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ABSTARCT: 
Functionality of an object is best when it possesses desired properties at required locations. In many 
cases, Homogeneous objects fail to deliver what they are intended to. So, new materials called 
“heterogeneous materials”, which have gradual variation of material and material properties have come 
into play to replace homogeneous materials in the prevailing conditions, where the later fails. In this 
paper need for heterogeneous objects have been explained with examples. Manufacturing processes for 
heterogeneous objects are given in brief. The present work deals with the modeling of heterogeneous 
objects. Benefits of using B-splines for volume modeling are utilized in the present work by extending the 
scheme for heterogeneous objects. A B-spline representation of volumes is developed to represent not only 
the surface boundary but also the interior of a 3D object with varying material composition within the 
volume. Based on this scheme a small part of a femur is modeled. 
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1. INTRODUCTION 

Objects in geometric modeling systems tend to be generated by primitive solids based on simple geometric 
primitives, half space models, and/or boundary models. These primitives can be manipulated by a set of 
modeling tools, combined by using Boolean operations, and rendered using a variety of visible surface 
algorithms. 
The more general models have been the boundary models, frequently using a parametric patch formulation to 
describe the face boundaries of a solid. These patch models have been in use for some time in visible-surface 
algorithm development, and various modeling methods have been proposed to deal with these objects. However, 
when dealing with heterogeneous objects with material variation in three dimensional space, it is natural to deal 
objects as solid, rather than describing a volume of space by specifying surrounding surfaces. For this purpose 
parametric B-spline based volume modeling is used. B-spline solid is a simple tensor-product extension of both 
the B-spline curve and the B-spline patch.  
. 

2. B-SPLINE CURVES 

These are the curves generated by using the vertices of a defining polygon. From a mathematical point of view, 
a curve generated by using the vertices of a defining polygon is dependent on some interpolation or  
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Figure I A cubic B-spline curve with four control points: 

approximation scheme to establish the relationship between the curve and the polygon. This scheme is provided 
by the choice of basis function. The basis function used by the B-Spline curves is called B-Spline basis. 

2.1.  Properties of B-splines 

(1) The behavior of the B-spline curve is no global; it means changing position of any one vertex does not affect 
the entire curve. It is due to the fact that each vertex is associated with a unique basis function. Thus, each 
vertex affects the shape of a curve only over a range of parameter values where its associated basis function is 
nonzero. 
(2) The sum of the B-spline basis functions for any parameter value is one. 
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(3) Except for k=1 each basis function has precisely one maximum value. 
(4) The maximum order of the curve is equal to the number of defining polygon vertices. 
(5) The curve exhibits the variation diminishing property. Thus curve does not oscillate about any straight line 

more often than its defining polygon. 
(6) The curve generally follows the shape of the defining polygon. 
(7) Any affine transformation can be applied to the curve by applying it to the defining polygon vertices; i.e., the 

curve is transformed by transforming the defining polygon vertices. 
(8) The curve lies within the convex hull of its defining polygon. 
 

3.  KNOT VECTOR 

It is a monotonically increasing series of real numbers i.e. ai ≤ ai+1. The choice of knot vector has a significant 
influence on the B-spline basis functions Ni,k(t) and hence on the resulting B-spline curve. 

3.1. Types of Knot Vector 

Sections Uniform, open uniform (or open), and non uniform. 
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In a uniform knot vector, individual knot values are evenly spaced. This type of knot vector is generally used for 
closed B-spline curves. e.g. [0 1 2 3 …………13] is used to draw a closed curve. An open uniform knot vector 
has multiplicity of knot values at the ends equal to the order k of the B-spline basis function. These are used for 
open curves. Non uniform knot vectors may have either unequally spaced and/or multiple internal knot values. 
They may be periodic or open. These are better suited for generating analytical shapes like circle, parabola etc. 

3.2. B-Splines Surface 

By taking Cartesian or tensor product, B-spline curve can be extended to B-spline surfaces. It is defined by. 
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Where Ni,k(u) and Mj,l(v) are the B-spline basis functions in the biparametric u and v directions, respectively. The 
same definition of the basis functions given previously is applied here. Again Bi,j’s are the vertices of a defining 
polygon net. n+1 and m+1 are the number of defining polygon vertices in the u and v directions, respectively. 

  

 
 
 
 
 
 
 
 
 
 

Figure III: A B-spline surface with net of control points 

 

          Figure II: A closed B-spline curve generated by using periodic knot vector 
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3.3. B-Spline Hyperpatch 

 

 

 

 

 

 

 

 
The three dimensional B-spline hyperpatch is a simple tensor –product extension of both the B-spline curve and 
B-spline patch. The trivariate B-spline hyperpatch is given by  
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Where l+1, m+1, n+1 are number of points in u,v,and w directions respectively. Li,r, Mj,s,Nk,t are the B-spline 
blending functions as defined earlier. Figure 2.5 and 2.6 represent a solid object and its sections by planes 
parallel to z,y, and x planes. In figure 2.7 a bone like object is created by B-spline modeling. 

4. SOFTWARE DEVELOPMENT 

To represent heterogeneous objects, a software is developed using MATLAB and C-language. C programming 
is used for calculation of B-spline basis functions, which are computationally expensive and MATLAB is used 
for rendering and other computations. Input required for the software are x,y,z coordinates and normalized 
quantity of any one material at control points. Apart from this, user can select value of k in any or all the 
parametric direction to control the order of curve. More the value of k smoother the variation will be. Figure V 
shows a heterogeneous surface created using this software. With the given input, points inside and at boundary 
of the object are calculated by using equations [3.2] and [3.3]. These points are stored in  three-dimensional 
matrices each for x,y,z,m’ and m’’ . User can increase or decrease the number of points to represent the solid, 
more number of points will ensure more accuracy but with the expense of more computational time. Only 
outside boundary of the solid will be shown for rendering purpose. This software also allows the user to view 
any section of the object, parallel to x,y, and z-planes. Using this method heterogeneous primitives such as 
heterogeneous cuboids, heterogeneous cylinders with different types of material variation are created. 

 

 Figure IV: Section of the hyperpatch by planes parallel to z,y,x planes 
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Figure V: A B-spline surface with material variation 

5. RESULTS 

Cubes constructed by twenty seven points (three planes, nine points in each plane) and their sections by planes 
parallel to x, y, and z planes. In figure VI center point of all the three horizontal planes contain m1=1(m2=0) and 
outer eight points of each plane contain m1=0(m2=1), value of k is taken as three. All the outer points have same 
composition, so there should not be any material variation but at the center material composition is different 
therefore composition should vary smoothly from outer surface to center. Similarly in figure VII, m1=1(m2=0) is 
only at center point of the central horizontal plane and at all other points m1=0(m2=1), therefore all the six outer 
faces should have same material composition but material should vary as one approaches towards the center of 
the cube. As expected, material variation is obtained by B-spline modeling.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                     Figure VI: Heterogeneous cube m1=1(m2=0)          Figure VII: Heterogeneous Cube m1=1(m2=0) at center of cube 
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A sculptured object is created by B-spline modeling (figure VIII). B-spline modeling not only allows user to 
create sculptured objects but modification of these objects is also simple. Once created, user can modify the 
object as per the need by rearranging the control points of the object. Another use of B-spline modeling is in 
reverse engineering where object is already in existence and its model is created by measuring coordinate points 
of the object. 
 
 

 

 

 

 

 

 

  

                Figure VIII: A Sculptured Object 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure IX: Sections of Object in figure VIII 
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6. CONCLUSION 

A modeling scheme for heterogeneous objects based on B-splines is developed. This scheme inherits the 
advantage of B-splines to represent the sculptured free-form objects. The present work introduces method of 
creating and visualizing free-form heterogeneous model by use of B-spline material hyperpatch. Prototype 
software has been developed for creating and visualizing heterogeneous model. This software is also used to 
model a real world heterogeneous object with available point cloud data. This way space required to store the 
object models can be reduced by storing only few points rather than all the points defining the object. These 
stored points can be used to regenerate the model for applications such as analysis and rapid prototyping. Those 
Points having discontinuity in geometry or material composition must be selected to model the object, so that 
model should represent the actual object more precisely.  
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