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Abstract— This paper presents analysis of superquadrics 

surfaces, types of deformation occurs in superquadrics 

surface and also about the fitting. With some small 

modifications in the equations, one can model 

superellipsoids, superhyperboloids of one or two sheets and 

supertoroids.this paper discussed the equations of these 

surfaces and also give the few examples in which if we 

change the value of few parameters then the shape of object 

is changed. We extend a previous solution of 2D close to-

uniform uniform sampling of superellipses to the 

superellipsoid (3D) case and derive our own for the 

superparaboloid.  
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I. INTRODUCTION 

In the recent years there has been an explosion in availability 

and form of 3D data. Simultaneously, there has also been 

rapid growth in ubiquitous availability of computation and 

communication infrastructure which has made it possible to 

create, manipulate and distribute such 3D data. The 

application areas for use of such data have ranged from 

engineering, life-sciences, visual arts and entertainment. 

However all modeling is an approximation and there is a 

critical need for creating low order parametric 

approximations that are well suited for manipulation, 

visualization and analysis. However this comes at the 

additional cost of computation and the type of model required 

is defined by the final outcome of the application. The final 

application of the data determines both the selection of model 

as well as the process of reconstruction. Algorithms which 

perform very well for niche applications may fail for another. 

Superquadrics were introduced by Barr (1981)[1-3] and this 

name usually refers to a family of shapes that Includes 

superellipsoids, superhyperboloids and supertoroids. 

The super part of the name refers to the fact that the 

original curve (e.g. ellipse) is exponentiated; and the oid 

suffix refers to the 3D case. Thus, the superellipsoid is the 

‘3D version’ of the exponentiated ellipse. Here we use 

superquadrics to mean the superellipsoids plus the 

superparaboloids; we do not deal with the superhyperboloids 

and supertoroids.superquadrics provide a compact 

representation of common shapes and have been used both 

for object/surface modelling in computer graphics and as 

object-part representation in computer vision and robotics. 

Superquadrics refer to a family of shapes: here we deal with 

the superellipsoids and superparaboloids. 

Due to the strong non-linarites involved in the 

equations, uniform or close-to-uniform sampling is not 

attainable through a naive approach of direct sampling from 

the parametric formulation. This is especially true for more 

‘cubic’ superquadrics (with shape parameters close to 0:1). 

We extend a previous solution of 2D close to uniform 

sampling of superellipses to the superellipsoid (3D) case and 

derive our own for the superparaboloid. 

In this paper we describe the types of superquadric 

sufrace and its equation. Then we discussed the type of 

various deformations in these surfaces like tapering,bending. 

We achieve these deformation by varing the paramters. The 

proposed system in programmed in Matlab software. With 

help of matlab software we can see if we change these 

parameters the we find that the shapes of object is changed. 

II. SUPERQUADRICS 

A. Superquadric 

Superquadrics are a flexible family of 3-dimensional 

parametric objects, useful for geometric modeling. By 

adjusting a relatively few number of parameters, a large 

variety of shapes may be obtained. A particularly attractive 

feature of superquadrics is their simple mathematical 

representation. Superquadrics can be divided into 4 

parametric forms which are superellipsoids, one piece 

superhyperboloids, two piece super hyperboloids, and 

supertoroids. In [Barr], Alan Barr derives a set of formulae 

for the representations, normal vectors, tangent vectors, and 

inside-outside functions of each of these forms. 

 
Fig. 1: (a) Superellipsoids (b) Superparaboloids 

             (1) 

Where a1, a2, a3 are size parameters and ε1, ε2, ε3 are shapes. 

1) Superellipsoids: 

The parametric formulation of the superellipsoids is directly 

taken from Jacklic et al. (2000).The superellipsoid parametric 

surface vector can be obtained from the spherical product of 

two superellipses. Where parameters a1, a2 and a3 define the 

size of the superellipsoid in the x, y and z dimensions 

respectively and ε1and ε2 control the shape. 

         (2) 

2) Superparaboloids: 

The equations of superparaboloids as follows 
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          (3) 
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B. Deformation 

We also include two known extension to superquadrics: 

tapering and bending. We use the tapering deformation 

introduced in Jacklic et al. (2000) that linearly thins or 

expands the superquadric along its z axis. Tapering requires 

two extra parameters Kx and Ky for tapering in the x and y 

directions. We then have three extra parameters, with a final 

lambda 

 
This is our final set of 14 parameters to define a 

superquadric tapered or bent, and in general position and 

orientation. 

We combine our transformations (translation, 

rotation, bending and tapering) in the same order as in Jacklic 

et al. (2000)[4]. 

1) Tapering: 

We consider the tapering deformation as in Jacklic [4]. 

(2000), which allows us to taper a superquadric along the z 

axis differently in x and y dimensions. 

We have ( )
x

f z  and ( )
y

f z as the tapering functions 

along the respective axes. The tapering deformation is then a 

function of z and we have the new surface vectors 

                                (5) 

The two tapering functions are 

                             (6) 

The parameters Kx and Ky control the amount and 

direction of tapering along each dimension and define them 

in the interval 1 <= Kx, Ky <= 1. For no tapering we set Kx 

= Ky = 0. 

2) Bending: 

We create our own, simpler bending deformation that uses the 

circle function to deform the superquadric, which is bent 

positively on X along Z. There is only one parameter defining 

the circle’s radius 3k a . 

Bending gives us the new surface vector components 

                       (7) 

The maximum bending is when k = a3 and we have no 

bending for k>>a3. 

III. SIMULATION AND RESULT 

MATLAB tool is used for created the proposed superquadric 

surface with the scaling in the various parameters. 

 
Fig. 2: Superellipsoids surface 

 
Fig. 3: Supertoroids surface 

The above figure 2 and 3 shows the Superellipsoids 

surface and Supertoroids surface. These surfaces are obtained 

by varying the parameters of superquadric surface. 

IV. CONCLUSION 

In this paper we have presented analysis of superellipsoids 

and superparaboloids, including two deformations: tapering 

and bending. We go beyond by introducing superparaboloids 

and 3D sampling in a complete framework with tapering and 

bending. This extension should not prove itself difficult if one 

follows the ideas in here. The work is limited in that the 

sampling could be improved further and there are still 

problems with sampling highly cubic superellipsoids with ε< 

0:1 and solids with scale parameter proportion larger than 10. 
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