Lesson 3.1
Three-dimensional geometries in geoinformation

GEO1004:
3D modelling of the built environment

https://3d.bk.tudelft.nl/courses/geo1004
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About GIS standards



Standardisation organisations

« ISO: International Stanaardisation Organisation
« 0GC: Open Geospatial Consortium
= INSPIRE: Infrastructure for Spatial Information in Europe

=« NEN: hormalisatie en normen (“Dutch ISO”)



SO 191xx series of geographic information standards
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SO 191xx series of geographic information standards

6709 - Standard representation of latitude, longitude
and altitude for geographic point locations

19122 - Qualifications and Certification of personnel

19101 - Reference model

19123 - Schema for coverage geometry and
functions

19115-2 - Metadata - Part 2: Extensions for imagery
and gridded data

19137 - Generally used profiles of the spatial schema
and of similar important other schemas

19101-2 - Reference model - Part 2: Imagery

19124 - Imagery and gridded data components

19116 - Positioning services

19138 - Data quality measures

19103 - Conceptual schema language

19125-1 - Simple feature access - Part 1: Common
architecture

19117 - Portrayal

19139 - Metadata - Implementation specification

19104 - Terminology Introduction

19125-2 - Simple feature access - Part 2: SQL option

19105 - Conformance and testing

19126 - Profile - FACC Data Dictionary

19118 - Encoding

19140 - Technical amendment to the ISO 191**
Geographic information series of standards for
harmonization and enhancements

19106 - Profiles

19127 - Geodetic codes and parameters

19119 - Services

19141 - Schema for moving features

19107 - Spatial schema

19128 - Web Map server interface

19120 - Functional standards

19108 - Temporal schema

19129 - Imagery, gridded and coverage data
framework

19121 - Imagery and gridded data

19109 - Rules for applicaiton schema

19130 - Sensor and data models for imagery and
gridded data

19110 - Methodology for feature cataloguing

19131 - Data product specifications

19111 - Spatial referencing by coordinates

19132 - Location based services - Reference model

19112 - Spatial referencing by geographic identifiers

19133 - Location based services - Tracking and
navigation

19113 - Quality principles

19134 - Multimodal location based services for
routing and navigation

19114 - Quality evaluation procedures

19135 - Procedures for registration of geographical
information items

19115 - Metadata

19136 - Geography Markup Language



http://www.isotc211.org/Outreach/Overview/Factsheet_6709.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19122.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19101.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19123.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19101-2.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19124.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19103.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19125-1.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19104.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19125-2.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19105.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19126.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19106.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19127.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19107.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19128.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19108.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19129.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19109.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19130.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19110.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19131.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19111.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19132.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19112.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19133.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19113.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19134.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19114.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19135.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19115.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19136.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19115-2.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19137.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19116.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19138.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19117.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19139.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19118.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19140.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19119.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19120.pdf
http://www.isotc211.org/Outreach/Overview/Factsheet_19121.pdf
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The standards from a Dutch point-of-view

ISO standaarden

Europese standaarden

Nationale standaarden

uitwisseling

Sector standaarden

Organisatie specifieke

afspraken



Rules for validation in 2D
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In 3D I1t's way more complex...
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Do current 3D city models
often contain these
geometric errors?




tl:dl: YES.



Errors are “very™ common in 3D models: the wall of shame
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Should we care?



YES!
(especially if you want to pass this course &)



ted surfaces == annoying
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Visualisation — duplicated surfaces == distracting
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Visualisation — wrong orientation of surfaces (red ones)




Visualisation — wrong orientation == missing faces




Solar potential — wrong orientation == no potential assigned




Volume calculation — tiny problems == some methods do no work

p

A /




Volume calculation — tiny problems == some methods do no work
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Volume calculation — big problems == some methods do no work




Volume calculation — superstructures not topologically connectea




Volume calculation — superstructures not topologically connectea




Volume calculation — superstructures not topologically connectea




simulations — wind comfort for pedestrians
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https://3d.bk.tudelft.nl/gsclara
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Advanced simulations — very strict input requirements

no holes
no INntersections

triangles must have certain shape (no slivers)
a “perfect” model is thus requiread

In practice, that still means several hours of
(semi-)manual repair




Our methodology

our software:

37 CityGML datasets from val3dity w

9 countries

40 million polygons in 3.6
million buildings
(Solids + MultiSurfaces)

0

- 3/ datasets (3D cities) from 9 countries
40 million polygons in 3.6 million buildings

® © ® (O tudelft3djval3dity: Validationo X =+

4 C Q@& https://github.com/tudelft3d/val3dity/ M A x % 0O

O Search or jump to... / Pull requests Issues Codespaces Marketplace Explore

H tudelft3d/val3dity  Public <z Edit Pins ~ & Unwatch 12 ~ % Fork 22 v Starred 68 -

<> Code () Issues 7 {9 Pullrequests U3 Discussions () Actions [ Projects [0 Wiki & Security |~ Insights

¥ main ~ ¥ 4 branches © 20 tags Go to file Add file ~ <> Code ~ About €3

Validation of 3D primitives according to
-.@ hugoledoux Add a CITATION file to have t... ... 0931ad5 on Sep 16, 2022 @ 1,559 commits the international standard 1ISO19107

.github/workflows Revert "Fix wrong branch in homebrew yml updat... 5 months ago validation  gis  cgal  gml

is019107 3d-gis indoorgml
cmake Update the cmake for using Eigen (new way impo... 2 years ago
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Many cities around the world have 3D models openly available

O O < Cities/regions around the worlc X

N

-

; 3D geoinformation

https://3d.bk.tudelft.nl/opendata/opencities/

about ~ research ~

@ %« » 0O O

education ~ download ~ etc ~

Cities/regions around the world with open datasets

If you know of any other open datasets please contribute them here!

dataset

Adelaide

American

cities

Austin

Berlin

country

Australia

USA

USA

Germany

year

2015

2019

2013

2013

building LoD

LoD1/LoD2

LoD1

LoD2

LoD2

other
classes

Terrain

textures acquisition

true

false

false

true

.3DS with JPEG
textures, Blender,
FBX

CityJSON,
CityGML

KMZ

CityGML, 2D
Shape, 3D Shape -
PolygonZ, 3D

125 million
buildings,
separated by
state

Released in
2015



Summary of results

No 3D city dataset is 100% valid, not even LoD1 &

Many simple errors, eq:
repeated vertices

non-planar polygons (most common error!)

Notice that these are often not visible

(L] -] o @ geovalidation.bk.tudelft.nl/val3dity/stats & (3

(since 2015-02-17)

Total number of solids validated
Total number of invalid solids
Percentage of invalid solids
Total number uploaded files

Most common error code




Summary of results

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume IV-2/W1, 2016
11th 3D Geoinfo Conference, 20-21 October 2016, Athens, Greece

THE MOST COMMON GEOMETRIC AND SEMANTIC ERRORS IN CITYGML
DATASETS

F. Biljecki “; H. Ledoux **, X. Du ®, J. Stoter *, K. H. Soon °, V. H. S. Khoo °

* 3D Geoinformation, Delft University of Technology, Delft, The Netherlands — (f.biljecki, h.ledoux, x.du-2, j.e.stoter) @ tudelft.nl
® Singapore Land Authority, Singapore — (soon_kean_huat, victor_khoo)@sla.gov.sg

KEY WORDS: CityGML, 3D city models, Quality control, Validation, Error

ABSTRACT:

To be used as input in most simulation and modelling software, 3D city models should be geometrically and topologically valid,
and semantically rich. We investigate in this paper what is the quality of currently available CityGML datasets, i.e. we validate the
geometry/topology of the 3D primitives (Solid and MultiSurface), and we validate whether the semantics of the boundary surfaces
of buildings is correct or not. We have analysed all the CityGML datasets we could find, both from portals of cities and on different
websites, plus a few that were made available to us. We have thus validated 40M surfaces in 16M 3D primitives and 3.6M buildings
found in 37 CityGML datasets originating from 9 countries, and produced by several companies with diverse software and acquisition
techniques. The results indicate that CityGML datasets without errors are rare, and those that are nearly valid are mostly simple
LODI1 models. We report on the most common errors we have found, and analyse them. One main observation is that many of these
errors could be automatically fixed or prevented with simple modifications to the modelling software. Our principal aim is to highlight
the most common errors so that these are not repeated in the future. We hope that our paper and the open-source software we have
developed will help raise awareness for data quality among data providers and 3D GIS software producers.

1. INTRODUCTION Related work considers additional aspects, e.g. resolvability of
XLinks; application-specific rules, such as that a building is re-

. . uired to have a ground floor to form a volume (which 1s, surpris-
In recent years, several cities around the world have released their 9 & S ( P
L o o ) . i mnmelv not mandatorv in CitvGGMT Y and the redundancevy of the


https://doi.org/10.5194/isprs-annals-IV-2-W1-13-2016

Level of detail ~ Primitive ID®@ Geometric validation Semantics®  Schema % Of inva l id

1 0 0 0 0 0 X
2 0 0 0 0 0 v
3 0 0 0 0 0 v
£ 0 0 0o 0 0 / actually all between
5 0 0 0 0 0 X
6 0 0 0 0 0 X
6 0 0 0 0 X 99.5% and 99.9%
8 0 0 0 0 0 v
9 0 0 0 0 0 X
LOD2 MultiSurface 10 1 4 — — 5 © v
11 0 0 — — 0 0 v
12 2 21 — — 23 45 v
13 10 2 — — 12 4 X
14 0 1 — — 1 12 v
15 0 9 — — 9 2 v
16 4 8 — — 12 1 X
17 5 0 — — 5 5 X
18 0 0 — — 0 4 X
19 0 0 — — 0 1 X
20 0 4 — — 4 6 X
21 0 1 — — 1 3 X
LOD2 Solid 22 0 42 58 0 100 — v
23 - = — — - = X
24 0 31 1 3 35 — X
25 4 0 16 2 22 — v
26 - - - - = - X
27 22 17 50 0 39 — v
LOD2 MultiSurface 28 0 42 1 1 44 0 v
and So1id@ 29 2 35 54 0 92 4 v
30 0 10 0 1 11 2 v
31 0 0 0 0 0 0 v
LOD3 MultiSurface 32 2 13 — — 15 54 v
33 6 5 — — 11 23 v
34 8 10 — — 19 45 v
35 5 0 — — 5 34 v
36 0 0 — — 0 1 X
LOD4 Solid 37 0 0 3 0 3 68 v




Level of detail  Primitive ID®@ Geometric validation
Ixx  2xx  3xx 4xx
LODI1 Solid 1 0 0 0 — X
2 0 0 0 — v
3 0 0 0 — v
4 0 0 0 — v
5 0 0 0 — X
6 0 0 0 — X
7 0 0 0 — v
8 0 0 0 — v
9 0 0 0 —
5
0

MultiSurface

OCP O O OO WU KA O OO NN O R~ EBOOOOOO O OO
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LOD2 Solid 22 472 58 0 100 —
23(6) _ _ _ _ _ _

24 0 31 1 3 35 —

25 4 0 16 2 22 —

26(0) _ _ _ _ _ _

27 22 17 50 0 39 —

LOD2 MultiSurface 28 0 472 1 1 44 0
and So1id@¥ 29 2 35 54 0 92 4

30 0 10 0 1 11 2

31 0 0 0 0 0 0

LOD3 MultiSurface 32 2 13 — — 15 54
33 6 5 — — 11 23

34 8 10 — — 19 45

35 5 0 — — 5 34

36 0 0 — — 0 1

LOD4 Solid 37 0 0 3 0 3 68
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rather good, but it’s
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Level of detail  Primitive ID® Geometric validation Semantics®  Schema % Of invalid
Ixx 2xx  3xx  dxx  Total® N

LODI1 Solid 1 0 0 0 0 0 — X
2 0 0 0 0 0 — v
3 0 0 0 0 0 — v
4 0 0 0 0 0 — v
5 0 0 0 0 0 E X
6 0 0 0 0 0 — X
7 0 0 0 0 0 — v
8 0 0 0 0 0 — v
9 0 0 0 0 0 — X

LOD2 MultiSurface 10 1 4 — — 5 © v
11 0 0 — — 0 0 v
12 2 21 — — 23 45 v
13 10 2 — — 12 4 X
14 0 1 — — 1 12 v
15 0 9 — — 9 2 v
16 4 8 — — 12 1 X
17 5 0 — — 5 5 X
18 0 0 — — 0 4 X
19 0 0 — — 0 1 X
20 0 4 — — 4 6 X

] = -

v
9
« | some datasets couldn’t
X
v
’ | be read
22 v
MultiSurface 0 v
and So1id¥ 2 v 5 5 5
: - | high % of invalid
LOD3 MultiSurface 32 2 13 — — 15 54 v
33 6 5 — — 11 23 v
34 8 10 - = 19 45 v
35 5 0 — — 5 34 v
36 0 0 — — 0 1 X
LOD4 Solid 37 0 0 3 0 3 68 v




Using val3aity as a library in C++

O ® ) vaisdity/demo_lib at main - tud. X 4+

d

C N @ https://github.com/tudelft3d/val3dity/tree/main/demo_lib ™ A x % O @

O Search or jump to... Pull requests Issues Codespaces Marketplace Explore

H tudelft3d / val3dity ' Public ¢z EditPins v  ®Unwatch 12 ~ % Fork 22  ~ Starred 68

<> Code (©) Issues 7 {9 Pullrequests @) Discussions (») Actions [ Projects [0 Wiki @ Security |~ Insights 3 Settings

¥ main v  val3dity / demo_lib / Go to file Add file ~

»Q hugoledoux Add warning about relative path in cmake for compiling as library 60a423b on Jun 9, 2022 V) History
[ CMakelLists.txt misc 2 years ago
[ main.cpp Update demo of API last year
[N readme.md Add warning about relative path in cmake for compiling as library 8 months ago
= readme.md V4

how to use val3dity as a library in your code

The API of the library is val3dity.h , you need to include the file in your source.

Also, the functions to validate read/return nlohmann JSON objects, so you need to include this library. There is however no need to include
or link to nlohmann JSON yourself, the cmake reuses that of val3dity.

The APl reads const charx for XML data (IndoorGML input), because | don't want to enforce a specific XML library.

#include "val3dity.h"
#include "nlohmann-json/json.hpp"

Hamrliide —~Fcec+ raams



