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Abstract: The purpose of this paper is to present a CADystadgenerating of 3D shapes
with superellipsoids, supertoroids, super cylindard super cones based on computational
geometry. To obtain the relevant geometric infoforaconcerning the shape and profile
for different 3D objects the Madsie Freestyle 1&p®lication was used. Results from this
study are applied in geometric constructions andpmder aided design used in engineering
and sculpture design.
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1. INTRODUCTION

The computer aided design and mathematical defimibf 3D shapes is important for graphic, art ammtpct
designers, engineers, interior designers, and teathi [1 - 3]. Mathematical visualization tools cacat as
interpretation support tools. Shape description ucial step in many computer graphics applioatiovhere
usage of a mathematical description provides hegmtetric representativity [4 - 7].

Interactive technological tools for geometric mawnigland graphical rendering have tremendous patetdi
address a broad range of objectives to exploreaaatyse possible new artistic shapes in virtuahffs, 9].

2. SUPERELLIPSOID, SUPERTOROID, SUPER CYLINDER AND SUPER CONE

2.1. Superquadrics

Superquadrics, as an extension of the basic quadriaces, constitute a class of surfaces whiclsgezssa
natural parametric and implicit description thatreventroduced by Barr A. H. in 1981 [10]. The supedrics
are: the superellipsoid, the superhyperboloid @& and two sheets, and the supertoroid. A supergusulrface
is defined as a spherical product of two paramefficcurves, resulting in a parametric shape in B&rs.

In last decade, superquadrics have been extensypgled for their simple and flexible shape dgsttwn and
efficient computer graphical representation [14}. 1

A superellipsoid is the spherical product of a p#Hitwo superellipses being defined by the impl&ifuation
[12]:
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A supertoroid is the spherical product of a supigisd and another superellipse winter, > a4 that is defined
by the implicit equation [12]:
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The two exponents are squareness parameters;ieped to pinch, round, and square off portionhefsolid
shapes, to soften the sharpness of square, amddage edges and fillets of any arbitrary degresoafdness
[10].

This form provides an information on the positiochao3D point related to the superquadric surfabaf ts
important for interior/exterior determination [118].

We have an inside-outside function F (X, y, 2):
*  F(xY,2 =1when the point lies on the superquadricasaf
*  F (XY, 2 <1when the point is inside the superquadrifesar,;
«  F (XY, 2 >1when the point is outside the superquadritase.

The existence of the inside-outside functions mehat superquadrics can be manipulated by mearssl|wf
boolean operations, such as union, intersectiathsabtraction [10].

Superquadrics are an easy class of objects to esmube they have well defined normal and tangectorse
Normal vectors are used in intensity calculationsrdy rendering. Both the normal and tangent vecéoe used
to calculate the curvature of the surface [14].

Superquadrics can be made to fit an even largagerari volumes by adding parameters to describeaglob
deformations such as tapering, bending, twistingl doolean constraints. The main disadvantage of
superquadrics is that they are intrinsically syrminednd thus the representation of many objectifficult
(small domain). The addition of the deformation el tapering constraints also introduces problesitis the
efficiency and stability of the representation [15]

The superquadric models can’t expand easily on txmghapes as easily as on smooth regular objduthw
results generally in over-segmentation. A probleitihthe use of superquadrics as a modeling primiisvthat
they are often not well defined by a single view.

2.2. Super cylinder and super cone
Super cylinder and super cone are defined accortliagknown geometrical considerations and mathesadati
formula from [16].

3. GRAPHICAL REPRESENTATIONS

The Madsie Freestyle 1.5.3 application was usegetwerate the 3D objects with superellipsoids, sopads,
super cylinders, super cones [16] and the graphégaeksentations are given in Table 1.

The parameters for superellipsoid are:
¢ Radius X (;) - the radius of the ellipsoid along the X-axis;
¢ Radius Y (,) - the radius of the ellipsoid along the Y-axis;
e Radius Z (3) - the radius of the ellipsoid along the Z-axis;
» Stacks ) - the number of segments along the Z-axis;
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Slices () - the number of radial segments around the @liths

Stack Exponentg) - the shape of the ellipsoid,;
Slice Exponentd;) - the shape of the ellipsoid.

Table 1. Graphical representations of 3D complggaib.

Values of parameters

Axonometric representation

Superellipsoid:
rn=2r,=25r=2m=n=64,6,=2,66=25

Supertoroid:
r,=25rs=15n=n,=64,65=4,6,=6.5

Super cylinder:
Ie = 2,r7 = l.3,hl = 1,n5 = 64,”5 = 64,% =1
Capped - enabled.

Super cone:
Ig = 2.5,r9 = 2.5,h2 =0, n;= 64,”8 = 64,%= 1.5
Capped - enabled.

Superellipsoid:
= 2,r2 = 3,r3 = 2,n1 =N = 64,61 = 05,62 =15

Supertoroid:
r,=15rs=2,m=n,=64,6=8,6,=1

Super cylinder:
I = 2.5,r7 = 1,hl = 1,n5 = 64,n5 = 64,% =15
Capped - enabled.

Super cone:
rg=25r9=25h,=0.2,n;=64,ng = 64,6,=1.45
Capped - enabled.

Superellipsoid:
r{ = 2,r2 = l.5,r3 = 2,n1 == 64,61 = 35,92 =3

Supertoroid:
r,=1,rs=05n0=n,=64,6=2,6,=2

Super cylinder:
Ie = 1,r7 = 1,h1 = 1,n5 = 64,n6 = 64,95 =3
Capped - enabled.

Super cone:
Ig = 1,rg = 1,h2 = 1, n;= 64,“3 = 64,%: 2
Capped - enabled.

Superellipsoid:
rhn=1,r,=05r;=1,m=n,=64,6,=45,6,=0.5

Supertoroid:
ra=1,r5=05n=n,=64,e5=15,,=8

Super cylinder:
re=1,r,=1,h; =0.5,n5 = 64,ng = 64,65 =3.5
Capped - enabled.

Super cone:
Is = l,rg = l,h2 = l, n;= 64,”3 = 64,%: 4
Capped - enabled.
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The parameters for supertoroid are:
e Major Radius ) - the radius of the circle that the tube tracks;
e Minor Radius (s) - the radius of the tube;
e Major Segmentsng) - the number of segments along the tube;
¢ Minor Segmentsr) - the number of radial segments around the tube;
« Major Exponentés) - the shape of the circle that the tube tracks;
¢ Minor Exponent &) - the shape of the tube cross section.

The parameters for super cylinder are:
¢ Radius X (¢) - the radius of the cylinder along the X-axis;
¢ Radius Z () - the radius of the cylinder along the Z-axis;
* Height () - the height of the cylinder;
» Stacks fs) - the number of segments along the height;
e Slices ) - the number of radial segments around the cglind
« Exponent &) - the shape of the cylinder;
e Capped - if enabled will put a polygon at the tog &ottom of the cylinder.

The parameters for super cone are:
* Radius X (g) - the radius of the cone along the X-axis;
* Radius Z () - the radius of the cone along the Z-axis;
* Height () - the height of the cone;
»  Stacks K;) - the number of segments along the height;
» Slices () - the number of radial segments around the cone;
» Exponent &) - the shape of the cone;
e Capped - if enabled will put a polygon at the bottof the cone.

Because there are some numerical issues in conutaith both very small or very large values okth
exponents, in this study, for safety, they are ehads the range of 0.01 to about 8.

4. CONCLUSIONS

This paper explores a computational method for ggimma of complex 3D shapes with superellipsoids,
supertoroids, super cylinders and super cones.r8lexeamples are provided to demonstrate the paece of
the developed models. These shapes can be usemtitd various shapes as well as shapes inbetween.

The Madsie Freestyle 1.5.3 application helps irmiolitg conclusions referring to shape of complexaipects,
but also facilitate the creation of new analogreshape design. New generated shapes allow a rmspeptive
to sculptural research, architecture and design.

5. ACKNOWLEDGMENTS

The author wish to thank to Mr. Mads Andersen fongultation, permission to use documentary mateuial
The Madsie Freestyle 1.5.3 application from htipaiv.madsie.com.

REFERENCES

[1] Nitulescu, T.,Télu, S., Applications of descriptive geometry and compuw&ed design in engineering
graphics, Publishing house Risoprint, Cluj-Napdamania, 2001.

[2] Talu, S., AutoLISP programming language. Theory and apfibims, Publishing house Risoprint, Cluj-
Napoca, Romania, 2001.

[3] Talu, S., Architectural styles, Publishing house MEGA, jNlapoca, Romania, 2009.

[4] Talu, S., Descriptive geometry, Publishing house Risop@itj-Napoca, Romania, 2010.



Journal of Engineering Studies and Research — Voluen18 (2012) No. 2 139

[5] Talu, S., Nitulescu, T., The axonometric projection, Publishimmuse Risoprint, Cluj-Napoca, Romania,
2002.

[6] Talu, S., Racocea, C., Axonometric representations wighliegtions in technique, Publishing house MEGA,
Cluj-Napoca, Romania, 2007.

[7] Racocea, C.Talu, S., The axonometric representation of technical g&am shapes, Publishing house
Napoca Star, Cluj-Napoca, Romania, 2011.

[8] Talu, S., Télu, M., A CAD study on generating of 2D supershaipedifferent coordinate systems, ANNALS
of Faculty of Engineering Hunedoara - Internatiodailirnal of Engineering, Hunedoara, Tome VIII, F&&c
2010, p. 201-203.

[9] Télu, S., Talu, M., CAD generating of 3D supershapes in différeoordinate systems, ANNALS of Faculty
of Engineering Hunedoara - International Journgtnfineering, Hunedoara, Tome VIII, Fasc. 3, 2@L®15-
219.

[10] Barr, A.H., Superquadrics and angle-preservitignsformations. IEEE Computer Graphics and
Applications, vol. 1, no. 1, 1981, p. 11-23.

[11] Jaklic, A., Leonardis, A., Solina, F., Segraitn and Recovery of Superquadric. Computatiomalging
and vision, Kluwer Academic Publishers, Dordredthe Netherlands, 2000.

[12] Velho, L., Gomes, J., Figueiredo, L.H., Im@li©bjects in Computer Graphics, Springer-Verlagi\éork,
Inc., 2002.

[13] Chevalier, L., Jaillet, F., Baskurt, A., Segntegion and superquadric modeling of 3D objectsirdal of
Winter School of Computer Graphics, WSCG'03, 12003, p. 232-239.

[14] Talib, S.B., PhD thesis: Shape recovery fromdinal image data using extended superquadricsaBuf
State University of New York, USA, 2004, p. 21.

[15] Bennamoun, M., Mamic, G.J., Object recognititmdamentals and case studies, Springer-Verlagito,
Great Britain, 2002.

[16] Madsie Freestyle 1.5.3 application by Mads érseén, Peter Sabroes Gade 17, 3. th, DK - 2450rastve
SV, Denmark, 2009, at http://www.madsie.com.



