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3D Solid Charts in a Virtual Globe (presented at ICC 2015)

Nested hemispheres 3D coin chart Abacus charts
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Animation techniques

Shape-preserving animations:
= Translation, Rotation, Uniform scaling

= Change of surface properties (e.g. color, transparency, texture, reflection, glow)
= Change of environment lighting

Shape-altering animations (= deformations):
= Splitting & Merging

= Extrusion & Compression

= Twisting, Bending, Shearing

= Morphing
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Use cases: An atlas map

User loads map

@ ATLAS OF SWITZERLAND Initialization:
Extrusion
@ Nature and Environment Vv Ice and Snow Vv Random maps
User selects
Glaciers  Glacier history Chal’t Segment
e T S g o e i~ Highlighting:
Glaciervolume ST, e S Colorization

User zooms out

Aggregation:
Morphing
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Use cases: Another atlas map

Automatic wood-fired heating
systems

Wood is something special. Its combustion i&?g‘ -
§

{
2 e

comprises three phases, as follows. First comes
the drying stage at temperatures up to around '
150°C during which any water contained in ...

t Cantons

Number (height) and capacity (sector size)

Excluding wood processing/pellet fires - 4

Including wood processing -- 4
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User changes
temporal unit

Temporal animation:
Extrusion & Scaling

User selects
category

Refinement:
Splitting

User selects
chart segment

Displacement:
Translation
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Implementation: First attempt

= Rendering by traditional 3D graphics pipeline

Application — Geometry — | Rasterization | — Display

[Moller et al. 2008]

= Well-suited for shape-preserving animations
= Transformation of vertices of 3D shapes

Challenges:

= Large amount of vertices for some shapes (e.g. spheres)
= CSG operations (union, difference, intersection)

= Deformations
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Implementation: Next attempt

= Describe 3D shapes implicitly by mathematical functions -
Functional representations (F-Reps), minimum distance functions

= Rendering by ray tracing algorithms, here sphere tracing (ray marching)

I S
/ (U, O] (la 1)

Focal length (w, h) (1,-1)

[Hugo 2013] [Donnelly 2005] [Hugo 2013]

Challenges:

= Calculations per pixels = slower for large screen-sizes, but real-time rendering
possible with modern graphic cards
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Implementation: Resources

website

articles Shadertoy
terrain raymarching

Browse  New Sigaln

KN 4035 27.11ps
Raymarching - Primitives

‘Tag3: procedural 34, raymarching, destancefiekds
primitives

32t o et an cormabn frchirs G eimerce, Vore réo bare

» Pdes 8 (5% ?
D T - - - -
; ok return (dLxcd2x) 741 1 42
returm mor(c2,d1.step(clxd2x));
2 1 hannelo WChannell WChannel2  hanmel 3

;‘Mnﬂl\bﬂ =,
105.2) = sin(x)@sin(z) Aotk

Inigo Quilez’ website Shadertoy
Computer graphics experiments Fragment shader examples
http://www.igquilezles.org http://www.shadertoy.com
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Cesium
Virtual Globe SDK
http://cesiumis.orqg/
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http://cesiumjs.org/
http://www.shadertoy.com/
http://www.iquilezles.org/
http://ikgrai1.ethz.ch/3d_cartography_with_cesium/HelloWorld.html
http://ikgrai1.ethz.ch/3d_cartography_with_cesium/HelloWorld.html

Implementation: Steps

= Creating a vertex and fragment shader

= Synchronizing perspective projections float raySphere(vec3 p, float ) |
= Calculating the depth buffer e

= Adding the Lambertian reflectance model

= Finding minimum distance functions

= Extending rays for transparency flost ox(vecs b, vecd bl |
e = ab3\p) - H
= Handling the selection of chart segments return max (d-x, max(d.y, d.z));

1
= Optimizing performance
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Results: 3D pie charts

4

- @ CESIUM 13 bing o sesyss cmsice e o v
g e o o o P i o 2 s ps s o o vt STV
14:10:58 UTC CachumiMcget or any othor abjoct that uses tho Bing Maps APY. - kmage couriacy of NASA - © 2017 inisamap - Earhaiar Geographics SIO - © 2017 Mierasoft Corporaion

PRETRES |y Xin 21 2017 16:00:00 UTC sz!mn‘mwwurc Jun Z zﬂnruwooulc Jun 22 2017 04 00:00 UTC Jm:zzmrimmouuvc
| |

Translation

Animations for 3D Solid Charts in a Virtual Globe — Techniques, Use cases, and Implementation

5 by he Eumgpesn Union - EULDEM byyers « This spplication & using Cesiunts defaull Bing Maps key Plexse
i com. snd provide your ki 10 Casium by sefiing he Cachun BingMapsAg delioy prperty belom consnasing the

y.

- @ TESIUM. 15 5ing ¢ attcs smssis . 6 0ottt rotmediion Copmions i iwnotion isd by e B iion- it et SR
o e o o B e e S - s i e L S oG
09:4221 UTC Cacumiiget o sny othar atyoct Bhat uzes tha Bing Waps AP,  kmage couriacy of NASA - © 201 irermep - Earthalic Geogiphics SIO - © 2017 Mcrosoh Corporation

<41l » & szzzm?llzmwu!c .mn::zﬂnlismooulc Jun 22 2017 200000 UTC Jm:amﬂi)ummuvc mnz:zﬂn:umwufe
J |

Extrusion & Compression

Schnurer etal. |

Jun 23 3017 08:00:00 UTC | & 2
| s

ICC 2017




Results: Stacked pyramid frustums
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Results: Nested hemispheres
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Results: 3D donut chart
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Splitting & Merging
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Results: Stacked cuboids
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Results: Performance

E -
e

25 charts in one scene: Bounding sphere pre-test: Charts on individual billboards:
8 FPS 16 FPS 32 FPS

Test environment: Intel Xeon quad-core 3.30 GHz processor, Nvidia Quadro 600 graphics card, Chromium browser, 1280x936 window
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Results: Performance

200 animated charts
on individual billboards:
11-14 FPS
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Conclusion

= Creation and animation of 3D solid charts in real-time
= Shape-preserving and shape-altering animations
= |nteractions with charts in a virtual globe environment

Outlook:

= Definition of a 3D chart animation language

= Post-processing: Anti-aliasing, outline rendering
= Usability study

Animations for 3D Solid Charts in a Virtual Globe — Techniques, Use cases, and Implementation Schnireretal. | 1CC2017 | 16



Thank you for your attention!

Raimund Schnurer
schnuerer@ethz.ch

Researcher and Developer
Atlas of Switzerland
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