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Lesson 3.1 
Three-dimensional geometries in geoinformation 



About GIS standards



• ISO: International Standardisation Organisation 

• OGC: Open Geospatial Consortium 

• INSPIRE: Infrastructure for Spatial Information in Europe 

• NEN: normalisatie en normen (“Dutch ISO”)

Standardisation organisations



• A main goal of the ISO 191xx series is to facilitate the  interoperability of geographic information 
systems, i.e. ability to discover, access, understand and use the information and tools, 
independently from the platform supporting them 

• Structured set of standards specifying methods, tools and services for the management of 
geographic information, including: 

• Definition of data,  
• Access to data 
• Presentation of data 
• Transfer between users 

• weirdly, and annoyingly, one has to pay to read these 😩 (but free if TUDelft student!)

ISO 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

 
19101-2 - Reference model - Part 2: Imagery 19124 - Imagery and gridded data components

19103 - Conceptual schema language 19125-1 - Simple feature access - Part 1: Common 
architecture

19104 - Terminology Introduction 19125-2 - Simple feature access - Part 2: SQL option

19105 - Conformance and testing 19126 - Profile - FACC Data Dictionary

19106 - Profiles 19127 - Geodetic codes and parameters

 
19107 - Spatial schema 19128 - Web Map server interface

19108 - Temporal schema 19129 - Imagery, gridded and coverage data 
framework

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

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

19116 - Positioning services  
19138 - Data quality measures 

19117 - Portrayal  
19139 - Metadata - Implementation specification 

19118 - Encoding
19140 - Technical amendment to the ISO 191** 
Geographic information series of standards for 
harmonization and enhancements

 
19119 - Services 19141 - Schema for moving features

19120 - Functional standards

19121 - Imagery and gridded data

ISO 191xx series of geographic information standards

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


OGC: Open Geospatial Consortium®

• many standards are aligned with ISO’s (ie, they 
are exactly the same) 

• OGC usually standards closer to 
implementations then ISO 
• GML 
• KML 
• netCDF 

• abstract specifications = ISO 
• implementation specification = OGC 
• unlike ISO’s, OGC’s documents are free for 

everyone 😊



The standards from a Dutch point-of-view



Validation of a polygon = a solved problem

OGC Simple Features and
ISO19107 rules:

1 no self-intersection

2 closed boundaries

3 rings can touch but not
overlap

4 no duplicate points

5 no dangling edges

6 connected interior

7 etc

p2

p4 p5 p6

p7 p8 p9

p3

p12p11p10

p1

exterior
boundary

interior
boundary
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Rules for validation in 2D



Rules for validation in 2D: standard implementations available

https://postgis.net/docs/ST_IsValid.html


In 3D it’s way more complex…

s1 s2 s3 s4

invalid (1) invalid (3, 6)valid valid

s9 s10 s11 s12
invalid (3 in 2D) invalid (2)validinvalid (5)

s5 s6 s7 s8
invalid (6) invalid (2, 5)invalid (4) valid

LinearRing PolygonPoint

MultiSurface CompositeSurface

MultiSolid CompositeSolidSolid



In 3D it’s way more complex… and no GEOS/PostGIS implementation



Quiz time



Quiz time



Do current 3D city models 
often contain these 
geometric errors?



tl;dl: YES.



Automatic repairing of broken 3D city 

With my colleague John Zhao, we’re making an overview 
of the most common errors/problems, such as:

12

Errors are *very* common in 3D city models: my wall of shame



Should we care?



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



Visualisation — duplicated surfaces == annoying



Visualisation — duplicated surfaces == annoying



Visualisation — duplicated surfaces == distracting



Visualisation — duplicated surfaces == distracting



Visualisation — wrong orientation == missing faces



Visualisation — wrong orientation == missing faces



Visualisation — wrong orientation of surfaces (red ones)



Solar potential — wrong orientation == no potential assigned



Volume calculation — tiny problems == some methods do not work



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



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



Volume calculation — superstructures not topologically connected



Volume calculation — superstructures not topologically connected



Volume calculation — superstructures not topologically connected



Advanced simulations — wind comfort for pedestrians



Advanced simulations — CFD methods: subdivision of volume (mesh)
computational fluid dynamics

GEO5015: Modelling wind and dispersion in urban environments (Q4!)



Advanced simulations — very strict input requirements

• no holes 
• no intersection 
• triangles must have certain shape (no slivers) 
• a “perfect” model is thus required 
• in practice, that usually means days or even 

weeks of (semi-)manual repair for an area like the 
TUDelft campus



An old-ish study we made

• 37 datasets (3D cities) from 9 countries 
• 40 million polygons in 3.6 million buildings

37 CityGML datasets from  
9 countries 

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

😄

😩

our software: 
val3dity



Many cities around the world have 3D models openly available



Summary of results

• No 3D city dataset is 100% valid, not even LoD1.2 😩 
• Many simple errors, eg: 

• repeated vertices 
• non-planar polygons (most common error!)

Notice that these are 
often not visible



Summary of results

• No 3D city dataset is 100% valid, not even LoD1.2 😩 
• Many simple errors, eg: 

• repeated vertices 
• non-planar polygons (most common error!)

Notice that these are 
often not visible



The Levels-of-details (LoDs)



val3dity reports with a specific error code



Summary of results

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


Table 1: Results of the validation of the test datasets. The share of errors is expressed in per cents.

Level of detail Primitive ID(a) Geometric validation Semantics(f) Schema

1xx 2xx 3xx 4xx Total(b)

LOD1 Solid 1 0 0 0 0 0 – 7
2 0 0 0 0 0 – 3
3 0 0 0 0 0 – 3
4 0 0 0 0 0 – 3
5 0 0 0 0 0 – 7
6 0 0 0 0 0 – 7
7 0 0 0 0 0 – 3
8 0 0 0 0 0 – 3
9 0 0 0 0 0 – 7

LOD2 MultiSurface 10 1 4 – – 5 (e) 3
11 0 0 – – 0 0 3
12 2 21 – – 23 45 3
13 10 2 – – 12 4 7
14 0 1 – – 1 12 3
15 0 9 – – 9 2 3
16 4 8 – – 12 1 7
17 5 0 – – 5 5 7
18 0 0 – – 0 4 7
19 0 0 – – 0 1 7
20 0 4 – – 4 6 7
21 0 1 – – 1 3 7

LOD2 Solid 22 0 42 58 0 100 – 3
23(c) – – – – – – 7
24 0 31 1 3 35 – 7
25 4 0 16 2 22 – 3
26(c) – – – – – – 7
27 22 17 50 0 89 – 3

LOD2 MultiSurface

and Solid
(d)

28 0 42 1 1 44 0 3
29 2 35 54 0 92 4 3
30 0 10 0 1 11 2 3
31 0 0 0 0 0 0 3

LOD3 MultiSurface 32 2 13 – – 15 54 3
33 6 5 – – 11 23 3
34 8 10 – – 19 45 3
35 5 0 – – 5 34 3
36 0 0 – – 0 1 7

LOD4 Solid 37 0 0 3 0 3 68 3

(a) Anonymised dataset ID.
(b) The decomposed errors may not sum up to the totals due to rounding. Most of LOD1 datasets are not 100% valid, they

are rather between 99.5% and 99.9% valid.
(c) The dataset could not be read by our software due to errors while parsing the GML input.
(d) These datasets contain both the Solid and MultiSurface (usually realised through the XLink mechanism).
(e) Dataset with MultiSurfaces but without semantic information.
(f) Our approach for the semantic validation falls short with some datasets (further explained in Fig. 15), and high values

should be ignored.

4.5 Common errors

We have examined the errors in the datasets and the first obser-
vation is that errors appear to be random in some datasets, while
in some datasets they are of a systematic nature. For instance,
Fig. 7 shows a dataset with one random error: a missing wall
from a building. On the other hand, we have encountered repeti-
tive errors that could have been caused by software or by the lack
of guidelines. For instance, wrong orientation of linear rings. We
came up with a list of errors that can be found in multiple datasets
and describe them in the continuation, in no particular order.

4.5.1 Geometries not properly snapped A common cause
for invalid solids (Error 3xx) are geometries that are not snapped
together, which causes surfaces to intersect and/or to result a non-
watertight solid. One example is shown Figure 8. Observe that
the invalid solids which we have encountered often look correct
with a visual inspection, and only by zooming in one can detect
these. As explained in Section 2.4, we used a snapping tolerance
of 1mm on the input coordinates. Thus for such errors the vertices
are further than this apart.

4.5.2 Invalid semantics Surfaces with erroneously assigned
semantics are easy to analyse—they can be coloured differently

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

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper. 
doi:10.5194/isprs-annals-IV-2-W1-13-2016
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% of invalid

actually all  between  
99.5% and 99.9%
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11th 3D Geoinfo Conference, 20–21 October 2016, Athens, Greece

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper. 
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% of invalid

rather good, but it’s  
“easy”



Table 1: Results of the validation of the test datasets. The share of errors is expressed in per cents.

Level of detail Primitive ID(a) Geometric validation Semantics(f) Schema

1xx 2xx 3xx 4xx Total(b)

LOD1 Solid 1 0 0 0 0 0 – 7
2 0 0 0 0 0 – 3
3 0 0 0 0 0 – 3
4 0 0 0 0 0 – 3
5 0 0 0 0 0 – 7
6 0 0 0 0 0 – 7
7 0 0 0 0 0 – 3
8 0 0 0 0 0 – 3
9 0 0 0 0 0 – 7

LOD2 MultiSurface 10 1 4 – – 5 (e) 3
11 0 0 – – 0 0 3
12 2 21 – – 23 45 3
13 10 2 – – 12 4 7
14 0 1 – – 1 12 3
15 0 9 – – 9 2 3
16 4 8 – – 12 1 7
17 5 0 – – 5 5 7
18 0 0 – – 0 4 7
19 0 0 – – 0 1 7
20 0 4 – – 4 6 7
21 0 1 – – 1 3 7

LOD2 Solid 22 0 42 58 0 100 – 3
23(c) – – – – – – 7
24 0 31 1 3 35 – 7
25 4 0 16 2 22 – 3
26(c) – – – – – – 7
27 22 17 50 0 89 – 3

LOD2 MultiSurface

and Solid
(d)

28 0 42 1 1 44 0 3
29 2 35 54 0 92 4 3
30 0 10 0 1 11 2 3
31 0 0 0 0 0 0 3

LOD3 MultiSurface 32 2 13 – – 15 54 3
33 6 5 – – 11 23 3
34 8 10 – – 19 45 3
35 5 0 – – 5 34 3
36 0 0 – – 0 1 7

LOD4 Solid 37 0 0 3 0 3 68 3

(a) Anonymised dataset ID.
(b) The decomposed errors may not sum up to the totals due to rounding. Most of LOD1 datasets are not 100% valid, they

are rather between 99.5% and 99.9% valid.
(c) The dataset could not be read by our software due to errors while parsing the GML input.
(d) These datasets contain both the Solid and MultiSurface (usually realised through the XLink mechanism).
(e) Dataset with MultiSurfaces but without semantic information.
(f) Our approach for the semantic validation falls short with some datasets (further explained in Fig. 15), and high values

should be ignored.

4.5 Common errors

We have examined the errors in the datasets and the first obser-
vation is that errors appear to be random in some datasets, while
in some datasets they are of a systematic nature. For instance,
Fig. 7 shows a dataset with one random error: a missing wall
from a building. On the other hand, we have encountered repeti-
tive errors that could have been caused by software or by the lack
of guidelines. For instance, wrong orientation of linear rings. We
came up with a list of errors that can be found in multiple datasets
and describe them in the continuation, in no particular order.

4.5.1 Geometries not properly snapped A common cause
for invalid solids (Error 3xx) are geometries that are not snapped
together, which causes surfaces to intersect and/or to result a non-
watertight solid. One example is shown Figure 8. Observe that
the invalid solids which we have encountered often look correct
with a visual inspection, and only by zooming in one can detect
these. As explained in Section 2.4, we used a snapping tolerance
of 1mm on the input coordinates. Thus for such errors the vertices
are further than this apart.

4.5.2 Invalid semantics Surfaces with erroneously assigned
semantics are easy to analyse—they can be coloured differently

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

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper. 
doi:10.5194/isprs-annals-IV-2-W1-13-2016

 
17

% of invalid

some datasets couldn’t  
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high % of invalid



Most common error: non-planar surface



3DBAG is ~99% geometrically valid 💪 🚀

Lesson 4.2  
next week
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3DBAG: you can see the validity

val3dity is integrated in 
the process



3DBAG: you can see the validity

val3dity is integrated in 
the process



How to use val3dity?

CLI  
(compile or download Window binary)

web-application

https://github.com/tudelft3d/val3dity
http://geovalidation.bk.tudelft.nl/val3dity/
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Using val3dity as a library in C++


