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Abstract. Quickly and conveniently generating a 3D freeform model is a chal-
lenging problem in computer graphics field. This paper proposes a new ap-
proach for rapid building 3D freeform shapes through sketching based on ball 
B-splines. 
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1   Introduction 

It is a challenge to quickly and conveniently generate a 3D freeform model in com-
puter graphics field. Despite the 3D scanning technique has been widely used, it is not 
suitable for model building in the initial or conceptual stage of design. The goal of the 
paper is to build 3D model rapidly and intuitively through sketching silhouette curves. 
Sketching is a fast and intuitive method of building 3D models from freehand 2D 
input. 3D shapes are generated through regarding the sketching 2D curves as silhou-
ettes from current points of view. 

There exist two well-known sketching systems to create 3D geometric models by 
2D sketching, SKETCH and Teddy [1, 2]. SKETCH is based gesture recognition. 
Teddy uses polygonal mesh model. Recent works propose some systems based on 
implicit function [6, 7]. 

In this paper, a new sketching method using ball B-Spline curves and surfaces is 
proposed. Ball B-Spline curves and surfaces represent 3D objects as well as its skele-
ton, explicitly and intuitively. This gives more potential for prototype modeling. 
Therefore, we primarily use ball B-Spline curves to represent 3D objects in our 
method. The rest of this paper is organized as follows: In section 2, fundamentals of 
ball B-Spline curves are introduced; in section 3, the skeleton algorithm on sketching 
contours is discussed; in section 4, Sketching methods are described; in section 5, 
Editing methods are further discussed as more convenient way for solid generation; 
finally some conclusions are given. 
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2   Introduction to Ball B-Spline Curve  

2.1   Sphere Geometry  

A sphere is defined as a set 

3 3; { | , , }C r x R x C r C R r R+< >= ∈ − ≤ ∈ ∈
                         

(1) 

Here C  is the center of the sphere and r is the radius.  

2.2   Ball B-Spline Curve 

, ( )i pN t
is the i-th B-Spline basis of degree p with knot vector. 
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Now the Ball B-Spline Curve can be defined: 
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iP  is called control points, ir  is called control radius. As shown in Fig.1 

 
 
 

Fig. 1. Control polygon, radius (white) and center curve (red) 

2.3   Ball B-Spline surface 

, ( )i pN u is the i-th B-Spline basis of degree p  with knot vector  
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And , ( )i qN v
 is the j-th B-Spline basis of degree q  with knot vector 
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Then the ball B-Spline Surface is defined as follows: 
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,i jP  is called control points, ,i jr  is called control radii. As shown in Fig.2  

 
 

Fig. 2. Control polygon, radius (white) and center surface (red) 

3   Computing Skeleton 

User can create a new object by drawing a closed polygon, and then a 3D model will 
be automatically constructed based on the 2D input. In order to use ball B-Spline 
curves and surfaces, the control points and control radius must be given, these infor-
mation can extract from the skeleton of the 2D polygon. In our system, we use  
voronoi-based method to extract skeleton. 

Blum was the first person who introduced the concise definition of skeleton or  
medial axis as the set of centers of maximal disks (2D) or balls (3D) [8]. 

Medial Axis: The set of points of a region P with more than one closest point  among 
the boundary points ∂ P of the region. Equivalently, it is the set of centers of maximal 
balls, i.e. of balls in P that are themselves not enclosed in another ball in P [9]. 

The skeleton has a wide field of applications. It has been proven useful in auto-
matic navigation, compression, shape description and abstraction and tracking etc. 
there is a large variety of techniques for extracting skeletons and centerlines. We use 
voronoi-based method to extract skeleton. The method is more suitable for polygon 
mesh. 

The skeleton we extract has some restrictions 
 (I) The centerline should be a sequential single-voxel chain  
(I I)The order of centerline points is crucial for reconstruction. 
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(I I I)The skeleton need to be pruned, the less the branches are it will be better for 
our model. 

The skeleton of the 2D sketch can be extracted follow the next steps�
First, while drawing the 2D sketching, there are many restrictions: it should not be 

self-intersecting, the start point and end point of the stroke will be automatically 
connected, and the operation will fail if the stroke is self-intersecting. The algorithm 
to create the 3D shape is described in detail in section 4. When constructing the  
initial closed planar polygon, the system makes all edges a predefined unit length 
(Fig.3 (a)). 

 
(a) The initial closed planar polygon     (b) Constrained Delaunay triangulation 

 
(c) The skeleton without prune    (d) The pruned skeleton 

Fig. 3. The process of extract the skeleton 

Next, construct a Constrained Delaunay Triangulation (Fig.3 (b)) of the polygon 
point’s .after the triangulation, the edges can be classified to two categories: The 
edges of the initial polygon are called external edges, while edges added in the trian-
gulation process are called internal edges. The skeleton can be obtained by line the 
midpoint of the internal edges which may have many branches (Fig.3(c)), in order to 
get one main centerline, it should be pruned. Our skeleton extraction algorithm and 
pruning are based on the ones described in [2].after the pruning ,only the main skele-
ton will be remain Figure (Fig.3 (d)).The link points of the skeleton are control points 
of the Ball B-Spine cures and surfaces. 

Third, we calculate the radius of each point on the skeleton use the method intro-
duced in [2]. Then let the radius of the point be the control radius.  

After the above operation, an orderly main skeleton (include control points and 
control radius) will be extracted. 
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4   Sketching Methods 

4.1   2D Input and Data Obtaining 

Our system accepts two ways of input. The first method is drawing using a digital pen 
on the tablet, while the other one is importing a sketching image, which is stored after 
previous sketching. As generating 3D model from the sketching by digital pen on 
tablet in time is more natural to the idea of sketch, we discussed this method mainly. 
By drawing each stroke, the points on each stroke are stored in independent data 
structure for following processing.  

In order to avoid taking bother to compute the intersection points of the stroke, the 
constraint for inputting is set for users that the stroke should be open. So the stroke 
closing is conducted by the system automatically later by simply connect the end 
point and the start point of the drawing.  

As the drawing rates of the users can be arbitrary but the precision of the tablet is 
certain, the data points stored can be totally irregular in density, which means the 
points can be very dense if the user draw slower or can be very sparse if the user draw 
faster in local places. Therefore the stroke reforming is inevitable for following proc-
essing. By setting the gate value for the distance between two adjacent points in the 
reformed stroke, some too close points will be sorted out and only the points whose 
distances with the previous ones are larger than the gate value can be stored. 

Then based on these points in the reformed stroke, the skeleton points and the  
corresponding radius can be extracted out for later 3D surface construction. 

  
(a) The original stroke     (b) The reformed stroke     (c) The skeleton points and radius 

 
(d) The 3D object in mesh mode        (e) The 3D object in face mode  

Fig. 4. Input and data obtaining 

The fig.4 shows the process of inputting and obtaining data used for later 3D model 
generation. (Fig.4 (a)) is a original drawn stroke using the digital pen, (Fig.4 (b)) is 
the stroke after reforming using the above way, (Fig.4(c)) shows the skeleton points 
and corresponding diameters of the data spheres used for following interpolation; 
(Fig.4 (d)) is the 3D mesh model generated from the skeleton points and correspond-
ing radius by interpolation; (Fig.4 (e)) is the rendering result in face form. 
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4.2   Reconstruction of the 3D Surface 

As the solid in reality usually has the disk cross section, it is very natural to use BBSC 
to construct the 3D surfaces using the skeleton points and the corresponding radius. 

BBSC Interpolation. In fact, these skeleton points combined with their 
corresponding radius can be regarded as several spheres, from which a whole BBSC 
whose center curve passes these central points and their corresponding radius can be 
obtained through interpolation. We can use B-spline interpolation method to 
interpolate the center curve and B-Spline scalar function method to interpolate the 
radius in a BBSC respectively to obtain BBSC interpolation. For more information on 
B-Spline interpolation, please refer to [10]. For the detail interpolation effect see the 
following figure. 

Boundary surface computing. To evaluate the boundary of the region represented 
by a BBSC, we can regard the boundary as the envelope surface of a one-parameter 
family of spheres. 

For example, for any t, center at 
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Then 2 2 2 2( ( )) ( ( )) ( ( )) ( ( )) 0x x t y y t z z t r t− + − + − − =               (8) 

According to envelope theorem [11],  
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The second equation is obtained: 

' ' ' '( ( )) ( ) ( ( )) ( ) ( ( )) ( ) ( ) ( ) 0x x t x t y y t y t z z t z t r t r t− + − + − + =     (10) 

For any t, we can compute ( )x t , ( )y t , ( )z t , ( )r t and their derivatives ' ( )x t , 
' ( )y t , ' ( )z t , ' ( )r t according to the boor algorithms of a B-Spline curve. 

Now, let ( )X x x t= − , ( )Y y y t= − , ( )Z z z t= − , ( )C r t= , 
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' ( )D x t= , 
' ( )E y t= , 

' ( )F z t= ,
' ( )G r t=               (11) 

So we get the following equation group: 

2 2 2 2X Y Z C

DX EY FZ CG

⎧ + + =
⎨ + + = −⎩                                         (12) 

This is an equation group of the intersection of a sphere and a plane. So its solution 
is a circle. We call it characteristic circle. 

When ir =constant for any i, for example, ( )r t =constant, then the boundary is the 

offsets in 3D space of the center curve by the constant. When the center curve is open 
and the end sphere’s radius is not zero, the end part is a sphere cap, whose center is 
the end point of the center curve and the intersection plane can be obtained from 
above computation. Therefore any point on the boundary of the 3D region can be 
obtained. 

Therefore, by computing the boundary points and then triangulate these points, we 
get a 3D mesh surface which can represent the 3D object. As shown in the following 
figure, (Fig.5.(a)) is the data spheres used for later interpolation; (Fig.5 (b)) is the 
result of interpolation and boundary evaluation of the data spheres in the 
left;(Fig.5(c)) is the rendering effect of the 3D boundary surface which can represent 
the 3D object. 

 
(a) Data Spheres         (b) Interpolating and     (c) Rendered boundary surface 

  Boundary evaluation (mesh) 

Fig. 5. Interpolation of BBSC and boundary evaluation 

4.3   System Diagram 

Use our system,first,we draw a 2D input use the tablet, then the input points will be 
reformed, then the skeleton will be extract use CDT algorithm, with the skeleton in-
formation use ball B-Spline a 3D model will be create., and many rules will be de-
fined to made our model more complex. The diagram in figure 6 describes the system 
flow. 
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5   Editing Operations 

Our system also provides various editing methods which help the user to generate the 
free-form objects more conveniently. The editing methods include extrusion, defor-
mation and cutting.  

 

Fig. 6. Diagram of our system 

5.1   Extrusion 

Extrusion is an editing method provided for users to generate an extra part added to 
the original 3D object. Firstly, the users are allowed to draw a stroke on the surface of 
the already generated objects, which is regarded as the base stroke. Later, the users 
need to draw a second extrusion stroke just in the panel which is orthogonal to the 
panel the base stroke surface lies in. Assume the base stroke is similar to a circle, the 
center point and the corresponding radii can be figured out. Furthermore, by applying 
the above method of computing the skeleton, the skeleton points and the correspond-
ing radius of the second stroke can be obtained. Then the center and radii of the base 
stroke is put at the head of the skeleton points list and radius list for following inter-
polation. Finally, by interpolation these skeleton spheres in the list, the result 3D 
object with added part can be generated.  

The following figure shows some results generated by extrusion.  

 

Fig. 7. Solid generated by extrusion 
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5.2   Deformation 

As the BBSC has very good features for its solid mathematical representation, the 
deformation can be easily operated by moving its control spheres or data spheres or 
by changing its control radius or data radius. After movement or changing, the inter-
polation can be operated again to get the new BBSC. 

The following figure shows the deformation effects when generating new objects.  

 
(a) Original object         (b) deformed object 

Fig. 8. Object generated by deformation 

5.3   Cutting 

The system provides also cutting method for users to cut the unwanted part of the 
solid. The detail operation is drawing a line across the solid and specifying which side 
besides line should be cut. Then the system can figure out the data spheres within the 
cutting part and throw them away from the original list. Later just by interpolating 
these left data spheres, the new solid after cutting can be obtained very easily. 

The following figure shows the how the cutting method is used to get new solid. In 
(Fig.9 (a)), the cross line is drawn and the lower side of the cross line was specified to 
cut; in (Fig.9 (b)) the upper side of the cross line was specified to throw away.  

 

 
 

(a)                             (b)  
 

Fig. 9. Object generated by cutting method 

6   Conclusions 

As the BBSC have very good features as very sound mathematical representation and 
precise evaluation. It can be very proper to present 3D free-form objects.  
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