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1 EXECUTIVE SUMMARY

In 1998 Al Gore described his vision for a digital earth (or virtual globe) as a 3D virtual representation
of the Earth which would provide access to vast amounts of scientific and cultural information to

help untrained people understand the Earth andngtural and human phenomena atemand,

from global to local scales. The International Society for Digital Earth was established in 2006 to
further this vision.The International Society for Digital Earth is apofitical, hongovernmental

and notfor-profit international organizationwhichprincipallyaims to promoteacademic exchange,
science and technology innovation, education, and international collaboration towards Digital Earth.
The vision has been partly realised, with a number of different Viglabes existing today.

The Open Digital Earth Foundation (OEDF) was recently established to contribute to the global effort
to help fully realise the original visipand to encourage partnerships in open globe applications to

enable the powerofglobe$2 6S GARSt & &aKINBR (2 KSfLI I RRNBaa

those nations and communities with lesser access to emerging technalogies

This paper provides a preliminary summary of 23 existing unique virtual globe platforms and seven
associatd visualisation applications, plus four virtual globe visualisation applications that do not
qualify as platforms as do not allow users to add any data or make customisations. Information is
mostly drawn from the websites of each globe, with limited saftevtesting performed. The paper
classifies virtual globes as; platforms and/or visualisation applications, open source or closed source,
and public access or restricted access, noting whether they are free or paid. It also summarises
whether each globe qports 11nominatedpotential userfunctionalities.

It is hoped that in finalising the paper, examplesase studyapplications andommentary from

virtual globe users, developers apglperts will be included. Such inclusion wouylbvide some
insightinto the reasons globes are created, why certain technologies are chosen, and the benefits
the use of globes have to organisations and individuals.

This document is intended as a resource for interestedeselsto understand the range of globe
options awilable, their functionality and characteristics. The intent is to provide information to
users, not to provide analysis or recommendations on which globes best suit particular purposes.
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2 PURPOSE OF THIS PAPER

This papepresents a updatedpreliminary summary o34 virtual globe platforms and visualisation
applications

3 INTRODUCTION

A digitalearth (or virtualglobe) is a 3Dvirtual representation of the Earth that can display many
different views of theplanetand itsnatural and human phenomen¥irtual globes can be
categorised aplatforms or visualisatioapplicatiors,open source or closed sourcmd public
access or restricted acce@s well asvhether they arefree or paid)

Platformsprovide the base globe (softwam source codgonto which data antbr customisations

can be added to creatdsualisationapplicatiors for specificregions or themesMany of the existing
virtual globeplatforms are also classified as visualisation applications agtioeyde data (the

amount and type of which variesyhee are a fewvirtual globes that are only classified as
visualisation applications and do not qualify as platforms, as do not allow users to add any data or
make any customisations.

Closed sourcplatforms arecomplete software packageargeted at end usrs who simply need to
add data to create visualisatia@pplicatiors for particular areas or themesJsers often have to pay
for closed source systems, although free versions with limited functionality are sometimes available.
For closed source systemsethwnership of the softwarstays with the producer of the product
which means the user canneell, distribute, copy and/or change the content of the softwake the
owner has complete control, it puts the user at risk if for instance the owner decidasdidenly
decommission the producOpensourceplatformsare often not as straight forward to usesotend
to betargeted at experienced users/developerbo cansupportbuild andcustomisation(via
coding) Open source platformean beupdated more quicklyhan closed source platformshen the
user community gets enthusiastic. They mayni@re reliable for long term projecidue to the
broader base of developers which reduces the likelihood that theydisdlppear if the original
creabr stops working on thenEnd users can then use the resulting visualisations created.

Public accesglobes arevisualisatiorapplicatiors for which the data theyrovideis publicly
available, while the data irestricted accesglobes may be restricteatfor example a specific
company or section ad government.

This paper summarise82nique virtual globe platforms. The existencesofmanyvirtual globe
platformsis likely a consequenced the immaturity of thetechnology. Emerging technologies tend

to have many players in the beginning, all offering slightly different products looking for a
competitive advantage. Over time, as the technology matures, certain products obtain the market
share and others drop out of the market or are absorbed by thgdri playerswe may see the
number of unique virtual globe platforms reduce as they become more ubiquitous.



4 EXISTING VIRTUAL GLOBES OVERVIEW

Tablel summarise®3 existinguniquevirtual globe platforms andevenassociated visualisation
applications plusfour virtual globevisualisation applicationthat do notqualify as platforms ado

not allow users to add any data make any customisationk is likely that many other visualisation
applications and possibly some platformexist which are not discussed in this papEne globesn

the tableare categorisedas platform and/owisualisatiorapplication closed source or open source,
publicor restricted accessand free or paidThe operating system for each globe, as well as whether
each supportd.1 potential userfunctionalities is summarisedh Table2. Thecontent ofboth tables
isbased on information available online and limited testiglobes or demo globeSome of the
major globeqthosenumberedl-7 inTablel) are described in further detail isectionss and 6 with

the remainder very briefly described in sectidn

Tablel Categorisation oR3 existingunique virtual globe platforms andsomeassociated visualisation applicationplus
4 virtual globes that arepurely visualisationapplications

Unique Visualisation Closed / Public / Restricted Free /
Platform Application Open Access Paid
Source
1 Google Earth = Google Earth Closed Public Free
QLD Globe Closed Public Free
QLD G20 Globe Closed Public Free
2 ESRIArcGIS  ArcGIS Earth Closed Public Free
Earth
3 Bing Maps8sD  Bing Maps3D Closed Public Free
4  PYXIS WorldViewStudio & Closed Public Free &
WorldView Gallery Paid
Studio
5 Cesium Cesium Open Public Free
Australian National May Open Public Free
Bhuvan3D Open Public Free
QLD Cube Globe Open Public Free
6  World Wind World Wind Open Public Free
3D Data Viewer Open Public Free
7 Marble Marble Open Public Free
8 | SkylineGlobe @ SkylineGlobe Closed Public Paid
Army Geospatial Closed RestrictedUS Army) = Restricted
Enterprise (AGE)
GeoGlobe
9 EMVGlobe Unknown(Chinesg Unknown Unknown(Chinesg Unknown
(Chinesg (Chinesg
10 SuperMap GIS SuperMap GIS Closed Public Paid
11 Digital Earth Digital Earth Science  Closed RestrictedChinese Restricted
Science Platform(DESP/CAS) Government)
Platform
12 osgEarth - Open n/a as platform only = Free
13 CitySurf Globe CitySurf Globe Closed Public Paid
14  Earth 3D Earth 3D Open Public Free
(donations
taken)
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16
17
18

19
20
21

22
23

24
25
26

27

EarthBrowser

OpenWebGlobe
Glob3 Mobile
WebGL Earth 2

VirtualGeo
OssimPlanet
Norkart Virtual
Globe
GeoBrowse3D
Microsoft
Visual
Experience
Engine

EarthBrowser Closed
OpenWebGlobe Open
Glob3 Mobile Open

WebGL Earth 2 Open

VirtualGeo Closed
OssimPlanetViewer Open
Norkart Virtual Globe = Open

GeoBrowsesD Closed
World Wide Telescope Open

*NASA Byes Closed
*Kaspersky Cyberthreal Closed
*Pokémon GO Closed

*Science On a Sphere Closed

Public

Public
Public
Public

Public
Public
Public

Public
Public

Public
Public
Public

Public

Paid
(cheap)
Free
Free

Fee
(donations
taken)
Paid

Fee

Fee

Paid
Fee

Fee
Fee
Fee&
Paid
Fee&
Paid

*Not a platform as does not allow the user to add any datanake any customisations



Table2 Virtual globe userfunctionality overview (Note that the below information was gathered online and from limited testing of globes andatscuracy is not guarantegd

Virtual Globe

Operating System

Basemaps &

Place

3D

Add Data

3D

Terrain

Distance

Annotate

Symbology Analysis

Extensible

Google Earth
ArcGIS Earth
Bing Maps 3D

PYXIS
WorldView

Cesium

World Wind

Marble

SkylineGlobe

E\tGlobe

SuperMapGIS

DESP/CAS
osgEarth

Windows, Mac,

Linux, Android, iOS

Windows
Windows

Windows

Any browser that
supports WebGL
includingmobile
All platforms
including Android
and iOS
Linux,Windows,
Mac, Android
Windows

Windows

Windows, Linux, AlX,

K-UX, Android and
i0S
unknown

Linux, Mac, Windows

Data
Yes (only
basemap is
imagery)
Yes
Yes

No (none
loaded by
default but
provided via
Gallery)
Yes

Yes

Yes

Yes (higkres
US imagery
& streets
lower-res
elsewhere)
unknown
Yes For
Chira)

unknown
Yes
(example
Earth files)

Search
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

unknown
Yes

Navigation
Yes

Yes
Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

unknown
Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

unknown
Yes

Objects
Yes

Yes
Yes

Limited

Yes

Yes

No

Yes

Yes

Yes

unknown
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

unknown
Yes

Measure
Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

unknown
Yes

Yes

Yes
Yes (pin

only)
No

Yes

Yes

No

Yes

Yes

Yes

unknown
Yes

Control
Limited

Limited

No

Yes

Yes

Yes

No

Yes

Yes

Yes

unknown
Yes

No

No
No

Yes

Yes

Yes

No

Yes

Yes
Yes

unknown
Yes (e.g.
line of
sight)

No

No
No
No (has

some
widgets)

Yes

Yes

Yes

Yes

Yes

Yes

unknown
Yes



CitySurf Globe
Earth 3D

EarthBrowser

OpenWeb
Globe
Glob3Mobile

WebGL Earth2

VirtualGeo

OssimPlanet
Norkart Virtual
Globe
GeoBrowseB8D
World Wide
Telescope

*h1 {1 Q4

*Kaspersky
Cyberthreat
*Pokémon GO
*Science On a
SphereExplorer

Virtual Globe

Windows
Linux, Windows, Mac

Windows orMac

Crossplatform

Android, iOS, HTMLE
browsers

Android, iOS, HTMLE
browsers

Windows, Mac,
Linux, LTSHTML5
browsers

Windows Mac
Windows

Windows, Mac, Linux
Windows, HTML5

Windows, Mac,
Android, iOS
Any browser that
supports WebGL
iOS and Android
Windows, Mac

Operating System

Yes(For
Turkey)
Yes

(Imagery)
Yes

unknown

Yes (imagery
only by
default)

Yes
(basemaps)
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes(16
datasets in
Lite version,
100 in
Explorer)
Basemaps &
Data

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

Place

Yes
Yes

No

Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

No

No

Yes
Yes
(limited in
Lite
version)

3D

Yes
Yes

Yes

unknown

Yes

Yes

Yes

Yes
Yes

Yes
Yes

No
No

No

No (only
from
library
but not
in Lite)

Add Data

Yes Yes
No Yes
No No
unknown Yes
Yes Yes
No No
Yes Yes
No Yes
Yes Yes
Yes Yes
Yes No
(could be
added)
No Yes
Yes No
Yes No
Yes Yes
(satellite)

3D Terrain

Yes Yes

No No

No Yes
(placemark
only)

unknown = unknown

Yes No

No No

Yes Yes

Yes No

Yes No

Yes Yes

Yes Yes
(constelt
ation lines)

No No

No No

No No

Yes Yes

Distance  Annotate

Measure

Yes Yes

No No

Yes (for No

placemark)

unknown unknown

Yes No

Yes No

Yes Yes

Yes No

Yes No

Yes Yes

Yes (added No

data)

No No

No No

No No

No Yes
(graph)

Symbology Analysis
Control

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

No

No
No

Extensible

Search Navigation

Objects
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5 MAJOR CLOSED SOURCE PLATFORMS & ASSOCIATED VISUALISATION
APPLICATIONS

51 PLATFORM 1: GOOGLE EARTH

Google EartlfFigurel) released in 200by Googleis the most wetknownvirtual globe platform. It
is aclosedsource, complet@pplication targeted at end useendisfree (Google Earth Piie now
also fred. It is also a visualisation application as provides a range of data to theAdtarthe
download and installation cfoftware, a plugin, or the apftication, it can be used on desktop, web
or mobile.It enables users to add their own data lides not provide the ability to customise the
interface TheGoogle Earth ARVasdeprecated December 2014 and shut down by thd eh2016

The followingcapabilitiesare noted,;

1 Userfriendly

1 Up to date imagery and data

1 Alot of functionality including3D navigation, search, drawing and measuring, place marks
and tours, 3Derrain andbuildings, support for kml/kmz and gps datantaining
placemarks, vector data, raster overlays and 3D modidsvs of ocean, sky and planets,
ability to adjust sunlight, print, share, overview map, fly throughs, historical aerial
photography, street view, sketchup, lots of vector data availadyeamic imagery source
and date, dynamic coordinates and elevation at cursor, dynamic eye altitude
Ability to link to Google applications and accoyntithsgnAy |t f 26Ay 3 &l @3S 2F
Google Earth Pro haslvanced measuring and drawing toalsd theability to create movies
Imagery loads seamlessly
Available in 8 languages

=A =4 =4 4

The followindimitationsare noted;

Unknown msitional accuracy of imagery

Camot turn off imagery i.e. no other basemapsovided

Custom tilesetsand custom terrain datare difficult to add

Deprecation of Google Earth Enterpr{@®15)removes ability for organisations to host
private Google Earth layers

1 Symbology and labelling options are limited

=A =4 =4 4

Figurel: The Google Earth Globe
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https://www.google.com/earth/

5.1.1 Queensland (QLD) Globe / QLD G20 Globe

TheQLD Globeeleased in 2013ndthe QLD G20 Glob@o longer publicjeleased in 2014Figure

2) are Queensland (Australia) Governmerigualisation applicationsnplemented withinthe Google
Earthplatform, usng Google Earth Enterprise at the back end. Theyfrae public accesisiteractive
toolsallowing users to view and explore Queensland maps, imagery (includittgdgie satellite

images) and other spatial datihe data is packaged as KML that can be opened in Google Earth and
easily used on desktop, web or mobile. Downl@ad installation of the Google Earth software is
required.AsGoogle Earth Enterprisgasdeprecated as of March 20, 2015 and is aupported
throughto March 22, 2017thevisualisation applications will be movedttee ArcGIS Earth

platform.

The folbwingcapabilitiesare noted;
1 All the features of the free Google Earth application are available
9 Thecustomdata available within th€LD Glob&ML includes;
0 imagery (e.g. latest satellite or aerial)

0 places (e.g. population centre, suburb)

o0 boundaries (a. coastline, local government, electorate, postcode)

0 roads (e.g. arterial road, minor road)

o rail (e.g. railway line, railway station)

o0 transport (e.qg. ferry, mall, busway, path, track)

0 addresses

o land parcel (e.g. property boundary, property label)

o land pacel tenures (e.g. freehold, national park, state farassate land)
i The data available within theLD G20 GlobéMLrelates to 6 sectors

0 agriculture

0 construction

0 resources

o tourism

0 science and innovation

0 education and training
1 Releases and updates the QLD Globare regularly made

The followindimitationsare noted;
9 Same limitations as Google Earth

TS TR e
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https://www.dnrm.qld.gov.au/mapping-data/queensland-globe

5.2 PLATFORM 2: ARCGIS EARTH

ArcGIS Earthgure3) released in 2016y ESRprovides an alternative foGoogle Earth Enterprise
Clientusersafter its deprecationfor which supporendsMarch 2017 It is aclosedsource, complete

application targeted at end useand isfree. It is also a visualisation application as provides a range

of data to the user. After the download and ialation ofdesktopsoftware it enables users to add

their own data but does not provide the ability to customise the interfdicis. integrated with the

rest of the ArcGIS platform so users can access and share theifdatau L Qa 2 G KSNJ 05 LINE R
include;ArcGlobe (2003)hichis part of the ArcGIS 3D Analyst extensialfowing 3Dvisualization

of raster and feature date8D scene viewer (2014) which allows users to view, create and share 3D
scenesArcGIS Pro (2018)hich adds 8Dview to2DdesktopGIS, and CityEngi2@16which

enables creation of 3D city modelEhe below relate to ArcGIS Earth.

The followingcapabilitiesare noted,;

1 Userfriendly

1 FRunctionality inclugs 3D navigationterrain, ESRI basemaps, add data from ArcGIS Online,
Portal for ArcGIS, Living Atlas contesutpport for shp, kml/kmzsy, tpk, spk and WMS
drawing 3D measuringsearch, save image, email, print, view layer properties, dynamic
coordinatesat cursor, dynamic eye altitude

1 Integration of other ArcGl&pplcations with signin allowingaccess taiser content

1 Imagery loads seamlessly

The followindimitationsare noted;
1 Drawing symbology and name cannot be edited after placement, wméslogyof added
dataother than shapefilemust be set in external packages
1 3D buildings have to be added
1 Lightweight salrawingperformance suffers witharge amounts of data

ArcGIS Earth Sign in

eye alt 11,000,000.00m
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http://doc.arcgis.com/en/arcgis-earth/

5.3 PLATFORM 3: BING MAPS 3D

MicrosoftBingMaps3D (Figured) is confising as it wasneviously known akive Search Maps,

Windows Live Maps, Windows Live Local, and MSN Virtual. HKrh 6 A NRQ&a S&S A Yl ISNE
released in 2005, whillhe 3DMapsapplicationwasreleased in 206. There is a Bing Maps 3D

plugin available to enable the 3D option in Bing Maps however it seems this has been superseded by

the Windows 1@ 5Mald&application.lt is another closedsourcevirtual globe platfom. It is also a

visualisation application as provides some data to useisiding road and aerial basemapgh

terrain, streets, places of interesandtraffic. It is freeand has anAPIfor Windowsusersto addBing

Mapsaerial 3D and streetside imagento their services.

Thefollowing capabilitiesare noted,;

1 Up to date imagery and data

1 Road and aerial imagery basemaps are available

9 Functionality includes3D navigationdirections, search, print, shardrop pin,traffic,
streetside imageryintegratedWikipeda, TripAdvisoand other review site informatian
search nearbylocate me3Dbuildings tabs to keep open different map views

T {A3JYy Ay G2 I aAONRBaz2¥Fd I O0O02dzyi lfft2¢6a dzasS 27F
to 200 places

1 Imagery loads seamlessly

The following limitationsire noted;

Limitedvector data available

No ability for the user to import their owdata

No symbology options

No measure capability

3D building are not available in all areas

Streetside imagery not aitable everywhere

Moving between tabs can cause display issues

Accessing the 3D version of mgpather than the birds eye imagerigconfusing

= =4 =4 =4 -4 -8 -4 -9

- 8 x

Figure4: The Bing Maps 3D globe
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http://www.bing.com/maps/Help/VE3DInstall/

5.4 PLATFORM 4: WORLDVIEW

WorldViewconsists ofStudioand GallerycomponentgFigure5) developed by Canadian company
the PYXIS Innotian. WorldView Studio was released in April 2015 with the browser version re

released in July 2016l'he Studio is thelosed sourcelatform, requiring download and installation
or use within a web browseiThe Gallery is the online repository for pubdid datathat provides

the visualisationsUsing the Studio is free although requires an account. Up to 1GB of data can be

published to the Gallery for fre@he interface cabe somewhatcustomisedwith widgets.Theae is
an APlwhichis availabléy request to those committed to developing similar interfaces and

applicationsThe Open Geospatial Consortium is actively developing a standard for the digital spatial

reference systencalled a Discrete Global Grid Systersed in WorldView.

The followirg capabilitiesre noted;
1 Simple and user friendly
1 Functionality includes; 3D navigation, searalports raster, elevatiorandvectordata
types locate mezoom to,symbology control, attribute display, widgetglectionof
features, freehand areaspfygon areas t@alculatestatistics watershedcreation (requires
elevation data)

1 Eightmaths widgets to derive statistics about data via selections (Average, Sum, Min, Mix,

Count locations with same property, Count number of layer features within area, Area,
Distribution).

f  Import wide range of data formats whichara ¢ @S NII SR { Zorm#tD S 2 { 2 dzZNOS Q

=

Qreate themed visualisations (Maps
Discrete Global Grid Systeetains accuracy for all data at all scales

=

The followindimitationsare noted;

Data loadcan bevery slowfor some GeSources
Very Imited 3D symbology

No distance measure capability

No mobile application
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Figure5: The PYXIS WorldView Studieft) and Gallery (right)
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https://www.pyxisinnovation.com/

6 MAJOR OPEN SOURCE PLATFORMS & ASSOCIATED VISUALISATION
APPLICATIONS

6.1 PLATFORM 5: CESIUM

Cesium(Figure6) foundedin 2011 by Analytical Graphics Inc. in the, S JavaScript library for
creating 3D globes and 2D maps in a web browser without a plugin. IWesle&L(web graphics
library)for hardwareaccelerated graphics, and is crgdatform, crossbrowser, andaimed at
dynamicdata visuaBation. Cesium is opesource under the Apache 2.0 licersais free for
commercial and notommercial uselt is different from a 3D globe like Google BEabecause it is
not a completeapplication targeted at end userk requires programmingo useandhas a lot of
potential for customisation and user added conteAs it provides some base ddtausers it is also
classified as a visualisation application.

Thefollowing capabilitiesof Cesiurmare noted(as per the Cesium website);

1 API has 3 views; 3D, 2D & 2.5D

1 Create datadriven timedynamic scenes usi@ZML(Cesium language based on JSON)

1 Visualize highiesolution worldwideTerrainand add custom terrain data

1 Layer imagenyfrom multiple sources, including WMS, TMS, WMTS, OpenStreetMap, Bing
Maps, ArcGIS MapServer, Google Earth Enterprise, and standard image files

1 DrawGeoJSON and TopoJS@rw3D modelsising COLLADA and gITF withretions
and skins, draw and style a wide range of geometpesylines billboards labels

1 Draw and extrudgpolygons, polygons with holegectanglescircles andellipses
boxes spheresellipsoids andcylinders corridors polyline volumesandwalls

1 Draw the atmosphere, sun, sun lighting, moon, stars, and water

1 Cameranavigation with mouse and touch handlers for rotatepm, pan with inertia, flights,
free look, and terrain collision detection

i Batching, culling, and JavaScript and GPU optimizations for performance

9 Precision handling for large view distances (avoidifighting) and large world coordinates
(avoidingjitter)

9 Highprecision math and time for reference frames, projections and conversions

1 Widgetsavailable for a range of functionist{p://cesiumjs.org/features.htm)

9 Plugins for extra functionalityn{tp://cesiumjs.org/plugins/index.htn)l

The fdlowing limitationsare noted;
1 Coding in JavaScript and CZML required toGesaunsoit ismore difficult toimplement
thanif usinga compete globe.g. Google Earth

«
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http://cesiumjs.org/
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=CZML.html
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Terrain.html
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Imagery%20Layers.html
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=GeoJSON%20and%20TopoJSON.html
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=3D%20Models.html
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Polylines.html
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Billboards.html
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Labels.html
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Polygon.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Rectangle.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Circle.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Ellipse.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Box.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Sphere.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Ellipsoid.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Cylinder.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Corridor.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Polyline%20Volume.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Wall.html&label=Geometries
http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Camera.html
http://www.sjbaker.org/steve/omniv/love_your_z_buffer.html
http://blog.virtualglobebook.com/2010/11/vertex-transform-precision.html
http://cesiumjs.org/features.html
http://cesiumjs.org/plugins/index.html

6.1.1 Australian NationalMap

Geoscience Australia usgsium(along with TerriaJS) for théirationaMap visualisation application
(previouslyoperated by NICTANational Information Communications Technology Australta)
providesmap-based access to Australigovernment agencgpatial data Data is not stored in the
National Map; it is all accessed directly from each custodian governmentgagsing OG(Open
Geospatial Consortium) standardsis provides centralised access to mjutisdictional, multi
custodian authoritative datasets, with users also able to obtain information on how to download the
data and use it within other applicatis. The map is open source software developed by NICTA
working with the Commonwealth Department of Communications, Geoscience Australia and other
government agencies. NICTA added useful code back into the Cesuim database as a result of this
project. The nap is available to government, business and the public to facilitate the open data
initiative and support commercial and community innovation.

The following capabilitieare noted;
1 Aot of datasets provided as well as the ability to add data from a $gystéém or the web
1 Nine different basemaps provided
9 Functionality includes; 3D navigatioagends ssarch 3D and 2D viewgerrain data sharing
and embedding of maps

The followindimitationsare noted;
1 No symbology control
1 No analysis capabilities
1 No measuring oannotation

g NATONAL i

6.1.2 Bhuvan-3D
Bhuvan3D (Figure8) developed by the National Remote Sensing Centre in lied&virtual globe
visualisatiomapplicationfor India built using the Cesium ARtual globe platform TheCesium

versionof Bhuvanwas released in 2014t is free anctan beaccesed via web browsewith or
without a plugin

The followingcapabilitiesare noted,;

Good quality navigation, similar to Google Earth

Some3D building models available

Authoritative Indian satellite imaggrand roads basemaps are provided
Terrain dataand a terrain profile tool aravailable

Can create screen recordings

=A =4 =4 -4 4
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http://nationalmap.gov.au/
https://cesiumjs.org/demos/nationalmap.html
http://nationalmap.gov.au/
http://bhuvan.nrsc.gov.in/bhuvan_links.php

The followindimitationsare noted;
1 Indian imagery is not colour corrected/balanced
1 Only sixdatalayersavailablewith no legends
1 Layers draw in the order they are turned on, hence may obscure the labelling of any layer
turned on previously anthbels cannot be turned off
1 No featuresattribute information available
1 Some 3D Model bookmark zoom locations are not accurate and the mitaisn mid air
1 The help displays underneath the navigation panel and cannot be seen
1 Very slow to load initially and loadsponseon zoom is slow
T {ONBSYy NBO2NRAy3Ia OFyQld o6S al @SR G2 FAfS
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Figure8: The Bhuvan globe

6.1.3 QLD Cube Globe

The Cube Globg-igure9) released in 2014website now decommisshed), was ceveloped ina
partnership betweernthe QueenslandAustralig State Government Department of Natural
Resources and Mines, afieenslandJniversity ofTS O K y 2sflrgitdté fér Future Environments.
The Cubésone of the world's largest digitatteractive learning and display spagesnsising of 48
multi-touch screens two storeys higifhe Cube Globwas astate-of-the-art visualisation application
built onthe Cesiunplatform using thesame data as the G20 Glabe

The followingcapabilitiesare noted,;
1 Worldfirst spatial platform usingtate-of-the-art immersive visualisation, interactive maps,
animation and multimedia design
1 Tells compelling stories about QUBiIng the same data as the G20 Globe
1 Touch screen

The followindimitationsare noted;
 Same limitations as Cesium

2
.la'llllllllt‘

Figure9: The QLD Cube Globg
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https://www.dnrm.qld.gov.au/mapping-data/queensland-globe/globe-for-g20

6.2 PLATFORM 6: WORLD WIND

Similar to Cesium but developed by NASA, World kiglirel0) released in 2004s a JavaScript
software development kit (SDEhd APfor creating 3Dvirtual globesin a web browseor on a

mobile device It isfree, open sourcegrossplatform, and crossbrowser.World Wind allows
developers to quickly and easily create interactive visatdins of 3D globe, map and geographical
information. Again, i requires programmingo use but has a lot gfotential for customisation and

user added contentts capabilities seem very similar to Cesium and the advantages/disadvantages
of each are difficult to ampare without actually using the packag@swith Cesium, because

provides some base data, it is also classified as a visualisation application.

The bllowing capabilitiesire noted(as perthe World Windwebsite)

9 Adds 3D geographic visualization to any application

1 Runs on Windows, Mac OS X, Linux, iOS (partial) and Android (partial)

1 Runs in web pages in Java applets

1 Free runtime and development licese

1 Huge collection of highesolution imagery and terrain from NASA sery@tss déplays high
resolution imagery, terrain an@1S datdrom any openstandard public or private source

1 Openstandard interfaces to GIS services and databases

9 Large collectiomf geometric and geographs&hapes

1 Simple to extend and modify, designed to be extensible

I Uses Java and OpenGL

1 Point, Path, Polygon, Curtaiextruded Polygon, Ellipsoid, Sphere, Cylinder, Cone, Pyramid,
Box, Airspace®ath, Polygons, Ellipse, Circlrjadrilateral, Reengle, Square, Text, Image

1 Annotation: Text, Text Balloon, HTML5 waowser Balloon, Image, Icons

9 Placenames, Political boundaries

f Hop5 acCflid DfE20Sé€ GAGK GSNNIAY

1 Navigation and Viewing: Orbit View, First Person, Stereo, applieddifimed

1 Multiple World Wind windows

1 Many imagery and vector formats

1 Coordinate Systems: Lat/Lon, UTM, MGR&ums: WGS84, NAD27 and many others

The followindimitationsare noted;
1 Built in layer management is not ideal
1 The WMS plugihas limitedsupportfor current WMS standards
1 Coding in JavaScrifgtrequired to use thesDK and\PI so more difficult to build thahusing
a compete globe e.g. Google Earth
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http://worldwind.arc.nasa.gov/java/

6.2.1 3D Data Viewer
Geoscience Australia used World Wind to develop their 3D Data Vigsuglisation application

(Figurell) which allows users to compare national datasets over 3D terrain data. The Java Runtime
Environment is required to launch the application.

The following capabilitieare noted,;

1 Available national datasets are Radiometric Map of Australia, Gravity Anomaly Map of the
Australian Region, Magnetic Anomaly Map of Australia, Surfglated Uranium, Terrain
interpretations, National ASTER geoscience maps

1 Global datasets include imagemarthquakes, volcanoes, place names, coastlines and
country borders

1 Functionality includes; 3D navigation, search, terrain datatjcal exaggeration, save
screenshots, add data from the web, and work offline

The followindimitationsare noted;
1 No symlmlogy control
1 No analysis capabilities
1 No measuring oannotation
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http://www.ga.gov.au/data-pubs/interactive-3d-models/world-wind-3d-data-viewer




























