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Semantic 3D city models 



JSON 



JSON

• JavaScript Object Notation 
• Lightweight data-interchange format 
• It is easy for humans to read and write  
• It is text-based 
• It is easy for machines to parse and generate  
• It is originally based on a subset of JavaScript 

(but is now in most languages)

{ 
  "firstName": "John", 
  "lastName": "Smith", 
  "isAlive": true, 
  "age": 27, 
  "address": { 
    "streetAddress": "21 2nd Street", 
    "city": "New York", 
    "state": "NY", 
    "postalCode": "10021-3100" 
  }, 
  "phoneNumbers": [ 
    { 
      "type": "home", 
      "number": "212 555-1234" 
    }, 
    { 
      "type": "office", 
      "number": "646 555-4567" 
    }, 
    { 
      "type": "mobile", 
      "number": "123 456-7890" 
    } 
  ], 
  "children": [], 
  "spouse": null 
} 



Virtually all languages have native support for it

It is built on two (very common) data 
structures: 

1. collection of name-value pairs 
• Python dictionaries (a={}) 
• C++ std::map 
• also called a “hash” or “hashmap” 

2. arrays 
• Python lists (a=[]) 
• C++ std::vector / std::array 

Data types: 
• number (float and double) 
• integer 
• string 
• Boolean 
• null 
• (no support for datetime type)



To represent a person

Key-value pair 

“name”: “Hugo”



A CityJSON file
{ 
  "type": “CityJSON", 
  "version": “1.1”, 
  "metadata": { 
    "referenceSystem": "https://www.opengis.net/def/crs/EPSG/0/7415" 
  }, 
  "transform": {…} 
  "CityObjects": { 
    "id-1": { 
      "type": "Building", 
      "attributes": { 
        "measuredHeight": 22.3, 
        "roofType": "gable", 
        "owner": “Elvis Presley" 
      }, 
      "geometry": [ 
        { 
          "type": "MultiSurface", 
          "boundaries": [ 
            [[0, 3, 2, 1]], [[4, 5, 6, 7]], [[0, 1, 5, 4]] 
          ] 
        } 
      ] 
    } 
  }, 
  "vertices": [ 
    [231, 23212, 110], 
    [1111, 3211, 120], 
    ... 
  ], 
  "appearance": { 
    "materials": [], 
    "textures":[], 
    "vertices-texture": [] 
  } 
} 



XML (eXtensible Markup Language)

• a markup language that defines a set of rules for encoding 
information and documents 

• both human-readable and machine-readable 
• designed to store and transport data 
• it is self-descriptive (what data “is”) 
• designed to focus on documents, but widely used for the 

representation of arbitrary data structures 
• hierarchical structure (a tree) 
• examples of XML? …

Sources:  
https://en.wikipedia.org/wiki/XML 
https://www.w3schools.com/xml/xml_whatis.asp

https://en.wikipedia.org/wiki/XML
https://www.w3schools.com/xml/xml_whatis.asp


• a markup language that defines a set of rules for 
encoding information and documents 

• both human-readable and machine-readable 
• designed to store and transport data 
• it is self-descriptive (what data “is”) 
• designed to focus on documents, but widely used for 

the representation of arbitrary data structures 
• hierarchical structure (a tree) 
• examples of XML? HTML, GML, KML, DOCX, RSS, SVG, 

COLLADA, GPX, etc.
Sources:  
https://en.wikipedia.org/wiki/XML 
https://www.w3schools.com/xml/xml_whatis.asp

XML (eXtensible Markup Language)

https://en.wikipedia.org/wiki/XML
https://www.w3schools.com/xml/xml_whatis.asp


Sources:  
https://en.wikipedia.org/wiki/XML 
https://www.w3schools.com/xml/xml_whatis.asp

• no predefined tags 
• tags are <note>, <from>, etc. 
• authors must define both the tags and the 

document structure, the latter is done with a 
schema

XML (eXtensible Markup Language)

https://en.wikipedia.org/wiki/XML
https://www.w3schools.com/xml/xml_whatis.asp


XML elements (or nodes)

Sources:  
https://en.wikipedia.org/wiki/XML 
https://www.w3schools.com/xml/xml_whatis.asp

• start-tag: <from> 
• end-tag: </from> 
• empty-element tag: <from/>

• element can be either: 
• string 
• another element (hierarchy)

https://en.wikipedia.org/wiki/XML
https://www.w3schools.com/xml/xml_whatis.asp


XML attributes

Sources:  
https://en.wikipedia.org/wiki/XML 
https://www.w3schools.com/xml/xml_whatis.asp

https://en.wikipedia.org/wiki/XML
https://www.w3schools.com/xml/xml_whatis.asp


XML == tree structure

Sources:  
https://en.wikipedia.org/wiki/XML 
https://www.w3schools.com/xml/xml_whatis.asp

A single root element contains all the other 
elements.

https://en.wikipedia.org/wiki/XML
https://www.w3schools.com/xml/xml_whatis.asp


XML: namespace to avoid conflicts

A single root element contains all the other 
elements.

Sources:  
https://en.wikipedia.org/wiki/XML 
https://www.w3schools.com/xml/xml_whatis.asp

https://en.wikipedia.org/wiki/XML
https://www.w3schools.com/xml/xml_whatis.asp


XML: schemas describe the valid/allowed structure

Sources:  
https://en.wikipedia.org/wiki/XML 
https://www.w3schools.com/xml/xml_whatis.asp

XSD = XML Schema Definition

https://en.wikipedia.org/wiki/XML
https://www.w3schools.com/xml/xml_whatis.asp


City/GML/JSON



A 3D city model

• a digital representation,  with 3D geometries, of the 
common objects in an urban environment,  

• buildings usually being the most prominent objects.  
• typical reconstructed/derived from various acquisition 

techniques: 
• photogrammetry  
• laser scanning  
• extrusion from 2D footprints  
• conversion from architectural models and drawings 
• procedural modelling  
• volunteered geoinformation









Semantic 3D city model

• data model where the relevant objects (and their sub-
parts) are labelled with their meaning and have 
attributes attached to them.  

• a city is decomposed into classes that we deem 
relevant for certain applications,  

• for instance: ‘building’, ‘road’, ‘tree’, ‘lamppost’, etc 
• The decomposition is thus hierarchical, and the 

relationships between the classes are stored



• International standard (from OGC) for representing 
and storing 3D city models

• Currently at version 3.0
• Both a data model & an encoding (confusing, huh?)



• International standard (from OGC) for representing 
and storing 3D city models

• Currently at version 3.0
• Both a data model & an encoding (confusing, huh?)



Spatio-semantic coherence

GEO1004.2020 Lesson 6.1

(a)

(b) the edges of the triangles are highlighted in orange.

Figure 1: Part of the 3D city model of Helsinki, Finland.
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Figure 2: A building is semantically decomposed into different objects, and each objects is defined with
geometry.
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CityGML == a data model == UML models



CityGML == a data model == UML models



Levels of detail (LoDs)

GEO1004.2020 Lesson 6.1

Figure 6: Two buildings represented in CityGML as LoD2 models. Both are valid LoD2 models.

Figure 7: The improved LoDs for buildings; they are generally referred to as the TUDelft LoDs.
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XML-encoded CityGML files



CityGML files are very complex

• files are deeply nested, and large 
• many “points of entry” 
• many diff ways to do one thing

➡ few software packages use CityGML  
➡ no parsers in JavaScript 
➡ I personally get 😩 each time I get a new file

https://twitter.com/jamesmfee/status/748270105319006208


Data model

a GML encoding
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Why an alternative encoding? Read this.





Same information as CityGML, but in JSON format

{ 
  "type": “CityJSON", 
  "version": “2.0”, 
  "metadata": { 
    "referenceSystem": "https://www.opengis.net/def/crs/EPSG/0/7415" 
  }, 
  "transform": {…} 
  "CityObjects": { 
    "id-1": { 
      "type": "Building", 
      "attributes": { 
        "measuredHeight": 22.3, 
        "roofType": "gable", 
        "owner": “Elvis Presley" 
      }, 
      "geometry": [ 
        { 
          "type": "MultiSurface", 
          "boundaries": [ 
            [[0, 3, 2, 1]], [[4, 5, 6, 7]], [[0, 1, 5, 4]] 
          ] 
        } 
      ] 
    } 
  }, 
  "vertices": [ 
    [231, 23212, 110], 
    [1111, 3211, 120], 
    ... 
  ], 
  "appearance": { 
    "materials": [], 
    "textures":[], 
    "vertices-texture": [] 
  } 
} 



CityJSON



CityGML-XML files are very complex

• files are deeply nested, and large 
• many “points of entry” 
• many diff ways to do one thing

➡ few software packages use CityGML  
➡ no parsers in JavaScript 
➡ I personally get 😩 each time I get a new file

https://twitter.com/jamesmfee/status/748270105319006208


MSc Geomatics students when trying to parse a CityGML file in Python



version 1.1 = current version

36

•                official community standard 

• compliant with CityGML v3.0 

• subset of CityGML (~90% of features) 

• software for full conversion CityGML <-> CityJSON 

• several software support CityJSON

2.0 (since September 2023)



Specifications give all the gory details



A CityJSON file

version CityJSON
{ 
  "type": “CityJSON", 
  "version": “2.0”, 
  "metadata": { 
    "referenceSystem": "https://www.opengis.net/def/crs/EPSG/0/7415" 
  }, 
  "transform": {…} 
  "CityObjects": { 
    "id-1": { 
      "type": "Building", 
      "attributes": { 
        "measuredHeight": 22.3, 
        "roofType": "gable", 
        "owner": “Elvis Presley" 
      }, 
      "geometry": [ 
        { 
          "type": "MultiSurface", 
          "boundaries": [ 
            [[0, 3, 2, 1]], [[4, 5, 6, 7]], [[0, 1, 5, 4]] 
          ] 
        } 
      ] 
    } 
  }, 
  "vertices": [ 
    [231, 23212, 110], 
    [1111, 3211, 120], 
    ... 
  ], 
  "appearance": { 
    "materials": [], 
    "textures":[], 
    "vertices-texture": [] 
  } 
} 



A CityJSON file

metadata possible, eg: 

• CRS 
• Point of contact 
• bbox of dataset

{ 
  "type": “CityJSON", 
  "version": “2.0”, 
  "metadata": { 
    "referenceSystem": "https://www.opengis.net/def/crs/EPSG/0/7415" 
  }, 
  "transform": {…} 
  "CityObjects": { 
    "id-1": { 
      "type": "Building", 
      "attributes": { 
        "measuredHeight": 22.3, 
        "roofType": "gable", 
        "owner": “Elvis Presley" 
      }, 
      "geometry": [ 
        { 
          "type": "MultiSurface", 
          "boundaries": [ 
            [[0, 3, 2, 1]], [[4, 5, 6, 7]], [[0, 1, 5, 4]] 
          ] 
        } 
      ] 
    } 
  }, 
  "vertices": [ 
    [231, 23212, 110], 
    [1111, 3211, 120], 
    ... 
  ], 
  "appearance": { 
    "materials": [], 
    "textures":[], 
    "vertices-texture": [] 
  } 
} 



A CityJSON file

All City Objects listed here, indexed by 
their ID 

Each have geometries + attributes

{ 
  "type": “CityJSON", 
  "version": “2.0”, 
  "metadata": { 
    "referenceSystem": "https://www.opengis.net/def/crs/EPSG/0/7415" 
  }, 
  "transform": {…} 
  "CityObjects": { 
    "id-1": { 
      "type": "Building", 
      "attributes": { 
        "measuredHeight": 22.3, 
        "roofType": "gable", 
        "owner": “Elvis Presley" 
      }, 
      "geometry": [ 
        { 
          "type": "MultiSurface", 
          "boundaries": [ 
            [[0, 3, 2, 1]], [[4, 5, 6, 7]], [[0, 1, 5, 4]] 
          ] 
        } 
      ] 
    } 
  }, 
  "vertices": [ 
    [231, 23212, 110], 
    [1111, 3211, 120], 
    ... 
  ], 
  "appearance": { 
    "materials": [], 
    "textures":[], 
    "vertices-texture": [] 
  } 
} 



A CityJSON file

Geometry is ID of the vertex, global list 

compression + more “topology” 

0-indexed

{ 
  "type": “CityJSON", 
  "version": “2.0”, 
  "metadata": { 
    "referenceSystem": "https://www.opengis.net/def/crs/EPSG/0/7415" 
  }, 
  "transform": {…} 
  "CityObjects": { 
    "id-1": { 
      "type": "Building", 
      "attributes": { 
        "measuredHeight": 22.3, 
        "roofType": "gable", 
        "owner": “Elvis Presley" 
      }, 
      "geometry": [ 
        { 
          "type": "MultiSurface", 
          "boundaries": [ 
            [[0, 3, 2, 1]], [[4, 5, 6, 7]], [[0, 1, 5, 4]] 
          ] 
        } 
      ] 
    } 
  }, 
  "vertices": [ 
    [231, 23212, 110], 
    [1111, 3211, 120], 
    ... 
  ], 
  "appearance": { 
    "materials": [], 
    "textures":[], 
    "vertices-texture": [] 
  } 
} 



A CityJSON file

materials + textures possible

{ 
  "type": “CityJSON", 
  "version": “2.0”, 
  "metadata": { 
    "referenceSystem": "https://www.opengis.net/def/crs/EPSG/0/7415" 
  }, 
  "transform": {…} 
  "CityObjects": { 
    "id-1": { 
      "type": "Building", 
      "attributes": { 
        "measuredHeight": 22.3, 
        "roofType": "gable", 
        "owner": “Elvis Presley" 
      }, 
      "geometry": [ 
        { 
          "type": "MultiSurface", 
          "boundaries": [ 
            [[0, 3, 2, 1]], [[4, 5, 6, 7]], [[0, 1, 5, 4]] 
          ] 
        } 
      ] 
    } 
  }, 
  "vertices": [ 
    [231, 23212, 110], 
    [1111, 3211, 120], 
    ... 
  ], 
  "appearance": { 
    "materials": [], 
    "textures":[], 
    "vertices-texture": [] 
  } 
} 



BuildingParts: links between City Objects (file is flattened)
   
  "CityObjects": { 
    "id-1": { 
      "type": "Building",  
      "attributes": {  
        "roofType": "gable" 
      }, 
      "children": ["id-56", “id-832”, “mybalcony”] 
    }, 
    "id-56": { 
      "type": “BuildingPart", 
      "parents": [“id-1”],  
      ... 
    }, 
    "mybalcony": { 
      "type": "BuildingInstallation",  
      "parent": [“id-1”], 
      ... 
    } 
  } 



BuildingParts: links between City Objects (file is flattened)
   
  "CityObjects": { 
    "id-1": { 
      "type": "Building",  
      "attributes": {  
        "roofType": "gable" 
      }, 
      "children": ["id-56", “id-832”, “mybalcony”] 
    }, 
    "id-56": { 
      "type": “BuildingPart", 
      "parents": [“id-1”],  
      ... 
    }, 
    "mybalcony": { 
      "type": "BuildingInstallation",  
      "parents": [“id-1”], 
      ... 
    } 
  } 

goal == a flat schema



CityJSON software



web-viewer: ninja.cityjson.org

Nice fact: programmed mostly by 2 
Geomatics students, as projects for  

GEO5010 

You can do the same (or similar!)

http://ninja.cityjson.org


macOS viewer: azul (from Ken)

It’s in the App Store



CJLoupe



Validation of the syntax of a file: cjval
{ 
  "type": “CityJSON", 
  "version": “2.0”, 
  "metadata": { 
    "referenceSystem": "https://www.opengis.net/def/crs/EPSG/0/7415" 
  }, 
  "transform": {…} 
  "CityObjects": { 
    "id-1": { 
      "type": "Buildnig", 
      "attributes": { 
        "measuredHeight": 22.3, 
        "roofType": “gable", 
        "owner": “Elvis Presley" 
      }, 
      “geometry": [ 
        { 
          "type": “MultiSurface", 
          "boundaries": [ 
            [[0, 3, 2, 1]], [[4, 5, 6, 7], [[0, 1, 5, 4]] 
          ] 
        } 
      ] 
    } 
  }, 
  "vertices": [ 
    [231, 23212, 110.223], 
    [1111, 3211, 120], 
    ... 
  ], 
  "appearance": { 
    "materials": [], 
    "textures":[], 
    "vertices-texture": [] 
  } 
} 

A GEO5010 project from a student also 
kick-started this!



Python parser is simple



cjio (CityJSON/io)   =>    pip install cjio



cjio (CityJSON/io)

$ cjio myfile.json crs_assign 7415 subset --cotype Building lod_filter 2.2 save out.json 

No need to save temp files between 
operators: pipeline is used



QGIS plugin



QGIS plugin



citygml4j

full conversion CityGML <-> CityJSON



Compression factor == ~6XCompression (v0.6)

file CityGML size 
(original)

CityGML size (w/o 
spaces)

textures? CityJSON CityJSON 
compressed

compression factor

CityGML demo 
"GeoRes"

4.3MB 4.1MB yes 582KB 524KB 8.0

CityGML v2 demo 
"Railway"

45MB 34MB yes 4.5MB 4.3MB 8.1

Den Haag "tile 01" 23MB 18MB no, material 3.1MB 2.9MB 6.2

Montréal VM05 56MB 42MB yes 5.7MB 5.4MB 7.8

New York LoD2 
(DA13)

590MB 574MB no 110MB 105MB 5.5

Rotterdam 
Delfshaven

16MB 15MB yes 2.8MB 2.6MB 5.4

Vienna 37MB 36MB no 5.6MB 5.3MB 6.8

5



One example: Zürich LoD2 buildings

CityGML = 3.0GB 

(but 1GB of spaces/CRs/tabs!)

CityJSON = 292MB

Compression == 7.1X



Getting started? 



Filip Biljecki lecture about SVI 

Thursday 11 June @ 13:45—14:45 

Room F


