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This paperdescribegraphicalmodelsof visualizationof 2-, 3-, 4-dimensionakcalardata
usedin nucleardataacquisition,processingndvisualizationsystemdevelopedat the Insti-

tute of Physics,Slovak Academyof Sciences.lt focuseson presentatiorof nuclearspectra
(histograms)However it canbe successfullyappliedfor visualizationof arraysof otherdata
types. In the paperwe presentcorventionalaswell asnew developedsurfaceandvolume
renderingvisualizationtechniquesised.

PACS: 29.85.+¢c07.05.Rm

1 Intr oduction

Scientistsengineersandothersoften needto analyzea large amountof experimentalinforma-
tion. Scanninghesedarge setsof numbergo determingrendsandrelationshipss atediousand
ineffective process.If the dataare corvertedto a visual form the trendsare oftenimmediately
apparent.

Nuclearphysicsis one of the scienti ¢ elds wherethe requirementdor using higher di-
mensionsandhigherresolutionsarecontinuouslyincreasingln today's nuclearandhigh enegy
physicsexperimentsthe numberof detectordeingincludedin the measurements going up
to onehundredor more. This numberof detectordetermineghe dimensionalityof histograms
producedby multidimensionalmplitudeanalysis.As a resultthe analysisof coincidencedata
produce-, 3-, 4- or moredimensionahistogramsr nuclearspectra.

Theobjective of the paperis to presentisualizationtechniquegndgraphicalmodelsto dis-
play 2-, 3-, 4-dimensionahuclearspectra histograms)which wereimplementedn the nuclear
dataacquisition processingndvisualizationsystem[1, 2]. Thoughthe softwarepackages de-
signedmainly for usewith nucleardata,any kind of datacanbeprocessedswell. Othersystems
for nuclearspectragraphicalrepresentatiowerepresentedn [3, 4].

1E-mail addressMiroslav.Morhac@seba.sk

2E-mail address:Vladislav.Matousek@s#a.sk, Correspondingauthor Institute of Physics,Slovak Academyof
SciencesPUbravska cestad, 84511 Bratislava, Slovakia
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2 Visualization of 2-parameter nuclear spectra

Two-parametecoincidencenuclearspectrunthistogram)s representetly amatrix of datawith
two independentariablegparametersandonedependentariable(counts)j.e.,.c = f (x; y).
The perspectie transformatioris employedto projectthe 3-dimensionakceneontoa 2-dimen-
sionalscreenWe have employedthe following modelto display3-dimensionatiataon screen.

X’
y;

tex T+ txy J+ Wy
tyx T+ 1ty j+1iy; C+yy

1)

wheretyy , tyy , tyx, tyy, tyz, Vx, vy arethetransformcoefcients re ecting translationin both
original 2-dimensionakcalar eld (in x, y dimensionsaswell asin counts)andin the position
on screenscaling,rotationaroundz - axisandelevationof theview. The positionof a pointon
thescreerisx’;y' and

X = Xmin + Kx 1}

Y= Ymin + Ky |;
i2<0;ny >; j2<0;ny >;
where
X Xmi i
K, = max min : ky - Ymax  Ymin @)

Ny ny

andny; ny arenumbersof nodesof aregulargrid in variablesx andy. The modelproposedn
suchaway allows:

to chooseand display ary part of the spectrumby settingXmin » Xmax s Ymin » Ymax tO
appropriatevalues

to setary rangeof displayedcounts— Cmin , Cmax
to placethedisplayof spectrumanywhereon the screen
to rotateandelevatethe view of the spectrum

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

During themeasuremerthe experimenteneedgso have at his disposakninformationabout
theoverall shapeof the spectrumwithout beinginterestedn details. Thedisplayof 2-parameter
spectrumwith a high densityof displayedpoints (hodes)is very frequentlya time-consuming
operationandit may increasaénadequatelythe deadtime of the measuringsystem. Therefore
sometimesheonly remedyto copewith this situationis thereductionof thenumberof displayed
nodesduringspectracollection. An exampleof the displayof 2-parametespectrunis shavn in
Fig. 1.
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Fig. 1. An exampleof thedisplayof 2-parametespectrum.

Onecanputagrid onthe spectrunto identify the positionof its physicallyinterestingparts
(peaks). The displayedspectrumcan be slid in both directions. Projectionsof the slicescan
be shavn on backplane®f the coordinatesystem.This makesit possibleto read-outthe count
valuesin theslicesin individual channels.

The contentsof spectracanbeshowvn in line-draving mode(grid, bars,slices,contoursgtc.)
or in shadingsurfacemode.Onecanchangehebasicattributesof pen(color, size,style,pattern,
backgroundpattern,etc.). The surfaceshading(using Gouraudshadingalgorithm[5]) canbe
realizedin dependencen the positionof the cti ve light source,that canbe changedn 3-D
space.The nuclearspectrumcanbe shavn without shadavs or with shadavs. An exampleof
displayof nuclearspectrumis presentedn Fig. 2.

Anotherway of surfaceshadingis shovn in Fig. 3. The shadingin the channelx; y is pro-
portionalto the contentsin the givenchannel,i.e., to the countsc(x; y). Thentheentryin the
palettefor the pointx; y is

pal(x;y) = step (c(X;y)  Cmin); (3)
where
step= k palette_size @

Cmax  Cmin

withk = 1;2;3;:::. Fork = 1therangeof thepalettecanbe scaledautomaticallyto therange
of thedisplayedcounts(Fig. 3).
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Fig. 2. An exampleof 2-parametespectrumin the shaded-suscedisplaymodewith shadavs.

Fig. 3. An exampleof 2-parametespectrurrin the shaded-suscecolor displaymode.
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Sometimest is necessaryo emphasizeheinterestingpartsof a spectrumby contours.By
choosinghighervalueof the coefcient k, we obtainshadectontoursdisplaymode. An exam-
ple of this display modein rectangulawview for k = 10 canbe seenin Fig. 4. This way of
presentatiorallows oneto obsenre the positionsof both big andsmall peaksin the spectrumin
detail.

Fig. 4. An exampleof the displayof 2-parametespectrumusing shaded-contouisplaymodein rectan-
gularview.

In theabove givendisplaymodespnecanchooseamongdifferentdisplaypaletteqtransition
betweerblackandwhite, combinationf transitionsamongbasiccolors,etc.).

In ary of theabore mentionednodelsonecanchangehe densityof grid nodes.To interpo-
latethe surfaceshapeamongchosercontrolgrid nodesonecanuseasplinemethod- in our case
theBeziersurfacesandB-splinesurfaced5, 6], whereonecanchangelegreeof splineandden-
sity of the interpolation. This makesit possibleto generatecontinuoussurfaceseven for small
numberof measuregointsandthusto estimatethe trendsin surfaceshapes.in Fig. 5 we can
seeanexampleof 2-parametespectruninterpolatedoy the Beziersurfacein the shadedurface
method(degree3).

3 Graphical modelsof 3-parameter spectradisplay

Analogouslyto theprevioussection3-parameter -ray coincidencenuclearspectrums 3-dimen-
sionalscalareld with threeindependenparameters; y; z (particleenegies)andonedependent
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Fig. 5. An exampleof thedisplayof 2-parametespectrumwith shadedsurfaceinterpolatecby B — splines
method(degree3).

variable— countsc = f (X; y; z). As with 2-parametescalar elds onecanidealizethedisplay
of 3-parametescalareld usingdiscretesymbolsatspeci c locationsin spacepr usetechniques
thatshow thevariationsin the 3-parametespace Henceeachchanneis de ned by threeparam-
eters— coordinates; y; z in the original spacewhich determinethe positionof a channel.We
have emplojeda modelwherethe channels shavn asa sphergothermarksassquaretriangle,
staretc. alsocanbeused)with the sizeproportionalto the eventcountsit contains.Theposition
of thechannek; y; z onthe screens givenby thefollowing relations

X'= o T+ty J+te kKt vy (5)
y = tyx ity jty Kty

wheretyy , tyy , txz, tyx, tyy, tyz, Vx, vy arethedisplaytransformcoefcients re ecting transla-
tionsin bothoriginal 3-dimensionakcalar eld (in x, y, z dimensionsaswell asin counts)and
in the positionon screenscaling,rotationaroundaxesx; y; z and

X = Xmin + Kx 1} yzymin"'kyj; Z= Zmin + kz k;

X Xmi i
ky = max min ky - Ymax Ymin :

z Zmi
k, = max min (6)
Ny Ny n;
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andwhereny; ny; n, arethe numbersof nodesof regulargrid in variablesx; y; z. The model
proposedn suchaway allows:

to chooseanddisplayary part of the 3-dimensionabrray— Xmin , Xmax » Ymin » Ymax s

Zmin s Zmax

to choosearangeof displayedcounts— Cmin , Cmax

to placethepicturearywhereonthe screen

to rotatewith thedisplayedspectrumaroundary of theaxesx; y; z
to changethe densityof thedisplayednodes.

Like asin 2-parametespectrumthe low densityof displayednodesallows oneto obsene
the collectionof the displayedspectrumin real time andthusto obtainanideaaboutits shape
duringthemeasurement.

An exampleof the displayof 3-parametespectrumis givenin Fig. 6. Sometimeghis algo-
rithm of visualizationis calledthe particlegradientdisplayin literature[7]. Thespectruncanbe
slid by planesparallelto the planesof a coordinatesystem.The projectionsof theseslicescan
beshown in the contourdisplaymodein the planesof the coordinatesystemgFig. 6). It enables
usto obtaininformationaboutthedistribution of eventsin 3-dimensionaspaceandto determine
thepositionsof interestingpartsin spectrum.

However, oneneeddo seedetailsin the slicessometimesThenthe packageallows to slice
the spectrunfor one x edvalue(x; y; z — dimension)andto analyze2-dimensionatlistribution
in this slice (Fig. 7). By moving the positionof the slice alongthe whole scaleonecananalyze
entirelythe 3-parametespectrum.

One can continuein the analysisof 3-parametespectrumby investigatingl-dimensional
slices (Fig. 8). Again the slicescan be moved in the interactve way and thus allowing the
experimenteto nd interestingpartsin the spectrum.

Thechannelsanbeshowvnin line-draving modeasspherediaving the possibilityto change
the penattributesor asshadedalls (Fig. 9). The shadingdependsn the positionof the cti ve
light sourcewhich canbe changed.

Anothertechniqueo display3-dimensionahrrayss thecreationof anisosurficein 3-dimen-
sional spaceusing the marchingcubealgorithm[5]. Theisosurfceis the 3-D surfacerepre-
sentinglocationsof constantcountswithin a volume. Every point on the surfacehasthe same
constantcountvalueof the scalarvariablewithin the eld. Isosurficesform the 3-dimensional
analogyto theisolinesthat form a contourdisplayon a surface[7]. In our casetheisosurace
divides3-D spaceo two subspaces subspacef eventswith the countshigheranda subspace
of eventswith the countslower thana givenvalue.

Againthe contentf spectracanbe shawvn in line-draving mode(combinationof slicesin
all 3 dimensionspr in shadingsurfacemode. To interpolatethe shapeof the isosurbiceamong
the chosercontrol grid nodesonecanagainusethe methodof B-splines. Their degreeandthe
densityof the interpolationcan be setas desired. An exampleof visualizationalgorithm for
spectranterpolatedby B-splinesof third degreeareshavn in Fig. 10.

The above presentedechniqueshows only the exterior visible surface. Theisosurficecan
hide othersurfaces.Importanttool in thevisualizationof 3-parametescalar elds is thevolume
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Fig. 6. An exampleof thedisplayof 3-parametespectrumwith projectionsof slicesshavn in thecontours
displaymodein the planesof the coordinatesystem.

Fig. 7. An exampleof 2-dimensionaslicein 3-parametespectrum.
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Fig. 8. An exampleof threeone-dimensionadlicesin 3-parametespectrum.

Fig. 9. An exampleof thedisplayof 3-parametespectrumwith channelshavn asshadedalls.
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Fig. 10. An exampleof shadedsurfacevisualizationalgorithmfor spectrainterpolatecby B-splinesof the
third degree.

Fig. 11. Theexampleof thedisplayof 3-parametespectrurmusingthe volumeslicing technique.
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slicing techniquewith the possibility to cut away part of a volumeto seewhatis behind. An
exampleof the spectrundisplayedthroughthe useof this algorithmis shavn in Fig. 11.

The paletteof the display can be changedn the sameway asin the 2-parametespectra
visualizationaccordingto relations (3) and(4). By increasingk, onecanincreasehe number
of contoursandto seesomepartsof the spectrumin more detailedway. Like in the caseof
2-parametespectraonecanchooserom a setof differentcolor palettes.

4 Display of 4-parameter spectra

In thelastyearsthereis atendenyg to created4-parametehistogramsn somelaboratorieqe.g.,
from experimentswith GAMMASPHERE[8]). Thereinthe countsare a function of four pa-
rametergparticleenegies),i.e.,c = f (x;y; z; v). Let usimaginethatnow this pointrepresents
a slice in the fourth parameteiinsteadof one channelbelongingto one point of 3-D spacein
3-parametenuclearspectrunmvisualization,.e.,

Cijk (V) = F(Xiryji2za;v): e

We depicteachsliceasa closedpolygonwith thecentemositionedn analogywith (5) atthe
location

Xk = bx i+hy j+be K+ ®)
Yigk = tyx T+ 1ty J+ 1ty K+ vy,

wherethe meaningof the coefcients and parameterss in accordancavith (5). Thenfor the
positionsof pointsof the polygoni; j; k onscreerwe have

Xi:j'k (V) = Xi"j'k I max M cos w + 9 (9)
= = Crmax Cmin Vimax Vmin T 1

Cigk (V) Cmin o 2 (V. Vmin)

yf_{.k (V) = yf,.k + I'max - 7
i i Cmax Cmin Vmax  Vmin + 1

; (10)
wherethe fourth parameter 2< Vmin ;Vmax >, I'max (COnstantvalue)is the maximumdis-
tanceof a polygonpoint from its centerand ¢ is startingangleof the displayof the rst point
of polygon. Changingthe parameter 5« 0necanchangethe sizesof polygonson screen.The
distanceof eachpointof thepolygonfrom its centercarriestheinformationaboutthe countsthat
thecorrespondinghannekontains Parametergn,in andcmax determingherangeof displayed
counts.Thechannelsvith thecountsoutsidethisrangeareignored.An exampleof thedisplayof

4-parametespectrumemploying this techniquds presentedn Fig. 12. It allows oneto obsene
correlationamongspectruncountsin all four parameterd,e., by changingcoordinatex; y; z of

the 3-D spaceandby changingthe anglein individual polygons.For ¢ = 0thechannelswith

V = Vpin aredisplayedatthe“9 o'clock” positions.Changingheangle o onecanturnwith the
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polygonsclockwiseor counterclockwiseAll otherdisplayparametersattributes,paletteshave
the samemeaningandcanbe changedn the sameway asin the caseof 2- and 3-dimensional
arrays.

Whenrequiredone candisplay alsothe positionsof the channeldn the fourth dimension.
This malkesit possibleto getanideaaboutcountsvaluesin individual channelgseeFig. 12).

Fig. 12. An exampleof thedisplayof 4-parametespectrunwith displayedpositionsof thechannelsn the
fourth dimension.

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

However, onecanchangealsothe color (level of shading)with the anglewhile keepingthe
radiusof circle constant. Accordingto the resolutionin the fourth independentariable,the
circle is divided to the pies. The size of the circle is proportionalto the sum of countsin the
fourthdimension,

gax
f(XirYj;zc;V):

V= Vmin

The color of a pie is proportionalto the countsin appropriatechannelandprede nedcolor
palette. An exampleof suchadisplaymodeis shavnin Fig. 14.

Onecanalsomake 3-parameteslicesfrom which it is possibleto studythe distribution of
events—Fig. 15.
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Fig. 13. An exampleof the display of 4-parametespectrumwith interpolationof the pointsof polygons
usingBeziercunes.

Fig. 14. An exampleof thedisplayof 4-parametespectrunusingpie displaymode.
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Fig. 15. An exampleof thedisplayof 3-parameteslicesin 4-parametespectrunspace.

Anothertechniqueto display4-dimensionakrraysis basedon generatiorof isovolumein
3-D space.All pointsof displayedvolume have the samecounts. In eachpoint of 3-D space
de ned by 3 independentariablesx; y; z, we make slicein the directionof the fourth variable.
If all countsin the slice arelessthangivenisovolumecounts,the pointx; y; z is not displayed.
Otherwisethe valuev of the rst occurrenceof a givenisovolume countsdetermineghe shade
(color) of the corresponding; y; z grid point. By interpolationof shadegcolors)of all points
belongingto theisovolumewe getcontinualsurface.lsovolumeis the 4-dimensionainalogyto
theisolinesandisosurticesdescribedn the two previous sections.An exampleof the display
employing this algorithmof visualizationis shovn in Fig. 16.

Analogouslyto two previoussection®necanchangepalettesandnumberof surfacecontours
in thesameway.

5 Conclusions

We have presentedornventional2-dimensionahswell asnewnly developed3- and4-dimensional
visualizationalgorithms.We have proposedhe algorithmto displaythe 3-dimensionahrrayin
theform of spheresOnevalue(scalar) which determineshe sizeof aspherejs assignedo one
point of 3-dimensionakpace.This way of presentatiorallows experimenterto locatepositions
of interestingpeaksof spectrgpeaks)n 3-dimensionatpacgseee.g.Fig. 6). If necessarynore
precisepositionscanbe obtainedthroughthe useof moving slices(seeFigs.7 and3).

We have extendedthis algorithmto the 4-dimensionakrray In this casea setof values
(vector—aslicein thefourth variable)is assignedo onepoint of the 3-dimensionakpace.The
vectorcanbedisplayedeitherasclosedpolygon,wherethe distanceof eachpolygonpointfrom
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Fig. 16. An exampleof thedisplayof 4-parametespectrumemploy/ing theisovolumealgorithmof visual-
ization.

the centerof the polygon carriesthe informationaboutthe countsin the correspondinghan-
nel, or ascircle divided to pies, wheretheir shadegcolors) are proportionalto corresponding
counts.Again, this techniqueprovidesexperimentemith informationaboutcorrelationsamong
thepeaksn 4-dimensionaspectraOnecanobsenethedistribution of countsevenin the4™ di-
mensioraswell asin otherdimensiongseee.g.Fig. 14). This providesexperimentemwith more
complex view of 4-dimensionatiata.Analogouslyto 3-dimensionatasethetechniqueof lower
dimensionalslicesis also applicable(seeFig. 15). Successie decreasinghe dimensionality
malesit possibleto determinesxactly the positionof appropriatet-dimensionapeaks.

Theoreticallywe could continuein theseconsiderationgor the next dimension,.e., for the
displayof 5-dimensionakrray Thenwe shouldhave to assigna matrix of two variables(2-D
array)to eachpoint of 3-D space.Eachof thesematricescould be displayedby employing one
of theknown algorithmsfor 2-D arrays.e.g.,polygonsurfaceq5]. In principleonecancontinue
in thesethoughtseven for higherdimensions. However we are ableto visualizedataonly in
3-D space.Usingthe above suggestedechniqueonecaninsertthe subspacesf the remaining
variablesinto pointsof 3-D space.

Color versionsof theFigs. 3, 6, 11,and16 areavailableon http://www.fu.sav.sk/aps/.
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