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Eonfusion: Technology Overview

Introduction

Eonfusion combines a visionary approach to data handtiowgerful processing capability and cutting
edge graphics technology. The resulaignique software package that takes data exploration, analysis
and visualization to a new level. In this paper we explore the details behind the fedhatemake
Eonfusiora vital addition to yoursoftware tool set.
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from Sources, processed by Operators, and explored in Views. Processed data can also be written to files
using data Sinks. At each stiyere is a range of options available, yielding a wide range of possible
methodologies that are all easily constructed by combining the appropriate objects. The data flow
environment enhances this process by providing a simple and intuitive visual modilidtrating the
connection of objects and the flow of data.
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Figurel. Eonfusion's data flow environment. Datsourceobjectsare cdored blue, operator objectsgreen andview
objectsorange. Colored outlines indicate the processisgtus of the objectsd t A LIS¢ f Ayl a O2yySOiG GKS

Data sources in Eonfusion are generic objects that act as an introduction point fondhe data flow.
The available data sourcesnread data from filesgenerate dataconnectto a database oact asa link
to a webbaseddata provider.The generic underlying architecture is extremely flexible iarfdture will
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also allow Eonfusion to connect to other instances of Eonfusieither local or globally distributed
via source and sink objectBhis ability isinder consideratiorfior future releases.

A range of Operators gvailable for processing or modifying data. Data is input to an operator using
& LIA LIS &seeFidung 1)aCredting a pipe is as simple as clicking and dragging a lineméheewo

data flow objects. Operators and combinations of operators provide a wide rahggtions for
processing dataincluding filtering, attribute transfer, aggregation, modificatioand data fusion.
Complex and otherwise very difficultqresses can be implemented piping the original data through

a sequence of operators. The visual environment makes it easy to réwéemsulting data structures
and values at any point in the operator chain to ensure that each successive operdtaving the
desired effect.

The mainview in Eorfusion is the foudimensionalSceneview. Scene views can accept any number of

RFGlI AyLdzias FyR GKS {OSyS LINPOARSA adAradz £ AT SNE €
a variety of waysOther views include tables, graphslata structure views andlataflow views that

provide theability to nest data flowswithin other data flows
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Figure2. Eonfusion user interface showin@lockwise from lower left) alataflow view, a scene view, adata
structure view, atable view and agraph view.

The data flow environment is the processing heart of the software, but makes up just one part of
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design: there are none of the traditional tepw menus and the interface is driven primarily by context
(rightclick) menu commands. Windows can be very flexibly organized and positioned using a
combination of floating, docked and/orabbed windows. This allows a high level of customization

without an overburdening of settings.
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The data flow model

The data flow model underlies the data flow environment, providing the data structures that mirror the
visual interface as well as the dateopessing engine that underpins all aspects of Eonfusion.

A key benefit of the data flow mode$ that the original data are never modifiedit is literally
impossible to corrupt or overwrite the data sources. Operatact likelayers over the original datand
the data is processed efficiently through the varidaygers

The data flow environment also includes an integrated metadata engine that allows specification of
metadata input pasing structurs, data storage types, units, projections and output formatting
structures. This enables Eonfusion to make implicit conversions where necessary witisent
intervention. For examplespatial datawill be converted tca newprojection automaticallyif it is piped

into ascenethat hasa different geographic projection

Further key features of the data flow model are: multithreading, which makes for very efficient use of
multi-cored processors for computation and yields a relatively smoe#rexperience; demand paging,
which means that computation is performed ordy demand; persistent caching of results to ensure
that redundant reprocessing is avoided; and a custmsit memory management system that yields
performance benefits, robustness and an outstanding ability to handle large data sets.

Multidimensional data model
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provide great power and flexibility. The key to both features is the allowance for any number of vertex
attributes and the flexible specificatog ¥ GSNISE G &LJ OS&¢é¢ TF2NJ GAadz €A
operations.

In general, spatial software allovisatures to be defined by in most cases two, in some cases three and

in very rare cases four vertex attributes (coordinates). However, thaséwtes are universally tied to

the spatial dimensions and in the four-dimensional case the temporal dimension. Eonfusion allows

any number of vertex attributes. The capacity for falimensional analysis and visualizatioraikey

feature because the third spatial dimension and time components are seamlessly incorporated as
independent vertex attributes that can be filtered, analysed and processed in the same way as the
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interchanged seamlessly with thiene-varying vertex attributes

Consider for example a twdimensional land surface in three dimensions, with a corresponding-time
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corresponding spatial stace by coloring the surfaceased onthe rainfall attribute and viewing the

surface as it changes through time.

However Eonfusion also provides the ability to triangulate a surface iat@avand slope coordinates
(or any other vertex attributes) and view a tira@imated threedimensional surface in elevatiesiope
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support for traditional visualizations along with the ability to explore and communicate data iR non
geographic spaces.

Another key Eonfusion feature is the explicit treatment of the vertex attributes of data that is stored in
raster format. The coordinates of individufglatures within raster data are hidden in the majgriof
software and calculatedhvisibly and onlyon demand.Eonfusion presents raster vertex attributes and
makes them available for querying and modification. This enables seamless repositioning and
reprojection d raster data. Smart processing beneath the visible surface ensures that the performance
advantages of raster data are retained wherever possible.

Data fusion

Eonfusion provides multiple avenues for data fusion, wigchenerally defined as the act bfinging

data from disparate sources in disparate formats together harmonidnstyich a way that those data

and the interrelations between those data are accessible for visualization and analysis in the one scene
(or structure).All ofthese activities are supptad in Eonfusion via data floaperators or via the use of
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Figure3. Attribute transfer from a raster sea surface temperature data geta vector drifter buoy data set. The transfer is
conducted in X, Y and Timea a singlestep operation.
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Attribute transfer is handled in a number of ways. Firstly, an operator is provided for the transfer of
attributes from raster to vectodata sets irone, two, three or four dimensionsAttributes from a time
series of3Draster data can be transferred to a point movinghnee dimensions. Further, the transfer

of attributes from raster to vector data is scatelependent and redines no resampling or gridding of

the vector data.Figure 3above showsan example of attribute transfer from a tiraearying 2D raster
onto a vector track.

Another operator provides the ability to transfer attributes from a vector spatial feature of any
dimension onto its vertices. This effectively enables a migration of attribute values froraheloone
dimensional spatial features onto their vertex sets for processing or analysis.

Finally, Eonfusion provides attribute transfer between vector data ées (1 KS dzaS 2F | 3ASy
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data set to another. These links ameated by a range of operatordsased on thegeometriccoincidence

or proximity of he items in the data set. The availability of these links for attribute transfer and analysis
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generates a intersected superset of its inputs by recognising the coincidence of their primitive
components. It also creates links from the fused superset back to the corresponding coincident
elements in the input datasets. These links can then be traversed in tordemsfer attributes between

the input datasets and the fused superset.

Links are bidirectional, which means that attributes can be transferred via the links from the input data
sets to the fused data set, or vice versa. Links can alssédx sequentially, which means that attributes
can be transferred from one input dataset to the other input dataset by traversing the fused data set.
Because the relationships between linked items are generally nott@ome, link operations such as
First Last, Sum, Average, Minimum and Maximum are provided.

Consider the example where two tawdimensional surfaces are being fused in two dimensions. The
surfaces are defined by sets of triangle primitives that are in turn defined by their vertices. The fusion
operation creates a newugperset of vertices by combining the input vertex sets and by analysing the
intersections between the overlapping triangle primitives. The vertex superset contains more than the
sum of its parts, because new vertices are created wherever the edges opilietiiangles intersect.

The new vertex superset is then triangulated to produce the superset of triangle primitives. Due to the
nature of their creation, there is a guaranteed méaoyone relationship between triangle primitives in
the fused triangle geand the original input triangle primitives.

Each of the new triangles is accompanied by a link to the triangle primitives in each of the input data
sets with which it is spatially coincident. Similarly, vertices in the fused superset are accompanied by
links to the corresponding vertex in the input datageh the cases where they exist.
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The generality of this implementation provides wide scope for attribute transfer and fusion of data sets.
The underlying fusion engine is highly optimized and robust against the precision erronslabae
other algorithms which try to achieve the same goals.

Another incarnation of data fusion is the ability to dynamically query a dataset for values that can then
be utilized by another operation within Eonfusion. An example of this functionalitgisdmbination of
mediadatag A 0 K | &+ f dzS béuR)oASnédiadata SdhircaeadsildzaNdSstandard media
formats and combines them with vector data. The value probe then allows a probe device to be
attachedto the vector data in the 4D Scene view.
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Figured. An example of mapping media onto vector data. The track showpumnple and blackepresents the path of a
video-equipped ROV over a bathymetric surface colored by rugosity. Vaee probe device allows the user to synchronize
the video with the track position.

The probe can be manipulated by theendy simply moving it in spack is configured toextract (or
GLIN2® Sl aLISOAFAO I GG N o dziiSattafed. (nkhS cageSvhdie2tidd preded |
attribute is time, the probed time value cde used to control a media viewh common example is the
synchronization of video media wita vector track that representshe path of the video camera in
space and time. The probe can be moved in space with immediate synchronization in time of the
corresponding video data.
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Data visualization
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enables relatively easy construction of an immersive and navigable world.

Similar to the data flow environment, visualization setup is handled via a highly intuitive interface. Data

is piped into a Scene view, within which the user can assighA a dzI £ A T S N& égroip® The LISOA F A
choice of visualizers depends on the type of data that is being viewed, and all visualizers are displayed
simultaneously in the samfeur-dimensional viewasliding time control supplies the fourth dimensjon
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alleviate the load on the main processor. This is achieved by loading custom rendering codkeonto t
graphics hardware for highbfficient parallel exeation of point data rendering. It also enables the use

of advanced levebf-detail routines thatincrease the ability to view and render large raster files.

Figureb. Data visualization in Eonfusion's 4D Scene vienvironment. Multiple data sets are input to the scene, and
visualizers are used to visually interpret the data. The data in the scene is represented in the contents pane at the left of
screen. Visualizers are attached to specific spatial featgreups and the rendered results are seen at right.

Thesetechnologdes are specifically designed to render lush visual environmemésaring that the data

is presented in a highly impactful wa@ftenthe ability to explorethe datais just asimportant as the

ability to presentt. The Scene view is fully navigable and the high level of graphics processing efficiency
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underlying data is available for quegyn this sense th 4D scene is a highly advanced graph.
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