[
|
Scale

CC’“ )) Transform

® & O
“extra” Data

OBJ

I—:-I Simple

- Data-format
<)

N
.’ Geometry

@ Faces

00
Groups “extra” Data

\ _‘o_--_;-q

o-

NV
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CityJSON

Scope of the thesis

{®

o | JSON
CityJSON Encoding

CC- )) Transform

— 0
w:n: “Successor” of irnn posey _ o2 . .
CityGML CityGML !\._ CityObjects V2. Vertices List
Seiltey h ‘6
|
I I I
~g- .
.’ Geometry EE' Type 00 Scale
S “extra” Data
|
1 | |
e © 23 Geometry
:::; LOD’s & types (and Semantics
P ¢ == == boundaries)

® & O
“extra” Data

OBJ

I—:j Simple

- Data-format
<)

-._j‘.b

| ,0 Vertices List

@ Faces

g
.’ Geometry
I
® 00
Groups “extra” Data
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Scope of the thesis

{Q &  JSON
CityJSON encoding

Z e r-—g.- "~~~ ~--=-- 1
O s | Successortol . - CityObjects | & 0 Vertices List | ® 0 0
_ 9 I extra” Data
m I ~ L o o = _I ——————— . |
! | | | -7 |
> N EE% Lo | CCiDD f
e .’ Geometry LG Type ® 00 . Scale — Transform
) 9 “« ” 'd
Ty QY)Y D extri Data
I

U T | | -7

>~ - 29 Geometry I

:::; LOD’s & types (and Semantics

P 41 = == boundaries)

] Simple
—  Data-format
= a)
I
) | S . |
0-
an i e o] NN
O .’ Geometry - —: 0 | ' o Vertices L|st: “axtra” Data
| —’—’—’ I.___HP. ______ ,
| = |

R L 00
Faces [~ ~ Groups “extra” Data
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CityJSON

Scope of the thesis

{Q &  JSON
CityJSON encoding
]

=+ Successor” of

CityGML CityGML

_ ; : e | Geometry
voae O0° d e types (and
L XN @ <& @ boundaries)

® 00 _ - -
”extra”/Da»ta

I P -
o9 |
f D Vertices List |

° |

® & O
“extra” Data

OBJ

r — 6 1
*. | v Q'Q I
.’ Geometry - - \\ | ,0 Vertices Listl
Q.\\/,
| - - T ,
| — - - I
® 00

@ Faces [ * Groups
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Scope of the thesis

{®
CityJSON
]

& JSON

encoding

=+ Successor” of

CityGML CityGML

m <[ ypas==
GM_Object
. I .'I-’l'll.

: |
> =<Typess << Types>
H @8 GM_Complex GM_Aggregate

© mmmmm b “extra” Data il il
L) s I 1
| I - o | Y PEe o | WP B << [ ypes:
. < GM_Primitive GM_Composite GM_MultiPrimitive
- I/ ”
> > © 27 Geometry il £
= Tl Y . I I
W | OD’s & w¢  types (and Semantics
... "l . =<Type=> | <=Type>> <<Typess
. a S boundanes GM Point [ GM_CompositePoint GM_MultiPoint
T
<= Typass
GM_OrientablaFPrimitive
(from Geometric primitiva)
)
r-—-j Simp
T— <z ypas= <<T T
. - Ypass << Type==
L_ J Data GM Gnenta!:lleﬂ_urj.f!& [ GM_CompositeCurve GM_MultiCurve
(from Geometric primitive)
3
) [ - — — — JI. - - <<Type>> <<Type>> <<Type>>
m r 0- [fGM E"E“Lﬁtb.h?s“”‘i?e ] - GM_CompositeSurface GM MultiSurface
*. | N Q'Q rom Geometric primitive
Iy . I
Geometry - = \\/ @ Vertices |
- --" l 0./, <<Type>>
- = : GM_Curve
I - - L o o o o o om o mm omm =< Typas:s
| — | GM_Surface <<Types> | <<Types> =<Types>
- GM Salid - GM_CompositeSolid GM_MultiSolid
- ® 00

Faces

“extra” Data
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Geometric validity

One
CompositeSolid

e L L L L e
invalid Rings and :Enlval}datlnnhrgéeg applied to .
Surfaces ,prlmlt}uEE embedded 1n 20D space
:planarlty of surfaces
valid
® Fmmmmm e
|
| 1. topology
] _ ] chells 1 2. geometry (intersections of surfaces)
Point LinearRing Polygon ) | 3. orientation of normals
4, etc,
|
|
invalid
-l ,
valid
' . O S O e e e e .
[
Solid | interactions between the outer and
:inners shells
MultiSurface CompositeSurface V-
v e o malic
1 valid
Y
Solid MultiSolid CompositeSolid !
CompositeSolid :interactinns between the Solids
|
|
invalid valid
Invalid Valid
- -
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How to achieve geometric validity using automatic repair?
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CityJSON

Conngrt to TU3DJSON
= %%

@ GeometryObJect -------- GeographicalExtentj Attributes

Vertlces Transform

O

«CityObject» ) \

GeometryObjects

l

type

type Boundaries H LOD Semantlcs Materlal Texture AUTOr3paired H

C

«OBJ_Geomtype»

\

Boundaries type

OBJ

Geometry I Propertles

TU3DJSON feature

C

T

-
CompositeSolid

TU3DJSON
Solid & MultiSolid]|
CompositeSu rface:

Find defect

LinearRing level CityGML Objects

One
CompositeSolid

invalid Rings and
Surfaces

I2D validation rules applied to

y primitives embedded in 3D space +
lplanarlty of surfaces 181 TOO_FEW_POINTS 601 BUILDINGPARTS_OVERLAP
------------------------------- i 182 CONSECUTIVE_POINTS_SAME 609 CITYOBJECT_HAS_MO_GEOGMETRY
183 RING_NOT_CLOSED
184 RING_SELF_INTERSECTION -

valid

(Polygon level Others

201 INTERSECTION_RINGS

202 DUPLICATED_RINGS
203 NON_PLANAR_POLYGON_DISTANCE_PLANE

............................... 204 NON_PLANAR_POLYGON_NORMALS_DEVIATION
361 TOO_FEW_POLYGONS == === == === cme b these 2 not possible

205 POLYGON_INTERIOR_DISCONNECTED
L ]
valid
’ Va 1
yoTTT T s T mmEmm e mE e |
Solid i interactions between the outer and
o y inners shells
!_ ______________________________ 1
302 SHELL_NOT_CLOSED <======mcm=====F="""" for CompositeSurface

206 INNER_RING_OUTSIDE
207 INNER_RINGS_NESTED
208 ORIENTATION_RINGS_SAME
invalid 383 NON_MANIFOLD_CASE
- 385 MULTIPLE_CONNECTED_COMPONENTS
306 SHELL_SELF_INTERSECTION
387 POLYGON_WRONG_ORIENTATION
\J )

(solid level

1. topology

2. geometry (intersections of surfaces)
3. orientation of normals

4. elc,

Shells

S

M-IU_MITJILE

s288
5

invalid

(Shell level

valid

CompositeSolid

401 INTERSECTION_SHELLS
492 DUPLICATED_SHELLS
ﬁ INNER_SHELL_OUTSIDE
SOLID_INTERIOR_DISCONNECTED
l 405 WRONG_ORIENTATION_SHELL

e .

invalid valid

¥

Invalid Yalid
@ o Solid interactions level

581 INTERSECTION_SOLIDS
582 DUPLICATED_SOLIDS
503 DISCONNECTED_SOLIDS
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Validate

_______

P >{[array of errors]

rall_errors I
dataset_errors @-f----momsonmoomees >[[array of all 900 errors]]
f ®-1--. e )
features - . ) type | CityObject type
eatures_overview __________ )([array of features] 0-} -------------------- > total | Count of type
input_file input file as string 5 valid | count valid of type
input_file_type CityJSON [overlap_tol parameter used, standard: -1.0 | ) ’
parameters ®"[""31" planarity_d2p_tol | parameter used, standard: 0.01
primitives_overview ®[i |planarity_n_tol |parameter used, standard: 20.0
i moment of repair " | snap_tol parameter used, standard: 0.001 | ) X
type val3dity_report AN type ®-f----
val3dity_version version used,now 2.4.0 JRREEE >[ [array of primitive types] 0-} ---------------- > total | Count of type
validity true or false ) | valid | count valid of type
r 2 rerror o}
errors ®----- >[[array of all 600 and 700 errors]J - : —
- : id index of primitive
id id of the feature
S P type °-|-
> ([array of features] 0-}----> primitives o- ---------‘{[array of primitives] 0-] --------- validit irUe or false
type CityObject type - Y
| validity true or false

One of:

MultiSurface

CompositeSurface

Solid

MultiSolid

| CompositeSolid

rOne of:

MultiSurface

CompositeSurface

Solid

MultiSolid

| CompositeSolid

val3dity

Based on geometry type and kind of error:

one or multiple of:

[ABCCD]

[AB,C,DE]

[ABC]

[ABECDE]

I

[ABCDED]

>

[ABDC]
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X Convestull ’

“delete”

[AB,C,D]

“delete”

[ABCDE]

[AB,CED]

[ABCD]

I

o—F—0
[TA,B,C,DIIEFGHI

[[A,B,C,DIE,F,GHI]

[[A,B,C,DI[E,FGHILIKL]

B

3 C
[(A,B,C,DIIEFGHIIFJIGI

o——0

1

O—0

[[AB,C.DIEFGHIEFGHI Keep thefist '
o—0

e

o0—F— 0

[[A,B,C,DI[E,F,G,HILFEGHII

[[A.B,C,HEJDII

[[A,B,C,GH,EFDII

[[A,B,C,DI[EJ,LHI]

il

[[A,B,C,DI[E,F.GHII

il

[[AB,CDIEFGHII

[(A,B.CDIEFG]]

= g
]
E

[[ABCDIEFG]

P

[[A,B,C,DI[EFGHIIJKLI

[[AB,CDIIEH,GFI]

<
v

Tangul ’
X [(ABCILIACDI

[(AB,CD

Side view

[(A,B,GEFDILIGCFI

[(AB,CD]]

¥

[1A,B.C,DI], [IG/FEN

[[ABCDIEFGH]

=,

[[A,B,C,DI[E,F.GHI], [[LKJ1I]

[[AB,CDI[EFGHII




Example repairs

1
4 o
S 0- bk
o J o tf
o Q eeeeeeeeeeeeeeee >
v . j #:;’:—_____ﬁf .",*
o O E;r::i':::-}* | o
[[A,B,C,D][E,F.GI] [[A,B,G,E,F,DI},[[G,CFI] Q-------- _ P ........ -
6 y ° Y
Polygon interior disconnected Intersection shells

Shell not closed Duplicate solids
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How to preserve semantics during automatic repair?
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Preservation of semantics

- -

- -

]

split

VAN

-

Flipped Overlap
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Etc.

g

Merged




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

2 intersecting buildings

a

Intersected calculation Cormrect calculation
Total = 150 KWh/m2 + 150 KWh/m2 Total = 150 KWh/m2 +

Energy demand

e = £
Exterior Surfaces Fenestation Surfaces Interior Surfaces

Solar power estimation
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CityJSON Model

3D city model
In JSON or OBJ

Mandatory

¥

Process

Read the file

Set the UserRequirements

*

< for each single CityObject >

v

convert to tu3dJSON

Repairloop)

geometric
repairs

use case
repairs

get val3dity report

get use case Requirements

v

false

Do validity repairs

ltrue
Y

Do use case repairs

false Repair needed>(—

A

<AII (user) Requirements fulfilled?

false

true

Y

convert Back to CityObject

*

Write the output

Write Repair Report

7

3D city model >

In JSON or OBJ

User In/out put

UserRequirements
As UseCase name or in JSON

|
j Not mandatory

Y

Repair Report in JSON >

29 0

1.

2.

3.

[3D city model to repair] : This is the path to the 3D city model file that you want to repair. AUTOr3pair

supports various file formats (discussed below).

[optional: Use Case (file)] : This parameter allows you to specify a predefined use case or a custom user

preference file that contains specific standards for the repair process. If not provided, the program will use

default repair standards.

[optional: LOD to repair] : The optional Level of Detail (LOD) parameter can be added to limit the repair

process to a specific LOD in the model (explained further below).

KeepEverything
SkipLowRepairs
Watertight
Orientation
MergeTol

Overlap
SemanticsAdd
SemanticsValidate
Triangulate
Simplification

RemeshSlivers

Default AUTOr3pair

B FALSE
B FALSE
B FALSE
B FALSE
3 0.1

TRUE
TRUE
TRUE
B FALSE
B FALSE

B FALSE

CFD
B FALSE
TRUE
TRUE
B FALSE
£y 0.25

B FALSE
B FALSE
B FALSE
TRUE
TRUE

TRUE

Energy Demand

B FALSE
TRUE
TRUE
B FALSE
3 0.75

B FALSE
TRUE
B FALSE
B FALSE
B FALSE

B FALSE

Visualization

TRUE
B FALSE
B FALSE
TRUE
0.1

B FALSE
B FALSE
B FALSE
B FALSE
B FALSE

B FALSE

Solar Power Estimation
TRUE
B FALSE
B FALSE
TRUE
0.5
B FALSE
TRUE
TRUE
B FALSE
B FALSE

B FALSE




Examples use case repair

V Split into 2 solids >
e

- Keeps exsisting
- Fills in Null values
7
Vo
i
- Validate all
. - Lose original

Semantic parameters

Splitnto 2 Sol id }I C
Multiple connected components

30 0f 44

Simplification parameters



What degree of validity can be achieved?
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o

Outp

convert Back to CityObject

Write the output

Write Repair Report

J

7

3D city model
In JSON or OBJ

Post processing - detriangulation

Triangulated (mesh)

Group triangles on

same plane

Split groups in
connected components

!

ut

Detriangulate connected
component to face

v

Repair Report in JSON

(ExtendScope
(GeometryRepair | ¢ (@Elgeomtype
InputParameters | o :MaxRepairDepth
RepairDepths o~
Tollerances (N _
|(UseCase overlap_tol

(Parameters o)
data_errors 0——>[[a rray of all 900 errors])
:ea:ures : T
eatures_overview g .
= - - - — type CityObject type
features_repaired [array of ids of repaired features types] \( TToat ; | total c tof
input_file ../name/and/location/of/input.file ELEN] O E T S 3 ota - ount o pre -
d - " - repaired | count valid of repaired
input_file_type json or OB]J . J
r pa I r ey output_file ../name/and/location/of/output.file

(type

CityObject type

total

Count of type

count repaired of type |

/[[array of feature types] | -ﬂ/y [Repaired

Repair report

(solveAll

parameter used, standard: true

]

(One of| e}~ | ErrorsToRepair

parameter used, standard: [] else [array of val3dity error codes]J

parameter used, standard: [] else [array of types]]

parameter used, standard: 50 |

(TotalRepairDepth | parameter used, standard: 500J

parameter used, standard: -1.0

~

planarity_d2p_tol | parameter used, standard: 0.01

planarity_n_tol

parameter used, standard: 20.0

(snap_tol

parameter used, standard: 0.001 |

[ parameter used,

one of: |

MultiSurface

CompositeSurface

Solid (standard)

MultiSolid

(CompositeSolid

[ parameter used,

one of::

Default (standard)

VISUALIZATION

A

CFD

Name o
(StandardsUsed | o

output_file_type

json or OBJ

primitives_overview

(How

this file is repaired by AUTOr3pair, more info about the repair can be found in the report

repaired true or false

time moment of repair

type AUTOr3pairReport

|version 1.0 J

(Date_of repair Date
(AUTOr3pair | «}—> features_repaired | ¢
| more_information S—l

Report_name

Location of the repair report

Want_to_know_more

More information can be found on how the repair is done can be found on github

Web:Github

https://github.com/Lkeurentjes/AUTOr3pair

| Written by

Lisa Keurentjes
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/

(type -

ENERGY DEMAND

SOLAR POWER

|Based on input file

J

(KeepEverything

parameter used, standard:

false

SkipLowRepairs

parameter used, standard:

false

Watertight parameter used, standard: false
MergeTol parameter used, standard: 0.1

Overlap parameter used, standard: true
Semantics parameter used, standard: true

Triangulation

parameter used, standard:

false

Simplification

parameter used, standard:

false

RemeshSlivers

.

parameter used, standard:

false |

(One of:

MultiSurface

.| CompositeSurface

™\([array of primitive types][ eJ—>]

total

Count of type

Solid

(repaired | count repaired of type |

MultiSolid

(CompositeSolid

type
([array of features]| eJ—> rzzaired

all_Geomr3pairs

[array of geometric repairs(s)]

(all_UseCaser3pairs

[array of use case repairs(s)] |

rISOerrorsremaining [array of remaining error(s)]]
id index of primitive p N
g < One of:
id id of the feature numll:erface.s numt;er MultiSurface
primitives o —>(Tarray of primitives]| sJ—> o0 ervertices number :
: i J "I repaired true or false CompositeSurface
CityObject type type o _ 5| Solid
true or false repairs o MultiSolid

(CompositeSolid

[array of repairs]| «J—>

(kind_of_repair

%

repairs_done

|

One of:

RingRepairs
PolyRepairs
ShellRepairs

(round

Number of repair roun

d

N

SolidRepairs
SolidIRepairs
SubPartRepairs

UseCaseRepairs

rboundary_before

original boundary

boundary_now

new boundary

(Larray of repairs]| «J—>

code

error code or name

description

description of error/repair

id

id of feature with primitive number |




Demo
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Brussel Result

#& All 3 outputs are 99.9% valid
Default

x5 Geomatric difference bigger for
Orientation and watertight

e A 2

Global repair used
5% P

non-manifolds

' s _. b"-‘)”\lv\ i “ 4 /
Watertight
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Use cases

Dataset Semantics| Geometric Repair Use Case Geometric | Hausdorff
Validity Validity Distance
Buildings Buildings
Before After
Default 100% 103 (34%)
CFD 94%? 259 (85%)
3DBAG True 98% Energy demand 99% 259 (85%)
Visualisation 100% 259 (85%)
Solar power estimation 100% 270 (90%)
Default 93% 0.1 (1%)
CFD 59%>3 15 (30%)
Den Haag True 62% Energy demand 99% 15 (30%)
Visualisation 93% 0.1 (1%)
Solar power estimation 93% 0.1 (1%)
Default 99% 19 (30%)
CFD Segmen’cation4 Error®
Ingolstadt True 70% Energy demand Segmen’catiom4 Error®
Visualisation Segmentation4 Error®
Solar power estimation | Segmentation® Error®
Default 100% 0.36 (0.2%)
CFD 98% 52 (33%)
Montréal True 86% Energy demand 99% 167 (56%)
Visualisation 100% 71 (90%)
Solar power estimation 99% 71 (90%)
Default 100% 0.03 (3%)
CFD 50% 0.69 (72%)
Railway False 99% Energy demand 91% 0.69 (72%)
Visualisation 100% 0.69 (72%)
Solar power estimation 93% 0.69 (72%)
Default 100% 1.4 (2%)
CFD 99% 59 (55%)
Rotterdam True 76% Energy demand 99% 60 (55%)
Visualisation 100% 60 (55%)
Solar power estimation 99% 60 (55%)
Default 590/05 15 (360/0)
CFD 1%° 15 (36%)
Vienna True 49% Energy demand 1% 15 (36%)
Visualisation 1%8 15 (36%)
Solar power estimation 52%" 15 (36%)

370

/

601
Building parts overlap

d:’o
o
%
&

Substract

Building

4

Translate points back to indexes
Points within snap tollerance

Points within snap tollerance

duplicate points




Global repair is needed

Normally would break down in parts

t

4

M . Delete face > Shell repairs >
By cutting over point By cutting over Edge

Ring or Polygon error Shell not closed Original point Translate points back to indexes
with “SkipLowRepairs” hole where deleted face Self intersection Points within snap tollerance
%
%40 O\QJ \\('0
9&” <<\\\ (\66\)
2 )
Re-add the original face Points within snap tollerance
But you cannot partition this shape by one cut For example due to snap_tol duplicate points
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“non” repairs for OBJ

Other issues

Floating point errors

“alue from Backend: 0,1999999999959995995
Is supposed to be 0.2:

Rounded to 2 decimals: 0,20

Rounded to 4 decimals: 0.2000

Founded to 6 decimals: 0.200000

“alue from Backend: 0.00079993999995999555
Is supposed to be 0.0008:

Rounded to 2 decimals: 0.00

Rounded to 4 decimals: 0.0003

Rounded to 6 decimals: 0.000800

“alue from Backend: 0.0000010000000000000002
Is supposed to be 0.000001:

Founded to 2 decimals: 0.00

Founded to 4 decimals: 0.0000

Rounded to & decimals: 0.000001
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Repair descisions




Conclusion
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What is needed to achieve geometric validity?
e |ISO 19107 Standards

How to achieve geometric validity using automatic repair?

e | ocal repairs with the help of validation, Global as a safety net

How to preserve semantics during automatic repair?

e Link valuesto polygon “space”

How to achieve validity for different use cases?

e Parameters, which influence the geometric repair and/or do additional repairs

What degree of validity can be achieved?

e 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

A

Intergrating val3dity
and AUTOr3pair into
one tool

/

»

v

Automatic validation Validation for Research on keeping
and repair for more preserving of and extending
semantic values semantics textures

3D GIS application
for preparing 3D City
data
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Intergrating
automatic validation
and repair for LODs



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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