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Background: 3D Web Geospatial  Ecosystem

● The X3D Web3D Consortium specification

○ Interactive 3D scenes on the Web in real-time.

○ Supports a wide range of 3D graphics features.

○ Support for multiple coordinate projections, double-

precision data types.

● The OGC 3D Tiles specification

○ Efficient delivery and visualization of massive

geospatial datasets on the web.

● We provide interoperability between these web

technologies.
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Havele et al. (2024)
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● Open Specification

○ For streaming massive heterogeneous 3D geospatial datasets

● Spatial Data Structure

○ Enables Hierarchical Level of Detail (HLOD)

● Efficient Level of Detail

○ Based on selection by geometric error from screen space (not

distance)

● Adaptive

○ Optimized for rendering by leveraging glTF as content formt

○ 3D Tiles 2.0 will be integrated into glTF as a large extension

Cozzi (2026): 3D Tiles adoption

OGC (2022)
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OGC 3D Tiles Summary
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X3DOM: X3D Open-Source Implementation for the web

X3DOM.org

Javascript Engine

X3D Geospatial Profile

fully supported

Latest Release

On github repo
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3D Tiles Code Base for web
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● a few js implementations for web

browsers

● CesiumJS ( reference implementations 

), tile loader and traversal tightly 

coupled to engine

● loaders.gl : for mapbox, Uber; is 

derived from older Cesium; map centric 

for traversal tile selection

● 3DTilesRendererJS : NASA-AMMOS, 

Cesium ecosystem grantee, uses 

threejs

● others ( NYTimes, JDUltra )

http://loaders.gl
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3D Tiles examples

CesiumJS

3DTRrJS
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● comprehensive collection of 137 test 

examples in separate project repo: 

https://github.com/andreasplesch/3d-tiles-

examples/ 

● new reference 3D Tiles viewer in  example 

repo using CesiumJS and 3DTilesRendererJS: 

https://andreasplesch.github.io/3d-tiles-

examples/ 

● viewer accepts any 3D Tiles url and shows json 

for quick reference
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Implementation Design
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● Translation of 3D-tiles into X3D(OM) nodes

● Inline for loading glTF content

● Transform for required glTF rotation

● MatrixTransform for 3D Tile positioning,
encapsulates one tile or one tileset

● GeoTransform for GeoOrigin transform 
(x3dom specific)
allows for multiple child tiles

● enables integration in geospatial X3D
including GeoOrigin support
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Node Design
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single GeoTileset node

● url field for 3D Tiles json

● geoOrigin field for potential scene GeoOrigin

● no geoSystem field since 3D Tileset content 

is expected to be in ECEF coordinates (‘GC’)

● internal GeoTransform field to hold constructed 

node structure

● maximumScreenSpaceError field for LOD 

selection tuning

● no other LOD selection related fields since all 

defined in 3D Tiles json

● standard metadata field to hold any metadata

<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.3//EN" "http://www.web3d.org/specifications/x3d-3.3.dtd">

<X3D profile='Immersive' version='3.3' xmlns:xsd='http://www.w3.org/2001/XMLSchema-
instance' xsd:noNamespaceSchemaLocation='http://www.web3d.org/specifications/x3d-
3.0.xsd'>
<Scene>
<GeoViewpoint position="40.029 -75.6148 20">
<GeoOrigin DEF='GO' geoCoords="40.029 -75.6148 0" rotateYUp="true"/>

</GeoViewpoint>
<Inline url='"basemap.x3d"'/>    
<GeoTileset url='"./Tilesets/Tileset/tileset.json"'> 
<GeoOrigin USE='GO'/>

</GeoTileset>
</Scene>

</X3D>

GeoTileset node

outer X3D Geospatial Scene

Tile node

http://www.w3.org/2001/XMLSchema-instance
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Node Design
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single GeoTileset 

node

● metadata field is 

populated by node 

with a Metadataset 

node which holds 

extracted 3D Tiles 

metadata. The node 

has a reserved name 

“OGC 3D Tiles”.
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Node implementation flow
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● use loaders.gl to fetch and parse tileset json

● and to traverse and select tiles depending 

on view (state)

● expects mapbox type view (state) not gl 

style view matrix

● loader accepts callbacks called after 

downloading of content for tiles selected for 

current view
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Node implementation flow
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● onLoad callback then constructs X3D node 

structure and adds it to the parent 

GeoTileset X3D node

● caching by Loader itself and by x3dom for 

glTF content management

● other callbacks for deselection or unloading 

of previously loaded tiles

○ leads to making corresponding X3D 

node invisible or complete removal 

depending on memory
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Summary of supported 3D Tiles features
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● 3D Tiles is a large spec. with a lot of 

functionality

● a substantial subset is supported which 

allows for many applications

● support is a function of existing glTF 

extensions support in x3dom and

● existing 3D Tiles feature support in 

loaders.gl libraries

http://loaders.gl
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DEMO
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https://earthstruct.github.io/x3dom/test/fun

ctional/3dtiles/tests.html
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Thank You!
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