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This paperdescribesgraphicalmodelsof visualizationof 2-, 3-, 4-dimensionalscalardata
usedin nucleardataacquisition,processingandvisualizationsystemdevelopedat the Insti-
tuteof Physics,Slovak Academyof Sciences.It focuseson presentationof nuclearspectra
(histograms).However it canbesuccessfullyappliedfor visualizationof arraysof otherdata
types. In the paperwe presentconventionalaswell asnew developedsurfaceandvolume
renderingvisualizationtechniquesused.

PACS: 29.85.+c,07.05.Rm

1 Intr oduction

Scientists,engineersandothersoftenneedto analyzea largeamountof experimentalinforma-
tion. Scanningtheselargesetsof numbersto determinetrendsandrelationshipsis a tediousand
ineffective process.If thedataareconvertedto a visual form the trendsareoften immediately
apparent.

Nuclearphysicsis oneof the scienti�c �elds wherethe requirementsfor usinghigherdi-
mensionsandhigherresolutionsarecontinuouslyincreasing.In today'snuclearandhighenergy
physicsexperiments,the numberof detectorsbeingincludedin the measurementsis going up
to onehundredor more.This numberof detectorsdeterminesthedimensionalityof histograms
producedby multidimensionalamplitudeanalysis.As a resulttheanalysisof coincidencedata
produces2-, 3-, 4- or moredimensionalhistogramsor nuclearspectra.

Theobjectiveof thepaperis to presentvisualizationtechniquesandgraphicalmodelsto dis-
play2-, 3-, 4-dimensionalnuclearspectra(histograms),which wereimplementedin thenuclear
dataacquisition,processingandvisualizationsystem[1,2]. Thoughthesoftwarepackageis de-
signedmainlyfor usewith nucleardata,any kind of datacanbeprocessedaswell. Othersystems
for nuclearspectragraphicalrepresentationwerepresentedin [3,4].
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2 Visualization of 2-parameternuclear spectra

Two-parametercoincidencenuclearspectrum(histogram)is representedby amatrixof datawith
two independentvariables(parameters)andonedependentvariable(counts),i.e.,c = f (x; y).
Theperspective transformationis employedto projectthe3-dimensionalsceneontoa 2-dimen-
sionalscreen.We haveemployedthefollowing modelto display3-dimensionaldataonscreen.

x ; = txx � i + txy � j + vx

y; = tyx � i + tyy � j + tyz � c + vy
(1)

wheretxx , txy , tyx , tyy , tyz , vx , vy arethe transformcoef�cients re�ecting translationin both
original 2-dimensionalscalar�eld (in x, y dimensionsaswell asin counts)andin theposition
on screen,scaling,rotationaroundz - axisandelevationof theview. Thepositionof a point on
thescreenis x ; ; y; and

x = xmin + kx � i ;

y = ymin + ky � j ;

i 2< 0; nx > ; j 2< 0; ny >;

where

kx =
xmax � xmin

nx
; ky =

ymax � ymin

ny
(2)

andnx ; ny arenumbersof nodesof a regulargrid in variablesx andy. Themodelproposedin
suchawayallows:

� to chooseand display any part of the spectrumby settingxmin , xmax , ymin , ymax to
appropriatevalues

� to setany rangeof displayedcounts— cmin , cmax

� to placethedisplayof spectrumanywhereon thescreen

� to rotateandelevatetheview of thespectrum

� to changethe densityof displaynodes.This is importantwhendisplayingaccumulated
spectrain on-linemode,i.e.,duringtheacquisitionof spectra.

During themeasurementtheexperimenterneedsto haveathisdisposalaninformationabout
theoverallshapeof thespectrumwithoutbeinginterestedin details.Thedisplayof 2-parameter
spectrumwith a high densityof displayedpoints(nodes)is very frequentlya time-consuming
operationandit may increaseinadequatelythe deadtime of the measuringsystem.Therefore
sometimestheonly remedyto copewith thissituationis thereductionof thenumberof displayed
nodesduringspectracollection.An exampleof thedisplayof 2-parameterspectrumis shown in
Fig. 1.
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Fig. 1. An exampleof thedisplayof 2-parameterspectrum.

Onecanput a grid on thespectrumto identify thepositionof its physicallyinterestingparts
(peaks). The displayedspectrumcanbe slid in both directions. Projectionsof the slicescan
beshown on backplanesof thecoordinatesystem.This makesit possibleto read-outthecount
valuesin theslicesin individualchannels.

Thecontentsof spectracanbeshown in line-drawing mode(grid, bars,slices,contours,etc.)
or in shadingsurfacemode.Onecanchangethebasicattributesof pen(color, size,style,pattern,
backgroundpattern,etc.). The surfaceshading(usingGouraudshadingalgorithm[5]) canbe
realizedin dependenceon the positionof the �cti ve light source,that canbe changedin 3-D
space.The nuclearspectrumcanbe shown without shadows or with shadows. An exampleof
displayof nuclearspectrumis presentedin Fig. 2.

Anotherway of surfaceshadingis shown in Fig. 3. Theshadingin thechannelx; y is pro-
portionalto thecontentsin thegivenchannel,i.e., to thecountsc(x; y). Thentheentry in the
palettefor thepoint x; y is

pal(x; y) = step � (c(x; y) � cmin ); (3)

where

step = k �
palette size
cmax � cmin

(4)

with k = 1; 2; 3; : : : . For k = 1 therangeof thepalettecanbescaledautomaticallyto therange
of thedisplayedcounts(Fig. 3).
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Fig. 2. An exampleof 2-parameterspectrumin theshaded-surfacedisplaymodewith shadows.

Fig. 3. An exampleof 2-parameterspectrumin theshaded-surfacecolordisplaymode.
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Sometimesit is necessaryto emphasizethe interestingpartsof a spectrumby contours.By
choosinghighervalueof thecoef�cient k, we obtainshadedcontoursdisplaymode.An exam-
ple of this displaymodein rectangularview for k = 10 canbe seenin Fig. 4. This way of
presentationallows oneto observe thepositionsof bothbig andsmallpeaksin thespectrumin
detail.

Fig. 4. An exampleof thedisplayof 2-parameterspectrumusingshaded-contourdisplaymodein rectan-
gularview.

In theabovegivendisplaymodes,onecanchooseamongdifferentdisplaypalettes(transition
betweenblackandwhite,combinationsof transitionsamongbasiccolors,etc.).

In any of theabovementionedmodelsonecanchangethedensityof grid nodes.To interpo-
latethesurfaceshapeamongchosencontrolgrid nodesonecanuseasplinemethod– in ourcase
theBeziersurfacesandB-splinesurfaces[5,6], whereonecanchangedegreeof splineandden-
sity of the interpolation.This makesit possibleto generatecontinuoussurfaceseven for small
numberof measuredpointsandthusto estimatethe trendsin surfaceshapes.In Fig. 5 we can
seeanexampleof 2-parameterspectruminterpolatedby theBeziersurfacein theshadedsurface
method(degree3).

3 Graphical modelsof 3-parameterspectradisplay

Analogouslyto theprevioussection3-parameter
 -raycoincidencenuclearspectrumis 3-dimen-
sionalscalar�eld with threeindependentparametersx; y; z (particleenergies)andonedependent
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Fig. 5. An exampleof thedisplayof 2-parameterspectrumwith shadedsurfaceinterpolatedby B – splines
method(degree3).

variable— countsc = f (x; y; z). As with 2-parameterscalar�elds onecanidealizethedisplay
of 3-parameterscalar�eld usingdiscretesymbolsatspeci�c locationsin space,or usetechniques
thatshow thevariationsin the3-parameterspace.Henceeachchannelis de�nedby threeparam-
eters– coordinatesx; y; z in theoriginal space,which determinethepositionof a channel.We
haveemployedamodelwherethechannelis shown asa sphere(othermarksassquare,triangle,
staretc.alsocanbeused)with thesizeproportionalto theeventcountsit contains.Theposition
of thechannelx; y; z on thescreenis givenby thefollowing relations

x ; = txx � i + txy � j + txz � k + vx ;
y; = tyx � i + tyy � j + tyz � k + vy

(5)

wheretxx , txy , txz , tyx , tyy , tyz , vx , vy arethedisplaytransformcoef�cients re�ecting transla-
tionsin bothoriginal 3-dimensionalscalar�eld (in x, y, z dimensionsaswell asin counts)and
in thepositiononscreen,scaling,rotationaroundaxesx; y; z and

x = xmin + kx � i ; y = ymin + ky � j ; z = zmin + kz � k;

where

kx =
xmax � xmin

nx
; ky =

ymax � ymin

ny
; kz =

zmax � zmin

nz
; (6)
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andwherenx ; ny ; nz arethe numbersof nodesof regulargrid in variablesx; y; z. The model
proposedin sucha wayallows:

� to chooseanddisplayany part of the 3-dimensionalarray— xmin , xmax , ymin , ymax ,
zmin , zmax

� to choosearangeof displayedcounts— cmin , cmax

� to placethepictureanywhereon thescreen

� to rotatewith thedisplayedspectrumaroundany of theaxesx; y; z

� to changethedensityof thedisplayednodes.

Like asin 2-parameterspectrum,the low densityof displayednodesallows oneto observe
thecollectionof thedisplayedspectrumin real time andthusto obtainan ideaaboutits shape
duringthemeasurement.

An exampleof thedisplayof 3-parameterspectrumis givenin Fig. 6. Sometimesthis algo-
rithm of visualizationis calledtheparticlegradientdisplayin literature[7]. Thespectrumcanbe
slid by planesparallelto theplanesof a coordinatesystem.Theprojectionsof theseslicescan
beshown in thecontourdisplaymodein theplanesof thecoordinatesystems(Fig. 6). It enables
usto obtaininformationaboutthedistributionof eventsin 3-dimensionalspaceandto determine
thepositionsof interestingpartsin spectrum.

However, oneneedsto seedetailsin theslicessometimes.Thenthepackageallows to slice
thespectrumfor one�x edvalue(x; y; z – dimension)andto analyze2-dimensionaldistribution
in this slice(Fig. 7). By moving thepositionof theslicealongthewholescaleonecananalyze
entirelythe3-parameterspectrum.

One can continuein the analysisof 3-parameterspectrumby investigating1-dimensional
slices(Fig. 8). Again the slicescan be moved in the interactive way and thus allowing the
experimenterto �nd interestingpartsin thespectrum.

Thechannelscanbeshown in line-drawing modeassphereshaving thepossibilityto change
thepenattributesor asshadedballs(Fig. 9). Theshadingdependson thepositionof the�cti ve
light source,whichcanbechanged.

Anothertechniqueto display3-dimensionalarraysis thecreationof anisosurfacein 3-dimen-
sionalspaceusing the marchingcubealgorithm[5]. The isosurfaceis the 3-D surfacerepre-
sentinglocationsof constantcountswithin a volume. Every point on thesurfacehasthesame
constantcountvalueof thescalarvariablewithin the �eld. Isosurfacesform the3-dimensional
analogyto the isolinesthat form a contourdisplayon a surface[7]. In our casethe isosurface
divides3-D spaceto two subspaces,a subspaceof eventswith thecountshigheranda subspace
of eventswith thecountslower thanagivenvalue.

Again thecontentsof spectracanbeshown in line-drawing mode(combinationsof slicesin
all 3 dimensions)or in shadingsurfacemode.To interpolatetheshapeof the isosurfaceamong
thechosencontrolgrid nodesonecanagainusethemethodof B-splines.Their degreeandthe
densityof the interpolationcan be setas desired. An exampleof visualizationalgorithmfor
spectrainterpolatedby B-splinesof third degreeareshown in Fig. 10.

The above presentedtechniqueshows only the exterior visible surface. The isosurfacecan
hideothersurfaces.Importanttool in thevisualizationof 3-parameterscalar�elds is thevolume
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Fig. 6. An exampleof thedisplayof 3-parameterspectrumwith projectionsof slicesshown in thecontours
displaymodein theplanesof thecoordinatesystem.

Fig. 7. An exampleof 2-dimensionalslicein 3-parameterspectrum.
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Fig. 8. An exampleof threeone-dimensionalslicesin 3-parameterspectrum.

Fig. 9. An exampleof thedisplayof 3-parameterspectrumwith channelsshown asshadedballs.
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Fig. 10. An exampleof shadedsurfacevisualizationalgorithmfor spectrainterpolatedby B-splinesof the
third degree.

Fig. 11. Theexampleof thedisplayof 3-parameterspectrumusingthevolumeslicing technique.
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slicing techniquewith the possibility to cut away part of a volumeto seewhat is behind. An
exampleof thespectrumdisplayedthroughtheuseof this algorithmis shown in Fig. 11.

The paletteof the displaycan be changedin the sameway as in the 2-parameterspectra
visualizationaccordingto relations (3) and(4). By increasingk, onecanincreasethenumber
of contoursand to seesomepartsof the spectrumin moredetailedway. Like in the caseof
2-parameterspectraonecanchoosefrom a setof differentcolor palettes.

4 Display of 4-parameterspectra

In thelastyearsthereis a tendency to create4-parameterhistogramsin somelaboratories(e.g.,
from experimentswith GAMMASPHERE[8]). Thereinthe countsarea function of four pa-
rameters(particleenergies),i.e.,c = f (x; y; z; v). Let usimaginethatnow this point represents
a slice in the fourth parameterinsteadof onechannelbelongingto onepoint of 3-D spacein
3-parameternuclearspectrumvisualization,i.e.,

ci;j;k (v) = f (x i ; yj ; zk ; v): (7)

Wedepicteachsliceasaclosedpolygonwith thecenterpositionedin analogywith (5) at the
location

x ;
i;j;k = txx � i + txy � j + txz � k + vx

y;
i;j;k = tyx � i + tyy � j + tyz � k + vy ;

(8)

wherethe meaningof the coef�cients andparametersis in accordancewith (5). Thenfor the
positionsof pointsof thepolygoni; j; k onscreenwehave

x ;;
i;j;k (v) = x ;

i;j;k � rmax �
ci;j;k (v) � cmin

cmax � cmin
� cos

�
2� (v � vmin )

vmax � vmin + 1
+ � 0

�
(9)

y;;
i;j;k (v) = y;

i;j;k + rmax �
ci;j;k (v) � cmin

cmax � cmin
� sin

�
2� (v � vmin )

vmax � vmin + 1
+ � 0

�
; (10)

wherethe fourth parameterv 2< vmin ; vmax >; rmax (constantvalue)is themaximumdis-
tanceof a polygonpoint from its centerand� 0 is startingangleof thedisplayof the �rst point
of polygon.Changingtheparameterr max onecanchangethesizesof polygonson screen.The
distanceof eachpointof thepolygonfrom its centercarriestheinformationaboutthecountsthat
thecorrespondingchannelcontains.Parameterscmin andcmax determinetherangeof displayed
counts.Thechannelswith thecountsoutsidethisrangeareignored.An exampleof thedisplayof
4-parameterspectrumemploying this techniqueis presentedin Fig. 12. It allowsoneto observe
correlationamongspectrumcountsin all four parameters,i.e.,by changingcoordinatesx; y; z of
the3-D spaceandby changingtheanglein individual polygons.For � 0 = 0 thechannelswith
v = vmin aredisplayedat the“9 o'clock” positions.Changingtheangle� 0 onecanturnwith the
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polygonsclockwiseor counterclockwise.All otherdisplayparameters,attributes,paletteshave
thesamemeaningandcanbe changedin thesameway asin thecaseof 2- and3-dimensional
arrays.

Whenrequiredonecandisplayalsothe positionsof the channelsin the fourth dimension.
Thismakesit possibleto getanideaaboutcountsvaluesin individualchannels(seeFig. 12).

Fig. 12. An exampleof thedisplayof 4-parameterspectrumwith displayedpositionsof thechannelsin the
fourthdimension.

The lines connectingthe points of polygonscan be interpolatedusing the Bezier curves
(Fig. 13).

However, onecanchangealsothecolor (level of shading)with theanglewhile keepingthe
radiusof circle constant. According to the resolutionin the fourth independentvariable,the
circle is divided to the pies. The sizeof the circle is proportionalto the sumof countsin the
fourthdimension,

vmaxX

v= vmin

f (x i ; yj ; zk ; v):

Thecolor of a pie is proportionalto thecountsin appropriatechannelandprede�nedcolor
palette.An exampleof sucha displaymodeis shown in Fig. 14.

Onecanalsomake 3-parameterslicesfrom which it is possibleto studythedistribution of
events– Fig. 15.
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Fig. 13. An exampleof thedisplayof 4-parameterspectrumwith interpolationof the pointsof polygons
usingBeziercurves.

Fig. 14. An exampleof thedisplayof 4-parameterspectrumusingpiedisplaymode.
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Fig. 15. An exampleof thedisplayof 3-parameterslicesin 4-parameterspectrumspace.

Another techniqueto display4-dimensionalarraysis basedon generationof isovolumein
3-D space.All pointsof displayedvolumehave the samecounts. In eachpoint of 3-D space
de�ned by 3 independentvariablesx; y; z, we make slice in thedirectionof thefourth variable.
If all countsin theslicearelessthangivenisovolumecounts,thepoint x; y; z is not displayed.
Otherwisethevaluev of the �rst occurrenceof a givenisovolumecountsdeterminestheshade
(color) of thecorrespondingx; y; z grid point. By interpolationof shades(colors)of all points
belongingto theisovolumewegetcontinualsurface.Isovolumeis the4-dimensionalanalogyto
the isolinesandisosurfacesdescribedin the two previoussections.An exampleof thedisplay
employing thisalgorithmof visualizationis shown in Fig. 16.

Analogouslyto two previoussectionsonecanchangepalettesandnumberof surfacecontours
in thesameway.

5 Conclusions

Wehavepresentedconventional2-dimensionalaswell asnewly developed3- and4-dimensional
visualizationalgorithms.We have proposedthealgorithmto displaythe3-dimensionalarrayin
theform of spheres.Onevalue(scalar),whichdeterminesthesizeof asphere,is assignedto one
point of 3-dimensionalspace.This way of presentationallows experimenterto locatepositions
of interestingpeaksof spectra(peaks)in 3-dimensionalspace(seee.g.Fig.6). If necessarymore
precisepositionscanbeobtainedthroughtheuseof moving slices(seeFigs.7 and8).

We have extendedthis algorithm to the 4-dimensionalarray. In this casea set of values
(vector– a slicein thefourth variable)is assignedto onepoint of the3-dimensionalspace.The
vectorcanbedisplayedeitherasclosedpolygon,wherethedistanceof eachpolygonpoint from
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Fig. 16. An exampleof thedisplayof 4-parameterspectrumemploying theisovolumealgorithmof visual-
ization.

the centerof the polygoncarriesthe informationaboutthe countsin the correspondingchan-
nel, or ascircle divided to pies,wheretheir shades(colors)areproportionalto corresponding
counts.Again, this techniqueprovidesexperimenterwith informationaboutcorrelationsamong
thepeaksin 4-dimensionalspectra.Onecanobservethedistributionof countsevenin the4th di-
mensionaswell asin otherdimensions(seee.g.Fig. 14). Thisprovidesexperimenterwith more
complex view of 4-dimensionaldata.Analogouslyto 3-dimensionalcase,thetechniqueof lower
dimensionalslicesis also applicable(seeFig. 15). Successive decreasingthe dimensionality
makesit possibleto determineexactly thepositionof appropriate4-dimensionalpeaks.

Theoreticallywe couldcontinuein theseconsiderationsfor thenext dimension,i.e., for the
displayof 5-dimensionalarray. Thenwe shouldhave to assigna matrix of two variables(2-D
array)to eachpoint of 3-D space.Eachof thesematricescouldbedisplayedby employing one
of theknown algorithmsfor 2-D arrays,e.g.,polygonsurfaces[5]. In principleonecancontinue
in thesethoughtseven for higherdimensions.However we areable to visualizedataonly in
3-D space.Usingtheabove suggestedtechniqueonecaninsertthesubspacesof the remaining
variablesinto pointsof 3-D space.

Color versionsof theFigs.3, 6, 11,and16areavailableonhttp://www.fu.sav.sk/aps/.
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[2] M. Morhá�c, J.Kliman, V. Matou�sek,I. Turzo: NuclearInstruments& Methodsin PhysicsResearch A

389(1997)89



400 M. Morhá�c et al.
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