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make a video clip/ live intro
- unity editor, create a CSV datasource
- create a couple of visualisations
- go in VR, interact … brush…
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• Mini intro to imaxes



Axes as embodied* affordances**

* Dourish, P. (2004)
** DA Norman (2002)



Axes as embodied* affordances**

* Dourish, P. (2004)
** DA Norman (2002)





ImAxes design
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spatial grammar



• direction, orthogonal, parallel, contact
• S1,S2,S3
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histogram 22



232D scatterplot



243D scatterplot



25scatterplot matrix



26parallel coordinated plot



272D linked scatterplots



emerging visualisations
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links to 3D scatterplot







distortion
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https://github.com/MaximeCordeil/ImAxes



FibreClay – Immersive 3D curves exploration 
Hurter, Riche, Drucker, Cordeil, Alligier, Vuillemot
IEEE InfoVis (TVCG) 19



VIS library for immersive dev?

• No library readily available for InfoVis/VA in AR/VR
• Need for support of real dataset (i.e. support potential large 

datasets)
• Support standard VIS interactions/tasks (filtering, brushing, 

selection…)
• Default approach: instantiate GameObjects with default primitives… 

performance issues…



D³ data-driven documents, M Bostock, V Ogievetsky, J Heer
VIS 2011



IATK

D³ data-driven documents, M Bostock, V Ogievetsky, J Heer
VIS 2011



IATK design



+ expressiveness



expressiveness: grammar of graphics

The grammar of Graphics, Wilkinson, 2005

- View Frames
- Visual encodings
- Visual linking



+ expressiveness
+ simple authoring



simple authoring: GUI



simple authoring: API



simple authoring: API



simple authoring: API



+ expressiveness
+ simple authoring
+ interaction



details on 
demand



filtering



[place holder, brushing and linking snippet]
brushing and linking



+ expressiveness
+ simple authoring
+ interaction
+ scalability



scalability



use case examples



multivariate visualisation in VR



video



video

AR desktop for geoviz



Demo accordion
emerging interactions



Simple Interaction



• Attach a visualisation to a controller



MapBox integration





• Visualise geo data
• Bike path boston -> build the visu
• Add a Map Visualisation IATK component
• Make sure X,Z (planar) dimensions correspond to lat/lon
• Drag and drop:

• The visualisation reference
• The datasource reference



Linked visualisations





[IATK] Linked Visualisation component

Edit > Project Settings > Script Execution Order



make a simple script that links the visualisations when they are below a 
certain distance d.

Activity 5: Linked visualisations

d



Activity 6: Attribute Animation

write a custom MonoBehaviour
script to control a Visualisation component



Brushing and linking



[IATK] Brushing And Linking component
brushing visualisation brushed visualisation

Brushed Linking Visualisation



Demo: brushing 1M points

Dataset from Hurter, Christophe, Benjamin Tissoires, and Stéphane Conversy. "FromDaDy: Spreading data across views to support iterative exploration of aircraft 
trajectories." IEEE TVCG 15.6 (2009): 1017-1024.



[IATK] core code



In this section, you’ll...

Learn the underlying architecture of IATK
Build a scatterplot visualisation using code
Facet data and build multiple views
Create a novel accordian interaction



Architecture

Visualisation

Axis
Views

Views

View Builder



[IATK] ViewBuilder.cs and View.cs

- ViewBuilder.cs: fluent interface design pattern (d3-
like)

- Chain design commands

C# LINQ facility
- transform input data (e.g. on dimensions, sizes …)
- map data to colours
- map data to categories
- filters, set operations

object.DoSomething().

DoSomething2().

DoSomething3();



// Use Unity Test assets to import text data (e.g. csv, tsv etc.)
public TextAsset uberData;
CSVDataSource csvdata;
csvdata = createCSVDataSource(uberData.text);

CSVDataSource createCSVDataSource(string data)
{

CSVDataSource dataSource = gameObject.AddComponent<CSVDataSource>();
dataSource.load(data, null);
return dataSource;

}

CSVDatasource - code snippet



ViewBuilder - structure

// create a view builder with the point topology
ViewBuilder vb = new ViewBuilder (a topology, a name).

initialiseDataView(number of points).
setDataDimension(data array  x, ViewBuilder.VIEW_DIMENSION.X).
setDataDimension(data array y, ViewBuilder.VIEW_DIMENSION.Y).
setDataDimension(data array z, ViewBuilder.VIEW_DIMENSION.Z).
setSize(data array size).

setColors(data array color);



ViewBuilder - basic code snippet (points)

// create a view builder with the point topology
ViewBuilder vb = new ViewBuilder (MeshTopology.Points, "Uber pick up point visualisation").

initialiseDataView(csvds.DataCount).
setDataDimension(csvds["Lat"].Data, ViewBuilder.VIEW_DIMENSION.X).
setDataDimension(csvds["Base"].Data, ViewBuilder.VIEW_DIMENSION.Y).
setSize(csvds["Base"].Data).

setColors(csvds["Time"].Data.Select(x => g.Evaluate(x)).ToArray());

// create a view builder with the point topology
View view = vb.updateView().apply(gameObject, mt);



ViewBuilder - basic code snippet (points)

// create a view builder with the point topology
ViewBuilder vb = new ViewBuilder (MeshTopology.Points, "Uber pick up point visualisation").

initialiseDataView(csvds.DataCount).
setDataDimension(csvds["Lat"].Data, ViewBuilder.VIEW_DIMENSION.X).
setDataDimension(csvds["Base"].Data, ViewBuilder.VIEW_DIMENSION.Y).
setDataDimension(csvds["Lon"].Data, ViewBuilder.VIEW_DIMENSION.Z).
setSize(csvds["Base"].Data).

setColors(csvds["Time"].Data.Select(x => g.Evaluate(x)).ToArray());

// create a view builder with the point topology
View view = vb.updateView().apply(gameObject, mt);



ViewBuilder - basic code snippet (line chart)

// create a view builder with the point topology
ViewBuilder vb = new ViewBuilder(MeshTopology.Lines, "Uber pick up point visualisation").
initialiseDataView(csvds.DataCount).
setDataDimension(csvds["stock"].Data, ViewBuilder.VIEW_DIMENSION.X).
setDataDimension(csvds["date"].Data, ViewBuilder.VIEW_DIMENSION.Y).
setDataDimension(csvds["open"].Data, ViewBuilder.VIEW_DIMENSION.Z).
setSize(csvds["volume"].Data).
setColors(csvds["volume"].Data.Select(x => g.Evaluate(x)).ToArray()).
createIndicesLinkedTopology(csvds["stock"].Data);
// create a view builder with the point topology
Material mt = IATKUtil.GetMaterialFromTopology(AbstractVisualisation.GeometryType.Lines);
mt.SetFloat("_MinSize", 0.01f);
mt.SetFloat("_MaxSize", 0.05f);
View view = vb.updateView().apply(gameObject, mt);



ViewBuilder - filtering with Linq

// use delegate to filter data
delegate float[] Filter(float[] ar, CSVDataSource csvds, string fiteredValue, string filteringAttribute);

// filters the array on a particular value in another dimension
Filter baseFilter = (array, datasource, value, dimension) =>
{

return array.Select((b, i) => new { index = i, _base = b })
.Where(b => datasource.getOriginalValuePrecise(csvds[dimension].Data[b.index],dimension).ToString() == value)
.Select(b => b._base).ToArray();

};



ViewBuilder - apply filter

var xData = baseFilter(csvds["Lat"].Data,csvds, _fv);
var yData = baseFilter(csvds["Lon"].Data, csvds, _fv);
var zData = baseFilter(csvds["Base"].Data, csvds, _fv);

ViewBuilder vb = new ViewBuilder(MeshTopology.Points, "Uber pick up point visualisation").
initialiseDataView(xData.Length).
setDataDimension(xData, ViewBuilder.VIEW_DIMENSION.X).
setDataDimension(yData, ViewBuilder.VIEW_DIMENSION.Y).
setDataDimension(zData, ViewBuilder.VIEW_DIMENSION.Z).
setSize(baseFilter(csvds["Date"].Data,csvds, _fv)).
setColors(xData.Select(x => color).ToArray());



Activity - faceting

- use filters to create faceted data
- control faceted objects positions 



Activity - accordion faceting!



Built with IATK



ACM CHI 2020





Fiesta

IEEE VIS 2020
https://github.com/benjaminchlee/FIESTA





Immersive Small Multiples

IEEE VR2020
https://github.com/JiazhouLiu/ImmersiveSmallMultiples



ACM CHI 2019



Take aways

• IATK scales with the number of points to visualise
• Be considerate of the number of visualisations

• Use 3rd party Python, R, Excel to clean, order and transform your data 
to make them ready to visualise in IATK

• IATK is a toolkit – designed to integrate with other packages (e.g. 
VRTK, MapBox)

• Open source project!



Thank you

github.com/MaximeCordeil/IATK
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