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This paper describes graphical models of visualization of 2-, 3-, 4-dimensional scalar data
used in nuclear data acquisition, processing and visualization system developed at the Insti-
tute of Physics, Slovak Academy of Sciences. It focuses on presentation of nuclear spectra
(histograms). However it can be successfully applied for visualization of arrays of other data
types. In the paper we present conventional as well as new developed surface and volume
rendering visualization techniques used.

PACS: 29.85.+c, 07.05.Rm

1 Introduction

Scientists, engineers and others often need to analyze a large amount of experimental informa-
tion. Scanning these large sets of numbers to determine trends and relationships is a tedious and
ineffective process. If the data are converted to a visual form the trends are often immediately
apparent.

Nuclear physics is one of the scientific fields where the requirements for using higher di-
mensions and higher resolutions are continuously increasing. In today’s nuclear and high energy
physics experiments, the number of detectors being included in the measurements is going up
to one hundred or more. This number of detectors determines the dimensionality of histograms
produced by multidimensional amplitude analysis. As a result the analysis of coincidence data
produces 2-, 3-, 4- or more dimensional histograms or nuclear spectra.

The objective of the paper is to present visualization techniques and graphical models to dis-
play 2-, 3-, 4-dimensional nuclear spectra (histograms), which were implemented in the nuclear
data acquisition, processing and visualization system [1,2]. Though the software package is de-
signed mainly for use with nuclear data, any kind of data can be processed as well. Other systems
for nuclear spectra graphical representation were presented in [3, 4].
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2 Visualization of 2-parameter nuclear spectra

Two-parameter coincidence nuclear spectrum (histogram) is represented by a matrix of data with
two independent variables (parameters) and one dependent variable (counts), i.e.,¢c = f(x, y).
The perspective transformation is employed to project the 3-dimensional scene onto a 2-dimen-
sional screen. We have employed the following model to display 3-dimensional data on screen.

. . 1
Y =typ U +lyy ] +ly-Cctuy M

where ..., Loy, tyzs tyys tyzs Vs, Uy are the transform coefficients reflecting translation in both
original 2-dimensional scalar field (in x, y dimensions as well as in counts) and in the position
on screen, scaling, rotation around z - axis and elevation of the view. The position of a point on
the screen is x, 3’ and

ZC:mmin‘f’k/’m ’Ly

y:ymin+ky'j;

1€<0,n; > jeE<0,ny >,
where

Tmax — Lmin Ymax — Ymin
fp = o~ Tmin g Y — Ymin @
Ny Ny

and n,, n, are numbers of nodes of a regular grid in variables = and y. The model proposed in
such a way allows:

e to choose and display any part of the spectrum by setting Xmin, Xmaz> Ymin, Ymaz tO
appropriate values

e to set any range of displayed counts — Cnin, Crnaz

to place the display of spectrum anywhere on the screen

e to rotate and elevate the view of the spectrum

to change the density of display nodes. This is important when displaying accumulated
spectra in on-line mode, i.e., during the acquisition of spectra.

During the measurement the experimenter needs to have at his disposal an information about
the overall shape of the spectrum without being interested in details. The display of 2-parameter
spectrum with a high density of displayed points (nodes) is very frequently a time-consuming
operation and it may increase inadequately the dead time of the measuring system. Therefore
sometimes the only remedy to cope with this situation is the reduction of the number of displayed
nodes during spectra collection. An example of the display of 2-parameter spectrum is shown in
Fig. 1.
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Fig. 1. An example of the display of 2-parameter spectrum.

One can put a grid on the spectrum to identify the position of its physically interesting parts
(peaks). The displayed spectrum can be slid in both directions. Projections of the slices can
be shown on backplanes of the coordinate system. This makes it possible to read-out the count
values in the slices in individual channels.

The contents of spectra can be shown in line-drawing mode (grid, bars, slices, contours, etc.)
or in shading surface mode. One can change the basic attributes of pen (color, size, style, pattern,
background pattern, etc.). The surface shading (using Gouraud shading algorithm [5]) can be
realized in dependence on the position of the fictive light source, that can be changed in 3-D
space. The nuclear spectrum can be shown without shadows or with shadows. An example of
display of nuclear spectrum is presented in Fig. 2.

Another way of surface shading is shown in Fig. 3. The shading in the channel z, y is pro-
portional to the contents in the given channel, i.e., to the counts ¢(x,y). Then the entry in the
palette for the point x, y is

pal(z,y) = step - (c(z,y) = Cmin), 3)
where
lette_si
step = k- palette_size @
Cmax — Cmin
withk =1,2,3,.... For k = 1 the range of the palette can be scaled automatically to the range

of the displayed counts (Fig. 3).
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Fig. 2. An example of 2-parameter spectrum in the shaded-surface display mode with shadows.

Fig. 3. An example of 2-parameter spectrum in the shaded-surface color display mode.
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Sometimes it is necessary to emphasize the interesting parts of a spectrum by contours. By
choosing higher value of the coefficient k, we obtain shaded contours display mode. An exam-
ple of this display mode in rectangular view for k& = 10 can be seen in Fig. 4. This way of
presentation allows one to observe the positions of both big and small peaks in the spectrum in
detail.
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Fig. 4. An example of the display of 2-parameter spectrum using shaded-contour display mode in rectan-
gular view.

In the above given display modes, one can choose among different display palettes (transition
between black and white, combinations of transitions among basic colors, etc.).

In any of the above mentioned models one can change the density of grid nodes. To interpo-
late the surface shape among chosen control grid nodes one can use a spline method — in our case
the Bezier surfaces and B-spline surfaces [5, 6], where one can change degree of spline and den-
sity of the interpolation. This makes it possible to generate continuous surfaces even for small
number of measured points and thus to estimate the trends in surface shapes. In Fig. 5 we can
see an example of 2-parameter spectrum interpolated by the Bezier surface in the shaded surface
method (degree 3).

3 Graphical models of 3-parameter spectra display

Analogously to the previous section 3-parameter y-ray coincidence nuclear spectrum is 3-dimen-
sional scalar field with three independent parameters x, y, 2 (particle energies) and one dependent
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Fig. 5. An example of the display of 2-parameter spectrum with shaded surface interpolated by B — splines
method (degree 3).

variable — counts ¢ = f(x,y, z). As with 2-parameter scalar fields one can idealize the display
of 3-parameter scalar field using discrete symbols at specific locations in space, or use techniques
that show the variations in the 3-parameter space. Hence each channel is defined by three param-
eters — coordinates z, y, z in the original space, which determine the position of a channel. We
have employed a model where the channel is shown as a sphere (other marks as square, triangle,
star etc. also can be used) with the size proportional to the event counts it contains. The position
of the channel z, y, z on the screen is given by the following relations

. . 5
Y =tyg Tty J+ty.k+uy )

where t., toy, tezs tya, tyy, tyz, Uz, vy are the display transform coefficients reflecting transla-
tions in both original 3-dimensional scalar field (in z, y, z dimensions as well as in counts) and
in the position on screen, scaling, rotation around axes x, y, z and

T = Tmin + ko - 4 y:ymin+ky'j; 2= Zmin + k2 - K,
where
Tmax — Tmin Ymax — Ymin Zmax — Zmin
p = Zmex ~ Tmin g Ymax ~ Ymin, - Zmax ~ Zmin

)

Ng Ny N,

; (6)
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and where n,, n,,n, are the numbers of nodes of regular grid in variables z,y, z. The model
proposed in such a way allows:

e to choose and display any part of the 3-dimensional array — Zmin, Xmaz> Ymins Ymazs

Zmins Zmax
e to choose a range of displayed counts — Cyin, Cmax
e to place the picture anywhere on the screen
e to rotate with the displayed spectrum around any of the axes x, y, z
e to change the density of the displayed nodes.

Like as in 2-parameter spectrum, the low density of displayed nodes allows one to observe
the collection of the displayed spectrum in real time and thus to obtain an idea about its shape
during the measurement.

An example of the display of 3-parameter spectrum is given in Fig. 6. Sometimes this algo-
rithm of visualization is called the particle gradient display in literature [7]. The spectrum can be
slid by planes parallel to the planes of a coordinate system. The projections of these slices can
be shown in the contour display mode in the planes of the coordinate systems (Fig. 6). It enables
us to obtain information about the distribution of events in 3-dimensional space and to determine
the positions of interesting parts in spectrum.

However, one needs to see details in the slices sometimes. Then the package allows to slice
the spectrum for one fixed value (z, y, z — dimension) and to analyze 2-dimensional distribution
in this slice (Fig. 7). By moving the position of the slice along the whole scale one can analyze
entirely the 3-parameter spectrum.

One can continue in the analysis of 3-parameter spectrum by investigating 1-dimensional
slices (Fig. 8). Again the slices can be moved in the interactive way and thus allowing the
experimenter to find interesting parts in the spectrum.

The channels can be shown in line-drawing mode as spheres having the possibility to change
the pen attributes or as shaded balls (Fig. 9). The shading depends on the position of the fictive
light source, which can be changed.

Another technique to display 3-dimensional arrays is the creation of an isosurface in 3-dimen-
sional space using the marching cube algorithm [5]. The isosurface is the 3-D surface repre-
senting locations of constant counts within a volume. Every point on the surface has the same
constant count value of the scalar variable within the field. Isosurfaces form the 3-dimensional
analogy to the isolines that form a contour display on a surface [7]. In our case the isosurface
divides 3-D space to two subspaces, a subspace of events with the counts higher and a subspace
of events with the counts lower than a given value.

Again the contents of spectra can be shown in line-drawing mode (combinations of slices in
all 3 dimensions) or in shading surface mode. To interpolate the shape of the isosurface among
the chosen control grid nodes one can again use the method of B-splines. Their degree and the
density of the interpolation can be set as desired. An example of visualization algorithm for
spectra interpolated by B-splines of third degree are shown in Fig. 10.

The above presented technique shows only the exterior visible surface. The isosurface can
hide other surfaces. Important tool in the visualization of 3-parameter scalar fields is the volume
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parameter spectrum with projections of slices shown in the contours

display mode in the planes of the coordinate system.

Fig. 6. An example of the display of 3
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Fig. 8. An example of three one-dimensional slices in 3-parameter spectrum.

Fig. 9. An example of the display of 3-parameter spectrum with channels shown as shaded balls.
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Fig. 10. An example of shaded surface visualization algorithm for spectra interpolated by B-splines of the
third degree.

Fig. 11. The example of the display of 3-parameter spectrum using the volume slicing technique.
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slicing technique with the possibility to cut away part of a volume to see what is behind. An
example of the spectrum displayed through the use of this algorithm is shown in Fig. 11.

The palette of the display can be changed in the same way as in the 2-parameter spectra
visualization according to relations (3) and (4). By increasing k, one can increase the number
of contours and to see some parts of the spectrum in more detailed way. Like in the case of
2-parameter spectra one can choose from a set of different color palettes.

4 Display of 4-parameter spectra

In the last years there is a tendency to create 4-parameter histograms in some laboratories (e.g.,
from experiments with GAMMASPHERE [8]). Therein the counts are a function of four pa-
rameters (particle energies), i.e., ¢ = f(x,y, z,v). Let us imagine that now this point represents
a slice in the fourth parameter instead of one channel belonging to one point of 3-D space in
3-parameter nuclear spectrum visualization, i.e.,

Ci,j,k(v) = f(ziayjazk;v)' (7)

We depict each slice as a closed polygon with the center positioned in analogy with (5) at the
location

w;ﬁjyk:tzzl'i_twyj'i_tmzk"‘rvz

. . 8
Yik =tya it tyyJ by k+uy, ®)

where the meaning of the coefficients and parameters is in accordance with (5). Then for the
positions of points of the polygon ¢, j, k on screen we have

_ Ci,j,k (V) — Cmin < 27 (v — Umin) >
x’ o (v)=x. ., —7T e s Lcos | —————————— + ¢ )
ch( ) .5,k max L — Coin U — U + 1
. . Cijk(V) = Cmin . 27(V — Umnin)
voov)=y .+ e .sin| — 4+ 10
yZ’Lk( ) yz,],k e Cmax — Cmin Umax — Umin + 1 ¢0 ’ ( )

where the fourth parameter v €< Umin, Umax >, Tmax (constant value) is the maximum dis-
tance of a polygon point from its center and ¢ is starting angle of the display of the first point
of polygon. Changing the parameter r,,,x one can change the sizes of polygons on screen. The
distance of each point of the polygon from its center carries the information about the counts that
the corresponding channel contains. Parameters c,in and cmax determine the range of displayed
counts. The channels with the counts outside this range are ignored. An example of the display of
4-parameter spectrum employing this technique is presented in Fig. 12. It allows one to observe
correlation among spectrum counts in all four parameters, i.e., by changing coordinates z, y, z of
the 3-D space and by changing the angle in individual polygons. For ¢ = 0 the channels with
U = Unyin are displayed at the “9 o’clock” positions. Changing the angle ¢y one can turn with the
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polygons clockwise or counterclockwise. All other display parameters, attributes, palettes have
the same meaning and can be changed in the same way as in the case of 2- and 3-dimensional
arrays.

When required one can display also the positions of the channels in the fourth dimension.
This makes it possible to get an idea about counts values in individual channels (see Fig. 12).

Fig. 12. An example of the display of 4-parameter spectrum with displayed positions of the channels in the
fourth dimension.

The lines connecting the points of polygons can be interpolated using the Bezier curves
(Fig. 13).

However, one can change also the color (level of shading) with the angle while keeping the
radius of circle constant. According to the resolution in the fourth independent variable, the
circle is divided to the pies. The size of the circle is proportional to the sum of counts in the
fourth dimension,

Umax

Z [ @iy, 2k, 0).

V=Umin

The color of a pie is proportional to the counts in appropriate channel and predefined color
palette. An example of such a display mode is shown in Fig. 14.

One can also make 3-parameter slices from which it is possible to study the distribution of
events — Fig. 15.
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Fig. 13. An example of the display of 4-parameter spectrum with interpolation of the points of polygons
using Bezier curves.
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Fig. 14. An example of the display of 4-parameter spectrum using pie display mode.
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Fig. 15. An example of the display of 3-parameter slices in 4-parameter spectrum space.

Another technique to display 4-dimensional arrays is based on generation of isovolume in
3-D space. All points of displayed volume have the same counts. In each point of 3-D space
defined by 3 independent variables x, y, z, we make slice in the direction of the fourth variable.
If all counts in the slice are less than given isovolume counts, the point x, y, z is not displayed.
Otherwise the value v of the first occurrence of a given isovolume counts determines the shade
(color) of the corresponding z, y, z grid point. By interpolation of shades (colors) of all points
belonging to the isovolume we get continual surface. Isovolume is the 4-dimensional analogy to
the isolines and isosurfaces described in the two previous sections. An example of the display
employing this algorithm of visualization is shown in Fig. 16.

Analogously to two previous sections one can change palettes and number of surface contours
in the same way.

5 Conclusions

We have presented conventional 2-dimensional as well as newly developed 3- and 4-dimensional
visualization algorithms. We have proposed the algorithm to display the 3-dimensional array in
the form of spheres. One value (scalar), which determines the size of a sphere, is assigned to one
point of 3-dimensional space. This way of presentation allows experimenter to locate positions
of interesting peaks of spectra (peaks) in 3-dimensional space (see e.g. Fig. 6). If necessary more
precise positions can be obtained through the use of moving slices (see Figs. 7 and 8).

We have extended this algorithm to the 4-dimensional array. In this case a set of values
(vector — a slice in the fourth variable) is assigned to one point of the 3-dimensional space. The
vector can be displayed either as closed polygon, where the distance of each polygon point from
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Fig. 16. An example of the display of 4-parameter spectrum employing the isovolume algorithm of visual-
ization.

the center of the polygon carries the information about the counts in the corresponding chan-
nel, or as circle divided to pies, where their shades (colors) are proportional to corresponding
counts. Again, this technique provides experimenter with information about correlations among
the peaks in 4-dimensional spectra. One can observe the distribution of counts even in the 4" di-
mension as well as in other dimensions (see e.g. Fig. 14). This provides experimenter with more
complex view of 4-dimensional data. Analogously to 3-dimensional case, the technique of lower
dimensional slices is also applicable (see Fig. 15). Successive decreasing the dimensionality
makes it possible to determine exactly the position of appropriate 4-dimensional peaks.

Theoretically we could continue in these considerations for the next dimension, i.e., for the
display of 5-dimensional array. Then we should have to assign a matrix of two variables (2-D
array) to each point of 3-D space. Each of these matrices could be displayed by employing one
of the known algorithms for 2-D arrays, e.g., polygon surfaces [5]. In principle one can continue
in these thoughts even for higher dimensions. However we are able to visualize data only in
3-D space. Using the above suggested technique one can insert the subspaces of the remaining
variables into points of 3-D space.

Color versions of the Figs. 3, 6, 11, and 16 are available on http://www.fu.sav.sk/aps/.
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