Complex Models, Simple Solution:

Theevolution of 3D Tiles for streaming, rendering, and querying massive heterogenous 3D model
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Unlocking 3D geospatial for r”.__
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A 20Year Journey: The Technical Story

2019
2006 Venture
Masters 2015 Open Backed
Thesis Standard Startup

2011 2018

Open Developer
Source Platform
Project

2026
Best of
times are
ahead
O O
2024
Acquisition

Still feels like early days with research

opportunities with likely near -term impact
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Visibility Driven Oubf-Core HLOD Renderingasters Thesis2008

ABack then...

0 GPUs: 16200 million triangles per second
oBoeing 777: 350 million polygons, 3®0 GB
o Compressed satellite imagery for Google: 70 TB

AEven with hardware advancements, specialized rendering
algorithms will always be needed




Fast Forward to 2015...
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AScale: subsurface to
outer space

APrecision
AFree roam camera

ACompletely
programmable

AReal world content
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Massive Heterogeneous | Nedniform | Semantics

Point cIoud of the Church of St High resolution terrain and imagery
Marie at Chappes, France.
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http://cesiumjs.org/NewYork/
http://cesiumjs.org/2015/08/10/Introducing-3D-Tiles/

Typical 2D Geospatial Approach
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SDTiles

tile

bounding volume

Tile

‘ bounding volume

= @

region sphere

® geometric error
® refine

® content

- bounding volume (box, region, or sphere)

---------- » Separate file with tile contents,
streamed on demand

T children|[ ]
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Impact of engaging open standards commun

x3dom

3D Tiles —
in 3D engines
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osgEarth

© GeoSolutions
MapStore @ NVIDIA
Omniverse
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Today's focus: runtime 3D Tiles Engine
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Tiling Pipeline

Cloud Serving
Architecture
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Runtime 3D Tiles
Engine

RenderingEngine
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Building 3D Tiles from the ground up

[ Compression ]

[ Instancing ]

HLOD

[ Geospatial ]

[ Metadata ] \
!

o]

[ Tile selection ]

[ Out-of -core ]

[ Batching ]

[ Precision ]
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Single Model

ATime to first render: 1.07s
ANum triangles: 1,394,625
ATexture memory: 512 MB

agi.bin

m agi.gltf

Model_1.jpg

33.9 MiB Unknown Today

2.9 KiB gITF model Today

6.9 MiB JPEG raster data Today

7.3 MiB JPEG raster data Today

Loading...
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Hierarchical Level of Detall
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Hierarchical Level of Detall

ASpatial subdivision
AGeometric error




Spatial Subdivision
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Geometric Error

Simplified Mesh

Original Mesh
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Screen Space Error (SSE)

The geometric error is measured in The screen space error (SSE)

meters, comparing the simplified is measured in pixels:

geometry to the real geometry:
Vi

tile
geometricError: 61 5

content: SSE:
about
4 pixels
children[0]:
geometricError: 28
content: SSE:
about
2 pixels
children[0]:
geometricError:
content: SSE:
about
1 pixel
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Tile Selection Code

AAdditive refinement

screenSpacekError = computeScreenSpaceError(camera, geometricError)
if screenSpaceError <= maximumScreenSpaceError
Il select tile

/l recurse over children
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TileSelectionCode

AReplacement refinement

screenSpacekError = computeScreenSpaceError (camera, geometricError )
if screenSpaceError <= maximumScreenSpaceError

Il select tile
else

/Il recurse over children
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Hierarchical Level of Detall

ATime to first render: 0.47s
ANum triangles: 516,704
ATexture memory: 342 MB

Loading...
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AFixed memory budget (e.g. 512 MB)
ALRU Cache

[ Tile ][ Tile ][ Tile ] [Sentinel] [Se'ﬁfeted] [Se'fiﬁied] [Se'ﬁfeted
LRU » MRU




Tile Selection Optimizations




Frustum Culling
AResults: 30-40% less tiles rendered

e e 1 o o TS oY
Before: 37 tiles After: 23 tiles




Hierarchical Culling With Children Bounding Volu

ACheck if at least one child is visible
before selecting parent tile

AResults: 8-22% less tiles rendered




Horizon Culling

A Check if tile is occluded by central body
AResults: 530% less tiles rendered

Before: 43 tiles After: 31 tiles



GPU Occlusion Culling

1.

Depth-only prepass

GPU occlusion query usingile
bounding volume

If all pixels are occluded either:

o Cull tile
0 Select tile but don't refine (this avoids holes)

Before: 192 tiles

After: 96 tiles




GPU Occlusion Culling

550
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Tile Loads

Without Occlusion Culling

With Occlusion Culling
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Fog disabled Fog enabled Debug view

Before: 327 tiles After: 228 tiles



Camera flight SSE adjustment

1. When camera is moving, use a mock resolution in the screen space error calculation that

Alncrease Screen Space error during iafractionoftheatualscnresolion.
camera flights s

A Cancel requests for tiles that are no
longer Iin view

AResults: 27-49% less tiles loaded

Camera moving
Lower Resolution

Camera not moving
Full Resolution
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Foveated screen space error deferral

A Tile requests prioritized based on several factors:

0 Depth in thetileset

o Distance to the center of the screen

o Distance from the camera.

A Tiles on edge of screen are deferred until camera has been

motionless for some period

A Results: perceptually important tiles load 2.0x to 2.3x faster

Tiles colorized by how close they are to the

center of the screen

Yellow tiles are deferred

Desired Priority Number Format
Back face defer

]

Example

: 0.333434343223 /0/0.786643454
0.4238697233511842

: 1/0/3
0.3333333333333333...

Back face deferral
/alue / Min / Max: True / Not applicable




Camera flight destination preloading




LOD Skipping

Overlap artifacts



LOD Skipping

Original
Original Draw Commands vs. Time Time (ms) / Draw Commands (#)
Optimized
Optimized Draw Commands vs. Time Time (ms) / Draw Commands (#)
120
40
4000 8000 12000 16000




Tile Content Optimizations
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Geometry Compression: Draco
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3D Tiles Lossless %zip 3D Tiles Draco (cm precision) 6zip
Tilesetsize: 738 MB Tilesetsize: 149 MB

Load time: 18.92 seconds Load time: 10.55 seconds WPE




Geometry Compression: Draco

3D Tiles Lossless %5zip 3D Tiles Draco (1 mm precision) &zip
Tilesetsize: 1.83 GB Tilesetsize: 0.64GB

Load time: 9.79 seconds Load time: 4.45 seconds WPE




Geometry CompressioiMeshopt
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3D Tiles Lossless €5zip 3D Tiles Draco (1 cm) &zip 3D Tiles Meshopt (1 cm) + Gzip
Tilesetsize: 3.72GB Tilesetsize: 0.85 GB Tileset size: 0.86 GB
Load time: 33.3 seconds Load time: 9.25 seconds Load time: 9.46 seconds




Texture Compression: KTXRdsisU

A 69% smaller than PNG
A 14% larger than JPEG
A 5-10% faster load time than JPEG

0 Less GPU data transfer

A 85% less GPU memory

Data: Aerometrex 2cm resolution photogrammetrydowntown San Francisco



AMinimize draw calls by combining geometry and materials

AFeature ID enables individual picking, styling

[ - Name: “Building B”
gITF primitive Year: 2015

Coordinates: (-75.1652, 39.9526)
@—@®

POSITION |1.e.0.]2,0.8.]2,0.2,]1,0,2,]3.8,0,]4.0,0,]4,0.1.]3,0.1]

FEATURE_ID_® [0 [e B le B |1 [1 [+ ] O—0)

indices: IO, 10200, 52, 3,|4, 5,6, 4,6, 7 I z ‘
L>x O—® I o

Property Table

Feature ID | Name Year Coordinates

0 “Building A" 1999 -75.1653, 39.9524

1 “Building B" 2015 -75.1652, 39.9526
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AGPU instancing for repeat geometry
A Per instance translation, rotation, scale, ID
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Other Optimizations

A Geometry

0 Vertex cache optimization
o Overdraw optimization
0 Vertex fetch optimization

A Picking
0 Render 3x3 pixel region
o Tile traversal with narrower frustum

AWeb Workers for decompression
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Future ldeas
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Future Ideas (1/3)

A GPU Culling + multidraw indirect (WebGPU
A Meshlet culling
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