Angular Brushing of Extended Parallel Coordinates

Helwig Hausey FlorianLedermann,andHelmutDoleisch
Hauser @/RVi s. at, fl o@ubnet. at, andDol ei sch@RVi s. at

VRVis ResearcltCenterin Vienna,Austria,ht t p: / / www. VRVi s. at/ vi s/

Abstract

In this paperwe presentangularbrushingfor parallel co-
ordinates(PC) as a hew approach to highlighting rational
data-pioperties,i.e., featules which — in a non-sepaable
way—dependntwo datadimensions\We alsodemonstate
smoothbrushingas an intuitive tool for specifyingnon-
binary degree-of-inteestfunctions(for focus+contat visu-
alization). We also briefly describeour implementatioras
well asits applicationto thevisualizationof CFD data.
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brushing linear correlations,focus+contat visualization

1. Intr oduction

For mary yearsnow, parallelcoordinategPC)[6, 5] have
beenwell-known and an often usedtechniquein informa-
tion visualization (InfoViz). Multi-dimensional data-sets
are visualized by drawing one poly-line for every data-
point acrosscoordinateaxeswhich arelaid outin parallel,
side-by-side. The poly-lines intersectthe coordinateaxes
at points which correspondo the respectie components
of the particulardata-ector Thereby up to a dozendata
dimensiongor even more) are well visualized,especially
whenthe visualizationis combinedwith properinteraction
featuressuchasreal-timere-orderingof coordinateaxesor
interactve brushingin singledimensiong8].

Brushing is avery effective techniqudor specifyinganex-
plicit focus during information visualization[1, 10]. The
useractively markssub-set®f thedata-setfor example by
usinga brush-like interfaceelement.If usedin conjunction
with multiple linkedviews, brushingcanenableusergo un-
derstanctorrelationsacrosanultiple dimensiong1, 4].

Focus+contextvisualization. Brushingalsois very useful
to steeradrill-down into thevisualizationof really big data-
sets— by specifyinga (limited and limiting) focus, more
detailscanbe shown for the selecteddata-points.This re-
latesto anothervery importantinfoViz conceptwhich is
focus-plus-contet (F+C) visualization[3]. The basicidea
of F+Cvisualizationis to jointly visualizehighly interesting
partsof the datain detailaswell asthe restof the data-set
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Figure 1. Reading between the lines: whereas
most of the poly-lines have a pos. slope between
the 2" and the 3™ axis, just a few don't — those
have been emphasized using angular brushing.

in reducedstyle, for orientationandimprovednavigation.

Degree-of-interestfunctions. For specifyingwhich parts
of thedataareto bedrawn in detail,i.e., for specifyingthe
focus,a degree-of-interes(DOI) functionis used[3], usu-
ally assigninga valueof 1 or 0 to eachdata-pointdepend-
ing on whetherthe data-pointis of currentinterestor not.
Brushingis an effective methodto actively (andexplicitly)
assignvaluesof 1 to data-pointf interest1, 11].

Brushing extensions. In additionto standardbrushing,
several usefulextensionshave beenproposedn literature.
The introduction of compositebrushes[8], for example,
enabledusersto more specificallydefinetheir focus. The
combinationof brushingandnon-binaryDOI functions|[8]
provedto be useful for data-setawith gradualchangesn
their dataattributes,for example,datafrom scientificsimu-
lation [2].

In this paper we demonstrateangular brushing and
smoothbrushingastwo effective extensionsto interactive
brushingof parallelcoordinategSect.2). Afterwards,we
briefly presentsomeimplementatiorissues(Sect.3). The
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Figure 2. Extended parallel coordinates, a sample view of the cars data-set: cars with six cylinders were
emphasized through brushing, histograms are laid over axes, and one data-point is shown with all details.

applicationitself and someresultsfrom visual dataanaly-
sisaredemonstrateéh Sect.4. A longerpaper describing
more extensionsof our prototypelike compositebrushes,
histogram-w@erlaysper axis, a very flexible axis-layout,a
detail-on-demanéeature etc.,is availablefrom VRVis asa
technicalreport(ht t p: // www. VRVi s. at/ vi s/ ).

2. ExtendedBrushing for Parallel Coordinates

Brushingeffectively enableghe userto (explicitely) spec-
ify his or herfocus. In parallelcoordinatesthis usuallyis
accomplishedy markinga certaindatasub-sebf interest
accordingto valueswithin a singledatadimension.In the
cars data-sef9], for example,a usercould focuson cars
with six cylindersby brushingtherespectie portion of the
cylinders-axis(cf. Fig. 2).

In our application of visually investigating multi-
dimensionatata-set®riginatingin aphysically-basedim-
ulation of dynamicprocessebasedon computationafluid
dynamics(CFD), we found standardbrushingof PC very
useful,however, we neededo go further. The requirement
wasto specifya focusnot only in dependencef onedata
attribute (one dimension),but to do so with respectto at
leasttwo of them—lik e brushingall thosedata-pointsvhose
z-velocityis largerthantherespectie z-velocity. Thecon-
sequencevasto introducea new brushingtechniquewhich
we call angularbrushing

2.1 Angular Brushing of Parallel Coordinates

Onestrengthof PCis its effectivenessof visualizingrela-
tions betweencoordinateaxes. Bringing axesnext to each
otherin aninteractive way, theusercaninvestigatéhow val-
uesarerelatedto eachotherwith specialrespecto two of
the datadimensions. This way, it is not only possibleto

seewhetherdata-pointsexhibit high or low valuesin sin-
gle dimensionsput alsotheir relation can be understood.
More specifically the slopeof the line-segmentsbetween
two axestells the user whetherthereis a positive or nega-
tive correlationbetweenvalues(of courseassuminghatthe
usersetup a propervisualizationmapping). Outliersalso
canbe easilyfound with respecto two datadimensions-
whenall but afew line-segmentshave a positive slope then
thefew othersclearly standout (seeFig. 1).

In thispaperwe demonstrat@éow this featureof PCeas-
ily canbeexploitedfor anextendedorushingtechniquei.e.,
angularbrushing. In additionto standardbrushing,which
primarily actsalongthe (parallel)axes,we enablethespace
betweeraxesfor brushinginteractionaswell. Theusercan
interactvely specify a sub-setof slopeswhich thenyields
all thosedata-pointgo be markedaspartof the currentfo-
cus. SeeFig. 1 for anexample,wherenegative slopeshave
beenmarkedbetweerthe secondandthird axis.

Angular brushingas describedabove is a useful exten-
sionto PC,alsobecausét very well correspondso the ef-
fectivevisualcuesprovidedby PC.In additionto composite
brusheswhich are composednultiple single-axisbrushes
by the useof logical operatorsangularbrushesallow the
selectiorof (non-separablaptionalpropertieswvith respect
to two of the datadimensions. When comparedto com-
positebrushedy the useof a scatterplotvisualization(see
Fig. 3), we clearly seethatbrushesasedon logical opera-
torsselectsub-setsvhich arealignedwith thedisplayaxes,
whereasangularbrushesselectsub-setsvhich are aligned
with the diagonalsvhenvisualizedin a scattefplot.

2.2 SmoothBrushing and Non-Binary DOls

Many well-known F+C techniquesn InfoViz suchasfish-
eye views [3], for example,do not usea discretedistinc-
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Figure 3. Comparing composite brushes (on the left) and angular brushes (on the right), using PC (top row)
and scatterplots (bottom row): composite brushes address “horizontal/vertical” features, whereas angular

brushes emphasize “diagonal” ones.

Figure 4. Linking and brushing, an example: in a scatter-plot (shown on the left side), smooth brushing
was used to mark data-points of low pressure and low velocity; a linked 3D view (on the top right) shows the
same data with the brushed data-points high-lighted; thirdly, the PC view (on the lower right) also shows the
same data, also high-lighting the brushed sub-set.



tion betweerfocusandcontext, but allow a multi-valuedor
even continuoustransition, which inherently supportsthe
mental connectionbetweendata-pointsin focus and their
contet. This correspondso a degree-of-interesfunction,
which non-binarilymapsinto the 1 -range.

Brushing easily combineswith non-binaryDOI func-
tions[8], i.e., whenusingsmoothlydelimited brushed2].
TherebyatthebrushboundariesfractionalDOI-valuesare
assigned.When compositebrushesare composedhrough
the useof logical operatorsfuzzy logic is employedto ag-
gregatefinal DOI-valuesfor every singledata-point.

In conjunctionwith PCwe extendtheinteractiely spec-
ified brushby a certain,userdefinedpercentagéo accom-
modatea smoothgradientof DOI-valuesat its borders.
Whencombiningsmoothbrusheghroughlogical operators,
we applythet ukasievicz norm,known from fuzzylogic as
acomparablylargenorm[7], i.e.,anormwhich (whenap-
plied repeatedly)nly slowly corvergesto andtherefore
betterconseresthetransitionalDOI-gradients.

3. Implementation

To dealwith real-world data-sets- in our caseconsisting
of 1 -1 data-pointeach— we quickly experiencedhe
limitations of a brute-forceimplementationof parallel co-
ordinates Especiallyaswe alsoneededsemi-transparenyg
coloring,andanti-aliasedine-sggmentsjoadis high onthe
graphicshardwareduring PCvisualization.

In the following, we briefly describesomeof the ap-

proacheswe utilized to still provide real-time response:

(1.) Coherencas exploited during interactionby re-using
asmuchvisual outputaspossible. If oneaxisis modified
duringinteraction,for example,line-sggmentsareonly re-
drawn locally. (2.) Progressie renderingprovidesimme-
diate feedbackthrough a preview-style of rendering,i.e.,
withoutanti-aliasingor semi-transpareryc As soonasthere
is time, high-qualityresultsarecomputed.(3.) Bi-threaded
implementatiorde-couplesenderingandinteraction. One
threadsenesthe userinterfaceand guaranteeénteractive
responsewhile the otherthreaddealswith rendering.

4. Application and Results

In our application,we investigatemulti-dimensionaldata-
setswhich originatein CFD simulationswith a dozenof
datadimensionspr more. During flow simulation,values
like temperaturepressureyelocity, aswell asothers,are
computedor all cellswithin a detailedCFD grid.
Parallelcoordinategprovedto bevery usefulfor datain-
vestigation. The interactive characterof our implementa-
tion allows for fastandflexible dataexploration,evenwhen
simultaneouslyinvestigatingmultiple dimensions. Link-
ing PC and other typesof views (like a 3D SciMiz view,
cf. Fig. 4, top right) andusingour brushingfeatureseased
dataexploration. Also the combinationwith scattesplots

was found to be useful, primarily because?D-composite
brushesarespecifiednoreeasilyin a scattesplot.

Figs.3 andespecially4 shov resultsof dataexploration
by the useof PC.The datashawn is theresultof a simula-
tion of flow throughpipesshapedasa T-junction. Flow is
comingfrom theleft andthetop (Fig. 4, top left).

5. Summary and Conclusions
In this paperwe have presente@ngularbrushingasa new
techniqueto effectively selectdatasub-setavhich exhibit
a datacorrelationalong two axes. We also shaved how
smoothbrushing can be used, even in combinationwith
compositebrushes More details, more images,a short
video,aswell asalongertechnicalreportareavailablevia
http://ww. VRVi s. at/vis/.

We concludethatthe worth of avisualizationby theuse
of parallel coordinatesncreasesirasticallywhen interac-
tion featuredik e axisre-orderinggetc.,areadded.
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