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Figure 1: Sibbe OGC 3D Tileset superimposed on Google Photorealistic 3D Tileset in X3DOM scene
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Background: 3D Web Geospatial Ecosystem

e The X3D Web3D Consortium specification

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

o Supports a wide range of 3D graphics features.

o Support for multiple coordinate projections, double- x3dom

precision data types. Sl

e The OGC 3D Tiles specification 3

o Efficient delivery and visualization of massive “’3DTies
geospatial datasets on the web.

e We provide Interoperability between these web

technologies. <
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Figure 1: Relations between X3D, X3DOM, Cesium systems, glTF and OGC 3D Tiles.
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OGC 3D Tiles Summary

OGC* DOCUMENT: 22-025R4 Open
Geospatial

External identifier of this OGC* document: hittp . 'www.opengis.net/doc/co/I0Ties/1.1 G G Consortum

° Open Specification .
o For streaming massive heterogeneous 3D geospatial datasets = o
° Spatial Data Structure ‘ -
o Enables Hierarchical Level of Detail (HLOD)
° Efficient Level of Detail
o Based on selection by geometric error from screen space (not
distance) 3D TILES

) Adaptive SPEC'F'CAT'ON

o Optimized for rendering by leveraging gITF as content formt x
o 3D Tiles 2.0 will be integrated into gITF as a large extension
COMMUNITY STANDARD
APPROVED
- (2] netywn :
3D Tiles : x ‘
- . -~ e
in 3D engines =S |
El
OGC (2022)
Version: 1.1
Subsmission Date: 20221007
Approval Date: 20221217
Publication Date: 20230112 -
€ditor: Patrick Cozzi, Sesn Lifey <
Netion: This soaument b an OGE Manber aposswed intemanonad stasctnd This docsmert is Jasbibie on 3 sosalty s, son-dacmisseony [
b, Srcipients of this doosmesn 2rw inwiad tn wtad, with thedr comeents, netScatn of svy beaant et s OF shic: they e sware
ard I prodce w@eonisg docasertation
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X3D0OM: X3D Open-Source Implementation for the web

xX3dom

Instant 3D the HTML way!

X3DOM.org X3D Geospatial Profile Latest Release

Javascript Engine fully supported On github repo

Wy
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3D Tiles Code Base for web

% loaders.gl/s /3d o = F 4
O wa losdera gl
. . . p— loaders.gl 2 P—
y & feW JS Implementatlons for Web . [3D Tiles] 3D Tileset loader without deck.gl
browsers 3D Tiles

» Memory Usage

e CesiumJS ( reference implementations
), tile loader and traversal tightly
coupled to engine

13
hitps./fr

aw.githubusercontent.com/ly
lrnx_;al.\l 75.61217.40.0

isglloaders.gl/master/modules/3d-

Tl

15.23

tilesftest/data/CesiumJS/Tilesets/

esellilese 50N

° . for mapbox, Uber; is
derived from older Cesium; map centric
for traversal tile selection

andreasplesth

e 3DTilesRendererdS : NASA-AMMOS,
Cesium ecosystem grantee, uses
threejs

e others (NYTimes, JDUIltra)
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http://loaders.gl

3D Tiles examples

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

% andreaspleschogithubio ‘ Md:hﬂps//“{e;sp‘eschgﬂhbw-ulesﬂ.

Ql#l@

3D Ties lnspector

1. 519739295227593)

€&75%33,
1.319644104024109

. inimum®: @,
"maxisus" A 4
1
"L e
H » m": B 875034005,
CesiumlJS | s
)
’ i 6.161 58,
“na m": 85.4 63

Downloading: 0 P; * “eoves

':“.V'.-- .
R
3DTRrJS

JSON

Figure 2: Custom 3D Tiles viewer application using CesiumJS
and 3DTilesRenderer]S (3DTRr])S) for rendering, and show- A
ing the JSON data structure in parallel. [
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Implementation Design

e Translation of 3D-tiles into X3D(OM) nodes

3 <X3D profile='Immersive’' version='3.3' xmlns:xsd-'h}gpiZZUVV.WB.0(g[2§gi{§ﬁLSchela-
4 <Scene>
e Inline for loading gITF content 5 <GeoTransform globalGeoOrigin="true">
6 <GeoOrigin DEF='G0' geoCoords="46.629 -75.6148 0" rotateYUp="true" />
. . 7 <MatrixTransform>
e Transform for required gITF rotation 8 <Transform rotation='10 @ 1.5768'>
9 <Inline url='"https://andreasplesch.github.io/3d-tiles-examples
. . . . 10 </Transform>
e MatrixTransform for 3D Tile positioning, 1 </iNetrixTransfore
encapsulates one tile or one tileset 12 </GeoTransform>

</Scene>
‘. </X3D>
e GeoTransform for GeoOrigin transform

(x3dom specific)
allows for multiple child tiles

Figure 3: Principal X3D representation of tile content show-
ing glTF loading and appropriate Transform hierarchy.

e enablesintegration in geospatial X3D
including GeoOrigin support
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<X3D profile='Immersive’ version='3.3' xmlns:xsd='http://www.w3.org/2001/XMLSchema-

single GeoTileset node <Scene>

<GeoTransform globalGeoOrigin="true*>
<GeoOrigin DEF='G0"' geoCoords="40.029 -75.6148 0" rotateYUp="true" />
: . . <MatrixTransform>
url field for 3D Tiles Json ) <T:ansforn rotation='1 6 © 1.5768'>
. - . . 0o GeoTileset node <Inline url='"https://andreasplesch.github.io/3d-tiles-example
geoOirigin field for potential scene GeoOrigin </Transform>
. . . </MatrixTransform>
no geoSystem field since 3D Tileset content </GeoTransform
. . . . 0 </Stenes
Is expected to be in ECEF coordinates (‘GC’) </X30>
e internal GeoTransform field to hold constructed
node structure <X3D profile=' Immersive’ version='3.3' xi :
. . ' xsd:noNamespaceSchemalocation= OUter X3D Geospatlal Scene
e maximumsScreenSpaceError field for LOD 3.0.xsd'>
. . <Scene>
selection tun|ng <GeoViewpoint position="40.029 -75.6148 20">
e no other LOD selection related fields since all <oy PEF= 607 geoCoords=140.029 -75.6148 BT rotateVUp=ttrue’/>

. . . ; <Inline url='"basemap.x3d"'/>
defined in 3D Tiles Json <GeoTileset url='"./Tilesets/Tileset/tileset.json" "> T||e nOde
e standard metadata field to hold any metadata <GeoOrigin USE="GO"/>

</GeoTileset>
</Scene>
</X3D>

ny
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http://www.w3.org/2001/XMLSchema-instance

w<geotileset containerfield="tileset"” geometricerror="4757.024918988347" maximumscreenspaceerror:
w<metadataset name="0GC 3D Tiles" reference="https://www.o0gc.org/standards/3dtiles/" containerf
<metadatastring name="asset.version” value=""1.1"" reference></metadatastring>
<metadatastring name="asset.tilesetVersion" value=""undefined"" reference></metadatastring>

</metadataset>

Uy
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' Node implementation flow

15

tilesetJsonPromise = this._load(
this._vf.rootprl[e], this._Tiles3DLoader, { '3d-tiles': {isTileset: tru

use loaders.gl to fetch
3

var that = this;
tilesetJsonPromise.then(
function fullfilled ( tilesetJson )

and to traverse and «
. console.log( tilesetJson );
on view (State) const tileset3d = new that. Tileset3D( tilesetJson,
{
throttleRequests: false,
onTileLoad: that._onTileLoad.bind( that )
expects mapbox type 1;
. . let rt = that._nameSpace.doc._x3dElem.runtime;
Style Vlew matrlx const viewportOpts = {
width: rt.getwidth(),
height: rt.getHeight(),
latitude: tileset3d.cartographicCenter[1],
Ioader accepts Ca"baCkS C longitude: tileset3d.cartographicCenter[0],
H itch: 2, // from vertical
downloading of content for t prtch: 2
bearing: 10, // from N ccw
. . e A . ey . o . .
Current view zoom: 14, // size=360/2Azoom; 360/size=2Azoom; zoom=1n2(360/size);
// nearZ: 0.59679,
// farZ: 5967.85292
// projectionMatrix: rt.projectionMatrix().toGL()
}
that.viewport = new that._WebMercatorViewport( viewportOpts );
tileset3d.update ( that.viewport );
console.log ( tileset3d ); {
return tileset3d.selectTiles ( that.viewport ); \
}I . I “
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' Node implementation flow

e onlLoad callback the
structure and adds |

' x3dom / src / nodes / Geospatial / GeoTileset js

lines (329 loc) - 15.6 KB

GeoTileset X3D n

e caching by Loader
gITF content mana

e other callbacks for d
of previously loaded t

o leads to making

node invisible or

depending on me

16

_onTileload : function ( tile )

CONST Tileex =

{
doc : this. ctx.doc,
runtime : this. ctx.runtise,
xmlNode : this. ctx.xmlNode.cloneNode{ true ), // overwritten
nameSpace @ this, Ctx.nameSpace
b

tileCtx. xmlNode = document.createtlement(’'Transform');

let glTFTransform = new x3dom.nodeTypes.Transform( tileCix );

g1TFlransforn. vf.rotation = x3dom.fields.Quaternion,parseAxisAngle( 1 8 0 " + Math.PI/2 );
glTFTransforn. fieldChanged( “rotation™); //applies to trafo

tileCtx. xmlNode < document .createflement('Inline’);

let glTFInline = new x3dom.nodeTypes.Inline( tileCtx );

glfFInline. vf.url = x3dom,flelds . MFSteing.parse{ tile.contentUrl );
glTFInline.nodeChanged(); //is necessary and loads the inline sceno

gl TFTransforn. addChild( glTFinline );
glTFTransform. nodeChanged(); //is necessary

tileCtx.xmlNode = document.createElement('MatrixTransform®);

let tileTransform = new x3dom. nodelypes MatrixTransfora( tileCtx );

tileTransform. _vf.matrix « x3dom.fields.SFMatrixAf. fromirray( tile.computedTransform ).transpose();
tileTransforn. fieldChanged(“matrix™); //applies to trafo

f/tileTransform. _trafo.setfromirray ( tile.computedTransform ); //shortcut works but does not update
tileTransform. addChild( glTFTransfore );

tileTransform. nodeChanged();

this. geoOriginTransfors.sddChild( tileTransform );
this._geoOriginTransfors,nodeChanged(); //1s necessary and loads the inline scene

Uy
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Summary of supported 3D Tiles features

e gITF 2.0 as the only tile content format

e 3D Tilesis a large spec. with a lot of o A list of gITF 2.0 extensions:

functionality KHR_mesh_quantization
e a substantial subset is supported which EXT_meshopt_compression

allows for many applications KI—IR_draconesh_compressmn '

: : . KHR_materials_pbrSpecularGlossiness

e support is a function of existing glTF KHR materials unlit

extensions support in x3dom and KHR_texture transform
e existing 3D Tiles feature support in KHR_lights_punctual

libraries KHR_materials_emissive_strength

EXT _texture_webp
MSFT texture dds
e full traversal of a tile set
e LOD selection through geometric error and tunable maxi-
mum screen space error
REPLACE and ADD refinement strategies
tile sets of tile sets
tile sets with empty roots
implicit tile sets with quadtrees and octrees

17
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DEMO
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https://earthstruct.github.io/x3dom/test/fun
ctional/3dtiles/tests.html

Figure 5: The Bay area in the Google Photorealistic 3D Tile-
set rendered together with geospatially positioned, and an-
imated X3D and Web3D logos loaded from the X3D exam-
ple archive (https://www.web3d.org/x3d/content/examples/
Basic/) demonstrating full integration. Access to the Tileset [ [
requires a key. The information panel shows current head- ‘
18 ing, pitch, zoom level, loaded tiles and memory usage. Web3D 2026







