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Eonfusion:  Technology Overview 

Introduction 

Eonfusion combines a visionary approach to data handling, powerful processing capability and cutting-

edge graphics technology. The result is a unique software package that takes data exploration, analysis 

and visualization to a new level. In this paper we explore the details behind the features that make 

Eonfusion a vital addition to your software tool set. 

9ƻƴŦǳǎƛƻƴΩǎ data flow environment 

¢ƘŜ άŘŀǘŀ Ŧƭƻǿέ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ 9ƻƴŦǳǎƛƻƴ Ŧƻƭƭƻǿǎ ŀ ǎƛƳǇƭŜ ȅŜǘ ǇƻǿŜǊŦǳƭ ǇŀǊŀŘƛƎƳΦ 5ŀǘŀ ƛǎ ƻōǘŀƛƴŜŘ 

from Sources, processed by Operators, and explored in Views. Processed data can also be written to files 

using data Sinks. At each step there 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 model for illustrating the 

connection of objects and the flow of data. 

 

Figure 1. Eonfusion's data flow environment. Data source objects are colored blue, operator objects green and view 
objects orange. Colored outlines indicate the processing status of the objects. άtƛǇŜέ ƭƛƴƪǎ ŎƻƴƴŜŎǘ ǘƘŜ ƻōƧŜŎǘǎΦ 

Data sources in Eonfusion are generic objects that act as an introduction point for data in the data flow. 

The available data sources can read data from files, generate data, connect to a database or act as a link 

to a web-based data provider. The generic underlying architecture is extremely flexible and in future will 
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also allow Eonfusion to connect to other instances of Eonfusion ς either local or globally distributed ς 

via source and sink objects. This ability is under consideration for future releases. 

A range of Operators is available for processing or modifying data. Data is input to an operator using 

άǇƛǇŜέ ƭƛƴƪǎ όsee Figure 1). Creating a pipe is as simple as clicking and dragging a line between the two 

data flow objects.  Operators and combinations of operators provide a wide range of options for 

processing data, including: filtering, attribute transfer, aggregation, modification and data fusion. 

Complex and otherwise very difficult processes can be implemented by piping the original data through 

a sequence of operators. The visual environment makes it easy to review the resulting data structures 

and values at any point in the operator chain to ensure that each successive operator is having the 

desired effect. 

The main view in Eonfusion is the four-dimensional Scene view. Scene views can accept any number of 

Řŀǘŀ ƛƴǇǳǘǎΣ ŀƴŘ ǘƘŜ {ŎŜƴŜ ǇǊƻǾƛŘŜǎ άǾƛǎǳŀƭƛȊŜǊǎέ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ǘƻ Ǿƛǎǳŀƭƭȅ ƛƴǘŜǊǇǊŜǘ ǘƘŜ ƛƴŎƻƳƛƴƎ Řŀǘŀ ƛƴ 

a variety of ways. Other views include tables, graphs, data structure views and dataflow views that 

provide the ability to nest data flows within other data flows. 

 

Figure 2. Eonfusion user interface showing (clockwise from lower left) a dataflow view, a scene view, a data 
structure view, a table view and a graph view. 

The data flow environment is the processing heart of the software, but makes up just one part of 

9ƻƴŦǳǎƛƻƴΩǎ ƛƴǘŜǊŦŀŎŜΦ ¢ƘŜ ƛƴǘŜǊŦŀŎŜ ƛƴ ƎŜƴŜǊŀƭ ŜȄƘƛōƛǘǎ ŀ ǳƴƛǉǳŜ ŀƴŘ ŜǊƎƻƴƻƳƛŎ ŀǇǇroach to useability 

design: there are none of the traditional top-row menus and the interface is driven primarily by context 

(right-click) menu commands. Windows can be very flexibly organized and positioned using a 

combination of floating, docked and/or tabbed 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 data processing engine that underpins all aspects of Eonfusion. 

A key benefit of the data flow model is that the original data are never modified ς it is literally 

impossible to corrupt or overwrite the data sources. Operators act like layers over the original data and 

the data is processed efficiently through the various layers. 

The data flow environment also includes an integrated metadata engine that allows specification of 

metadata: input parsing structures, data storage types, units, projections and output formatting 

structures. This enables Eonfusion to make implicit conversions where necessary without user 

intervention. For example, spatial data will be converted to a new projection automatically if it is piped 

into a scene that has a 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 smooth user experience; demand paging, 

which means that computation is performed only on demand; persistent caching of results to ensure 

that redundant reprocessing is avoided; and a custom-built memory management system that yields 

performance benefits, robustness and an outstanding ability to handle large data sets.  

Multidimensional data model 

9ƻƴŦǳǎƛƻƴΩǎ Řŀǘŀ ƳƻŘŜƭ ƛǎ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ŀƴŘ ƘƛƎƘƭȅ ƎŜƴŜǊŀƭƛȊŜŘ ς two features that, when combined, 

provide great power and flexibility. The key to both features is the allowance for any number of vertex 

attributes and the flexible specification ƻŦ ǾŜǊǘŜȄ άǎǇŀŎŜǎέ ŦƻǊ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŀƴŘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ 

operations. 

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

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

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

any number of vertex attributes. The capacity for four-dimensional analysis and visualization is a key 

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 

άǎǘŀƴŘŀǊŘέ · ŀƴŘ ¸ ŎƻƻǊŘƛƴŀǘŜǎΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŀǘΣ ƴƻƴ-time-varying vertex attributes can also be 

interchanged seamlessly with the time-varying vertex attributes. 

Consider for example a two-dimensional land surface in three dimensions, with a corresponding time-

ǾŀǊȅƛƴƎ ǊŀƛƴŦŀƭƭ Řŀǘŀ ƭŀȅŜǊΦ 9ƻƴŦǳǎƛƻƴΩǎ ǎǘŀƴŘŀǊŘ ŦŜŀǘǳǊŜǎ enable fast and efficient visualization of the 

corresponding spatial surface by coloring the surface based on the rainfall attribute and viewing the 

surface as it changes through time.  

However Eonfusion also provides the ability to triangulate a surface in elevation and slope coordinates 

(or any other vertex attributes) and view a time-animated three-dimensional surface in elevation-slope-

ǊŀƛƴŦŀƭƭ ǎǇŀŎŜΦ !ƭƭ ƻŦ 9ƻƴŦǳǎƛƻƴΩǎ ƻǇŜǊŀǘƻǊǎ ŀƴŘ ǾƛǎǳŀƭƛȊŜǊǎ ŀǊŜ ƎŜƴŜǊŀƭƛȊŜŘ ƛƴ ǘƘƛǎ ǿŀȅΣ ǇǊƻǾƛŘƛƴƎ ŜȄŎŜƭƭŜƴǘ 
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support for traditional visualizations along with the ability to explore and communicate data in 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 individual features within raster data are hidden in the majority of 

software and calculated invisibly and only on demand. Eonfusion presents raster vertex attributes and 

makes them available for querying and modification. This enables seamless repositioning and 

reprojection of 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, which is generally defined as the act of bringing 

data from disparate sources in disparate formats together harmoniously in such a way that those data 

and the inter-relations between those data are accessible for visualization and analysis in the one scene 

(or structure). All of these activities are supported in Eonfusion via data flow operators or via the use of 

άǇǊƻōŜέ ŘŜǾƛŎŜǎ ƛƴ ǘƘŜ {ŎŜƴŜ ǾƛŜǿΦ 

 

Figure 3. Attribute transfer from a raster sea surface temperature data set to a vector drifter buoy data set. The transfer is 
conducted in X, Y and Time via a single-step operation. 



 

Eonfusion Technical White Paper 8 September 2009 Page 5 

Attribute transfer is handled in a number of ways. Firstly, an operator is provided for the transfer of 

attributes from raster to vector data sets in one, two, three or four dimensions. Attributes from a time-

series of 3D raster data can be transferred to a point moving in three dimensions. Further, the transfer 

of attributes from raster to vector data is scale-independent and requires no resampling or gridding of 

the vector data. Figure 3 above shows an example of attribute transfer from a time-varying 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 from two- and one-

dimensional spatial features onto their vertex sets for processing or analysis. 

Finally, Eonfusion provides attribute transfer between vector data sets ōȅ ǘƘŜ ǳǎŜ ƻŦ ŀ ƎŜƴŜǊƛŎ ά/ƻǇȅ 

ŀǘǘǊƛōǳǘŜǎέ ƻǇŜǊŀǘƻǊΦ ¢Ƙƛǎ ƻǇŜǊŀǘƻǊ ǳǎŜǎ ƭƛƴƪǎ ōŜǘǿŜŜƴ ǾŜŎǘƻǊ Řŀǘŀ ǎŜǘǎ ǘƻ ǘǊŀƴǎŦŜǊ ŀǘǘǊƛōǳǘŜǎ ŦǊƻƳ ƻƴŜ 

data set to another. These links are created by a range of operators, based on the geometric coincidence 

or proximity of the items in the data set. The availability of these links for attribute transfer and analysis 

ƛǎ ƻƴŜ ƻŦ 9ƻƴŦǳǎƛƻƴΩǎ Ƴƻǎǘ ǇƻǿŜǊŦǳƭ ŦŜŀǘǳǊŜǎΦ 

¢ƘŜ άCǳǎŜ ±ŜŎǘƻǊǎέ ƻǇŜǊŀǘƻǊ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŎƻǊƴŜǊǎǘƻƴŜǎ ƻŦ 9ƻƴŦǳǎƛƻƴΩǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅΦ Lƴ ŎƻƴŎƛǎŜ ǘŜǊƳǎ ƛǘ 

generates an 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 order to transfer 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 also be used 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 not one-to-one, link operations such as 

First, Last, Sum, Average, Minimum and Maximum are provided. 

Consider the example where two two-dimensional 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 new superset 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 of the input triangles 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 many-to-one relationship between triangle primitives in 

the fused triangle set and 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 dataset ς in 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 errors that plague 

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 functionality is the combination of 

media data ǿƛǘƘ ŀ ά±ŀƭǳŜ ǇǊƻōŜέ όǎŜŜ CƛƎǳǊŜ п below). A media data source reads files in standard media 

formats and combines them with vector data. The value probe then allows a probe device to be 

attached to the vector data in the 4D Scene view. 

 

Figure 4. An example of mapping media onto vector data. The track shown in purple and black represents the path of a 
video-equipped ROV over a bathymetric surface colored by rugosity. The value probe device allows the user to synchronize 
the video with the track position. 

The probe can be manipulated by the user by simply moving it in space. It is configured to extract (or 

άǇǊƻōŜέύ ŀ ǎǇŜŎƛŦƛŎ ŀǘǘǊƛōǳǘŜ ƻŦ ǘƘŜ ǾŜŎǘƻǊ Řŀǘŀ ǘƻ ǿƘƛŎƘ ƛǘ is attached. In the case where the probed 

attribute is time, the probed time value can be used to control a media view. A common example is the 

synchronization of video media with a vector track that represents the 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 
9ƻƴŦǳǎƛƻƴΩǎ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ŜƴǾƛǊƻƴƳŜƴǘ ŎƻƳōƛƴŜǎ ŀŘǾŀƴŎŜŘ ƎǊŀǇƘƛŎǎ ǘŜŎƘƴƻƭƻƎȅ ǿƛǘƘ ŀƴ ƛƴterface that 

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 assign άǾƛǎǳŀƭƛȊŜǊǎέ ǘƻ ǎǇŜŎƛŦƛŎ ǎǇŀǘƛŀƭ groups. The 

choice of visualizers depends on the type of data that is being viewed, and all visualizers are displayed 

simultaneously in the same four-dimensional view (a sliding time control supplies the fourth dimension). 

¢ƘŜ ƪŜȅ ǘƻ 9ƻƴŦǳǎƛƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ǾƛǎǳŀƭƛȊŜ ƭŀǊƎŜ Řŀǘŀ ǎŜǘǎ ƛǎ ǘƘŜ ǳǎŜ ƻŦ ƎǊŀǇƘƛŎǎ ŎŀǊŘ ǘŜŎƘƴƻƭƻƎȅ ǘƻ 

alleviate the load on the main processor. This is achieved by loading custom rendering code onto the 

graphics hardware for highly efficient parallel execution of point data rendering. It also enables the use 

of advanced level-of-detail routines that increase the ability to view and render large raster files.  

 

Figure 5. Data visualization in Eonfusion's 4D Scene view environment. 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 feature groups, and the rendered results are seen at right. 

These technologies are specifically designed to render lush visual environments, meaning that the data 

is presented in a highly impactful way. Often the ability to explore the data is just as important as the 

ability to present it. The Scene view is fully navigable and the high level of graphics processing efficiency 

ƳŀƪŜǎ ŦƻǊ ŀ ǎƳƻƻǘƘ ƴŀǾƛƎŀǘƛƻƴ ŜȄǇŜǊƛŜƴŎŜΦ ¢ƘŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ άǾƛǎǳŀƭƛȊŜǊέ ŀǇǇǊƻŀŎƘ ŀƭǎƻ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ 

underlying data is available for query ς in this sense the 4D scene is a highly advanced graph. 

 


