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Abstract. In this paper, we present a method, which can be used to solve the blending
problem of two arbitrary surfaces as long as they have regular blending boundaries. The
blending surface is defined as a collection of space curves which are defined by point pairs
on the blending boundaries and the corresponding information of the given surfaces on
the blending boundaries. The blending surface has a parametric form and its shape is
easy to be controlled by adjusting the parameters left for the user. As examples of our
method, we show how to construct blending surfaces between two quadratic surfaces
with boundaries to be the intersection of this surface and a plane or another quadratic
surface. Based on this method, a dynamic software package is implemented.
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1. Introduction

One of the fundamental tasks of computer aided geometric design is surface blending,
which is to construct a blending surface that smoothly joins two or more given surfaces.
Surface blending is widely used for functional or aesthetic reasons in geometric design.

There exist many methods to solve the problem. Rossignac and Requicha proposed the
rolling ball method in 1984 [21]; Hoffmann and Hopcroft proposed the potential method in
1986 [12]; Warren proposed the ideal theory method in 1989 [26]; Bloor and Wilson proposed
the PDE method in 1989 [4, 5]; Bajaj and Ihm proposed the Hermite interpolation method
in 1992 [2]; Wu and Wang proposed a method based on the characteristic set in 1994 [29];
Wallner and Hottmann got rational blending surfaces between quadratic surfaces in 1997
[24]; Zhu and Jin proposed the generatrix method in 1998 [30]; Wu and Zhou proposed a
method to blend several quadratic surfaces in 2000 [28]; Hartmann proposed several methods
to blend surfaces [9, 10, 11]; Chen et al used cubic piecewise algebraic surfaces to blend three
pipe surfaces [6]; Koparkar gave a method to blend parametric surfaces, but the blending
surface can not be easily adjusted [15]. A survey of using parametric surfaces to generate
blending surfaces can be found in [23]. These methods may be used to solve a large number of
blending problems. On the other hand, most of them assume that the surface to be blended
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are of certain special form and hence have limitations. These limitations include assuming
the boundary curves to be planar, the surface to be blended are quadratic, the boundary
curves are circular ringed. In this paper, we will present a method which may apply to all
cases.

This paper discusses how to construct a parametric blending surface of two arbitrary
surfaces which have regular parametric blending boundaries. The blending surface connects
the given surfaces with G1-continuity. The method fits not only parametric surfaces but also
implicit surfaces, not only algebraic surfaces but also transcendental ones. The blending sur-
faces have a uniform parametric representation. We can get the blending surface by directly
substituting the boundary information into the formulae without complicated computation.
This method could be considered as the most general extension of the famous rolling ball
method proposed by Rossignac and Requicha in certain sense: instead of rolling a ball, we
are sweeping a general parametric curve or a curve segment to generate the blending surface.
We also design the method so that the shape of the blending surface can be easily adjusted
by changing the parameters left for the user.

As applications of our method, we present details for constructing the blending surfaces
between quadratic surfaces and parametric surfaces, although our method is not restricted
to the two cases.

Based on the method, a software package is implemented, which can be used to generate
blending surfaces for two quadratic surfaces with planar boundary curves automatically. The
user may use four parameters to adjust the shape of the blending surface. From this package,
some of the advantages of our method are illustrated explicitly: blending surfaces may be
generated automatically and manipulated conveniently in real time.

In Section 2, we show some basic theories of surfaces blending. Section 3 tells us how
to construct the blend surface. Section 4 deals with the shape control of the blending
surface. Section 5 presents detailed information on two special cases. Section 6 presents the
conclusion.

2. Basic idea of blending surfaces

A space curve or a space curve segment (resp. surface) is called regular if a nonzero
tangent vector (resp. normal vector) at every point on the curve (resp. surface) exists and
is unique.

Let S1, S2 be two surfaces, C = S1
⋂

S2 a regular space curve. If for each point P ∈ C,
the tangent plane of S1 at P is the same as the tangent plane of S2 at P , then S1 and S2

are said to meet with G1-continuity along C.
Now consider the following problem.
Problem 2.1 Let S1 and S2 be two surfaces in real 3-Eudidean space R3, C1 ⊂ S1, C2 ⊂

S2 regular space curves called boundary curves. To construct a surface S which connects
S1, S2 along C1, C2 respectively with G1-continuity.

Theorem 2.2 Let S1, S2 be two surfaces, C = S1
⋂

S2 a regular space curve. If for each
P ∈ C, there exists a regular space curve C1 ⊂ S1, such that P ∈ C1 and

N · T1 = 0, T1 6= a ∗ T, a ∈ R,
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then S1 meets S2 with G1-continuity along C. Here T denotes the tangent vector of C at P ,
N denotes the normal vector of S2 at P , and T1 denotes the tangent vector of C1 at P .

Proof. Since T1 6= a ∗ T , a normal vector of S1 at point P is T × T1. Since N · T1 = 0,
T1 is perpendicular to N . Since C is in S2 and N is the normal vector of S2 at point P , N
is perpendicular to T . This means N and T × T1 are proportional. As a result, the tangent
planes of S1 and S2 at point P is the same. So the theorem holds.

Theorem 2.2 tells us how to construct blending surfaces when the normal vectors on the
boundary curves are known or can be gotten, as in the case of implicit surfaces.

Theorem 2.3 Let S1, S2 be two surfaces, C = S1
⋂

S2 a regular space curve. For each
P ∈ C, suppose that there exist regular space curves C1 ⊂ S1,C2 ⊂ S2 such that P ∈ C1,
P ∈ C2. Furthermore, suppose that C1 connects C2 at point P with G1-continuity, and the
tangent vector of C2 (or C1) at point P is not parallel to the tangent vector of C at P . Then
S1 and S2 meet with G1 continuity along C.

Proof. Let T1, T2 be the tangent vectors of C1 and C2 at point P , T the tangent vector
of C at point P . Since C1 and C2 meet at P with G1-continuity, T1 = αT2, α ∈ R. Note
that T1 (T2) is not parallel to T . Then the normal vectors of S1 and S2 at point P is
N1 = T1 × T = αT2 × T and N2 = T2 × T respectively. Since N1 = αN2, the tangent planes
of S1 and S2 at point P are the same. So the theorem holds.

Theorem 2.3 will be used to construct blending surfaces between parametric surfaces.
Remark 2.4 If the boundary curves are not regular, the blending surface itself will not

be G1-continuity or self-intersects.

3. Constructing parametric blending surface

In this section, we will show how to blend two surfaces with a parametric surface.

3.1. Bézier curves
Let

Bi,n(t) =
n!

(n− i)!i!
ti(1− t)n−i, 0 ≤ t ≤ 1

denote the Bernstein polynomials. A Bézier curve of degree n with control points Vi can be
defined as

Bn(t) =
n∑

i=0

ViBi,n(t)

with some properties listed below.
Terminal points:

V0 = Bn(0), Vn = Bn(1).

Tangents on terminal points: Let T0, T1 be the unit tangent vectors of the Bézier curve
at points V0, Vn respectively. Then the following equations hold:

T0 =
V1 − V0

‖V1 − V0‖ , T1 =
Vn − Vn−1

‖Vn − Vn−1‖ .

To construct a space curve which passes two points and the tangent vectors of the curve at
the two points are appointed, we can use Bézier curve. Choose the two points as terminal
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control points, and select two points on the given tangent lines as the other two control
points. The Bézier curve defined by the four points is what we want.

3.2. Method of constructing blending surface
To solve Problem 2.1, we further assume C1(s) ⊂ S1, C2(s) ⊂ S2, s ∈ [0, 1] have para-

metric forms and have been parameterized to have the same variable s. For s = s0 ∈ [0, 1],
we will construct a space curve f(s0, t) which satisfies the following equations:





f(s0, 0) = C1(s0),
f(s0, 1) = C2(s0),
∂f(s0,t)

∂t |t=0 ·N1(s0) = 0,
∂f(s0,t)

∂t |t=1 ·N2(s0) = 0,

(1)

where Ni(s0)(i = 1, 2) denote the normal vectors of S1, S2 at C1(s0), C2(s0) respectively.
They may be unknown but only need to ensure that the tangent vector of f(s0, t) at t = 0
(resp. t = 1) is in the tangent plane of S1 (resp. S2) at point C1(s0) (resp. C2(s0)). When
s changes in [0,1], f(s, t) forms a parametric surface. The last two equations are used to
guarantee that the tangent vectors of f(s, t) are parallel to tangent planes of S1 and S2 at
C1(s) and C2(s) respectively.

By Theorem 2.2 if condition (1) is satisfied, f(s, t) is a G1-continuous blending surface
for S1 and S2 along the boundary curves C1 and C2 respectively.

For a fixed s ∈ [0, 1], as discussed above, we need to construct a space curve which
satisfies condition (1). Here we will construct a Bézier curve. Choose C1(s), C2(s) as two
terminal control points. We will construct two more control points Cii(s), i = 1, 2 as follows

Cii(s) := Ci(s) + li(s)Ti(s), (2)

where li(s)(i = 1, 2) ∈ {f(s)|f ∈ C1[0, 1],∀s ∈ [0, 1], f(s) > 0} are functions to adjust the
shape of the blending surface; Ti(s) is a vector in the tangent plane of Si. The construction
of Ti(s) can be divided into two cases:
Case 1:

If we know the normal vector of S1 at point C1(s), denoted by N1(s), and the tangent
vector of Ci at Ci(s), denoted as C ′

i(s), then we can construct Ti(s) as follows

Ti(s) := ±
√

1− λ2
i Ni(s)× C ′

i(s) + λiC
′
i(s). (3)

Here λi ∈ (−1, 1). It is used to adjust the direction of Ti(s). The ± sign will be selected
such that Ti(s) towards the other surface to be blended.
Case 2:

If know a vector Vi(s) in the tangent plane of Si at point Ci(s) and the vector is not
parallel to C ′

i(s), then we can construct Ti(s) as follows

Ti(s) := ±
√

1− λ2
i Vi(s) + λiC

′
i(s). (4)

For a parametric surface P (u, v), assume

Ci(s) = P (u(s), v(s)).
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We can define Vi(s) by the following expressions.

Vi(s) :=
∂P (u, v)

∂u
|u=u(s),v=v(s)

or
Vi(s) :=

∂P (u, v)
∂v

|u=u(s),v=v(s).

The symbols here are of the same meanings as defined above.
Now we can construct a Bézier curve with the four control points:

C1(s), C11(s), C22(s), C2(s).

As is shown in Figure 1. The curve is defined as follows.

P (s, t) = C1(s)B0,3(t) + C11(s)B1,3(t) + C22(s)B2,3(t) + C2(s)B3,3(t) (5)

C1(s)

S 1

A

C2(s)

B
S 2

N1(s)

N2(s)

f (s,t)

C1’(s) C2’(s)

T1

T2

C11(s)

C22(s)

Fig. 1. Smooth blending of two surfaces

When s changes in [0, 1], we can get the whole blending surface. Theorems 2.2 and 2.3
ensure that the blending surface connects the two given surfaces with G1-continuity.

From the definition of the blending surface (Equation (5)), we can get a rational blending
surface, even a polynomial blending surface, if the boundary curves Ci(s) and the vectors
Ti(s) are rational or polynomial. If the blending surface is polynomial, its degree depends on
the degrees of the boundary curves Ci(s) and the vectors Ti(s). Our method is not restricted
to solve the blending problem of rational surfaces, so in some cases the boundary curves do
not have a rational form. But we can compute a blending surface as exact as you want in
CAD systems by approximating the curves and vectors with low degree rational curves and
vectors within a given error bound.

Besides Bézier curves, we may use other continuous curves to construct blending surfaces
as done in [7] as long as condition (1) is satisfied.

3.3. A working example
An example is given to show how to solve the problem in practice. We will show how

to blend a helicoid and a cubic implicit surface with the method introduced above. The
representation of the helicoid is:

r(v, α) = (f(v)sinα, f(v)cosα, g(v) + bα)
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where α ∈ (0, 2π), v ∈ [c, d], f(v) and g(v) are continuous functions in v. Here, let f(v) =
v, g(v) = 2, b = 1, and α ∈ (0, π), v ∈ [0, 4]. We choose a curve segment r(v, 0), v ∈ [0, 4] as
the blending boundary. Re-parameterize it as follows

C1(s) = (0, 4s, 2), s ∈ [0, 1]. (6)

Use Formulae (4) in Section 3.2, we can get:

C11(s) = C1(s) + l1(s)
−∂r(v, α)

∂α
|v=4s,α=0 = (−4 s l1(s), 4s, 2− l1(s)), s ∈ [0, 1].

Here l1(s) can be used to adjust the shape of the blending surface.
The given implicit surface is:

F (x, y, z) = x3 + y + z2 + 4z + 5 = 0,

The boundary curve is the intersection curve of F (x, y, z) = 0 and the cutting plane:

z − 2 = 0.

We choose one part of the intersection as the blending boundary. And parameterize it such
that it has a same variable s as appeared in Equation (6).

C2(s) = (u,−17− u3, 2).

Where u = −211/3 + (211/3 − 171/3)s, s ∈ [0, 1]. The normal vector of the given surface is:

(
∂F

∂x
,
∂F

∂y
,
∂F

∂z
) = (3x2, 1, 2(z + 2)).

We can get the normal vector of F (x, y, z) = 0 on the blending boundary:

N(s) = (3u2, 1, 8), u = −211/3 + (211/3 − 171/3)s,

where s ∈ [0, 1]. Use Formulae (3), we have

C22(s) = C2(s) + l2(s)N(s)× ∂C2(s)
∂s

= (u + 24(211/3 − 171/3)u2l2(s),−17− u3 + 8l2(s), 2− l2(s)(9(211/3 − 171/3)u4 + 1)).
(7)

Here u = −211/3 + (211/3 − 171/3)s, s ∈ [0, 1]. Now Equation (5) gives the blending
surface. Let

l1(s) = l2(s) = 1.

Then we can obtain the blending surface with the following representation. It is a polyno-
mial.

P (s, t) = (−12t(1− t)2s + 3t2(1− t)(u + 24(211/3 − 171/3)u2) + t3u,
4(1− t)3s + 12t(1− t)2s− 3t2(1− t)(9 + u3)− t3(17 + u3),
(1− t)((1− t)(2 + t) + 3t2(1− 9(211/3 − 171/3)u4)) + 2t3).

(8)

Here u = −211/3+(211/3−171/3)s, s ∈ [0, 1]. Figure 2 shows the blending surface in different
directions.
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Fig. 2. Blending of a helicoid and a cubic implicit surface

4. Shape control of the blending surface

Comparing to other methods, flexible shape control is one of the main advantages of our
method. In this section, we will discuss how to avoid self-intersection and how to adjust the
shape of the blending surfaces.

When we parameterize the blending boundaries, we must pay attention to the directions
of the tangent vectors of the boundary curves. The case shown in Figure 3 is not allowed for
our problem. It will cause self-intersection of the blending surfaces.

C1(0)

C1(1)

S 1 s

C2(1)

s

C2(0)

S 2

Fig. 3. The error direction of parametrization

Assume that Ni(s), C ′
i(s)(i = 1, 2) in Equation (3) are unit vectors. For this purpose, we

can define

Ni(s) =
Ni(s)
‖Ni(s)‖ , C ′

i(s) =
C ′

i(s)
‖C ′

i(s)‖
.

Then li(s) is the distance between Ci(s) and Cii(s). When li(s) is too large, the curvature
of the Bézier curve defined by Equation (5) varies too fast to make the blending surface
self-intersect. To avoid the self-intersection, we could adjust the adjusting functions li(s).
The functions can also be used to adjust the shape of the blending surfaces. We will show
how to construct adjusting functions below.

In order to make the shape control more convenient, we can set several data pairs

(s1, li(s1)), (s2, li(s2)), ..., (sn, li(sn)).
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Where sj(j = 1, 2, ..., n) ∈ [0, 1], i = 1, 2. We can construct a positive adjusting function
using these data pairs. When we change the value of li(sj), the shape of the blending surface
will be adjusted.

For instance, when j=3, we can get the following adjusting function

li(s) := ai ∗ s2 + bi ∗ s + ci,

where ai, bi, ci are the solutions for the equations:

ai ∗ s2
j + bi ∗ sj + ci − li(sj) = 0, i = 1, 2, j = 1, 2, 3.

Figure 4 shows two blending surfaces with different shape obtained in this way. In this case

Fig. 4. The blending surface of two cylinders with different parameters

j = 2 and we need to select two data pairs. Let

li(θ) = (lmaxi − lmini)
1− cos(θ)

2
+ lmini, θ ∈ [0, 2π)

where lmini, lmaxi are parameters used to adjust the shape of the blending surface. For
instance, the two diagrams in Figure 4 are obtained by adjusting the parameters lmini,
lmaxi.

Parameters λi(i = 1, 2) in Formulae (3) can also be used to adjust the shape of the
blending surface.

If we add another control point C0(s) to construct the Bézier curve in Equation (5), the
shape of the blending surface is more easy to be adjusted. The blending surface is:

P (s, t) = C1(s)B0,4(t) + C11(s)B1,4(t) + C0(s)B2,4(t) + C22(s)B3,4(t) + C2(s)B4,4(t) (9)

Here s, t ∈ [0, 1]. C0(s) is a space curve defined by the user. It also connects two surfaces to
be blended with G1-continuity. It is designed to adjust the shape of the blending surface.

The blending surface shown in Figure 5 is defined by Equation (9). It is a blending
surface of two parts of the same pipe. The blending surface is bent so that it will not collide
with another cylinder.

Figure 6 shows the blending surfaces between two cylinders. Their blending boundaries
are the intersection curves of the given cylinders with an elliptic cylinder which are nonplanar
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Fig. 5. The blending surface of two parts of a same cylinder around another cylinder

curves. The two blending surfaces in Figure 6 are defined by Equation (5) and Equation
(9) respectively. The blending surface defined by Equation (5) intersects with itself. After
using another control curve C0(s), which is a circle, we obtain a smooth blending surface, as
shown in the right hand side of Figure 6.

Fig. 6. two different blending surfaces between two cylinders with same parameters

5. Complete solution to two classes of problems

As mentioned in Section 3, our method assumes that the boundary curves or curve
segments are in parametric form. In this section, we show how to find the parametrization
for the boundary curves of two classes of surfaces.

For the general cases where exact parametric boundaries do not exist, we may try to
approximate the intersection curves with rational functions. Some work on finding the
intersection curves can be found in [1, 3, 11, 19].

5.1. Blending two quadratic surfaces
The intersection curve defined by a plane and a quadric surface is a quadric planar curve.

It is easy to be parameterized [16, 22]. So we can get the blending surface of two quadratic
surfaces with planar boundaries easily. There exist many methods to find the blending
surface for two quadratic surfaces with planar boundaries. Most algebraic methods were
looking for implicit algebraic blending surface with the lowest degree, but there were some
limitative conditions when doing so in most cases. You can find it in Wu and Wang’s method
[29] or Wu and Zhou’s method [28]. This kind of blending problem can be solved by our
method without limitation.

We have implemented a software package of blending two arbitrary closed quadratic
surfaces (elliptic cylinder, elliptic cone, elliptic paraboloid, ellipsoid, hyperboloid of one
sheet, hyperboloid of two sheet). The boundary curves are planar. The shape of the blending
surfaces can be adjusted by the user freely. The interface of our software is given in Figure
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Fig. 7. The interface of our blending software package

7. After the user inputting two quadratic surfaces and their relative position, the software
package may automatically generate the blending surface. The user may use four sliders to
adjust the shape of the surface. When the user moves a slider, the shape of the surface will
change continuously. The surfaces in Figure 4 are obtained in this way. Figures 4, 8, 9, 10
are all generated by our software.

Finding the intersection curves of two quadratic surfaces have been studied extensively
[8, 16, 17, 18, 20, 22, 25, 27]. Partial parametrization methods of the intersection curve are
introduced in Wilf and Manor’s paper in Wang’s paper [25, 27]. In what below, we give
a practical method to find the parametrization of the intersection curves of two quadratic
surfaces. As a consequence, our method given in Section 3 can be used to find blending
surfaces between two quadratic surfaces along boundary curves which are intersections of
two quadratic surfaces.

Given two quadratic surfaces, their axes could be in a same plane or not. Assume that
the angle formed by the two axes is α. F1(x, y, z) = 0, F2(x, y, z) = 0 are the standard
forms of the given surfaces. Without loss of generality, we can assume that one surface has
a standard form and its axis is X-axis, the other one has the following representation

F2(cos α(x− d1)− sinα(y − d2), sinα(x− d1) + cos α(y − d2), z − d3) = 0. (10)

Here (d1, d2, d3) is the center of the surface. Following the steps below, we can obtain the
parametric form of the intersection curve.
step 1. Parameterize F1(x, y, z) = 0 as

S(s, t) = (x(s, t), y(s, t), z(s, t)).
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Fig. 8. Blending of a elliptic cone and a
hyperboloid of one sheet

Fig. 9. Blending of two ellipsoids

Fig. 10. Blending of an elliptic cone and a hyperboloid

step 2. Substitute S(s, t) into Equation (8), and solve it as an equation in variable t or s. In
most cases, the degree of the equation in variable t or s is two, but in some cases, it is four.
step 3. After studying the shape and structure of the intersection of two surfaces using the
method introduced in Wilf and Manor’s paper [27], we can decide which real roots to choose.

Here is an example.

F1(x, y, z) = −x2

9
+

y2

4
+ z2,

F2(x, y, z) = x2 +
y2

9
+

z2

16
− 1.

α = π
4 , d1 = 0, d2 = 0, d3 = 0. Following the first step, we can get the parametric form of

F1(x, y, z) = 0.

S(t, θ) = (t,
2t

3
cos θ,

t

3
sin θ), t ∈ (−∞,+∞), θ ∈ [0, 2π).

Substitute S(t, θ) into Equation (10), we can get a quadratic equation in variable t. Solving
it, we get two roots.

t1,2 = ±36

√
1040− 768 cos(θ)− 311 sin(θ)2)

491776− 57056 sin(θ)2 + 96721 sin(θ)4
. (11)

The positive and negative roots denote two parts of the intersection respectively. We can
choose one real root whose corresponding intersection part towards the other surface to be
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blended. We get the parametric representation of the intersection curve. The method also
handles planar intersections as well.

Fig. 11. The blending surface of two ellipsoids (intersections defined by the ellipsoid and
an elliptic cylinder)

Some blending problems with nonplanar intersections between quadratic surfaces are
given in the paper, as shown in Figures 6, 11, 12. The intersection curves of Figure 12 are
defined by a hyperboloid of one sheet and a hyperboloid cylinder, an elliptic cylinder and a
paraboloid cylinder respectively.

Fig. 12. The blending surface of hyperboloid of one sheet and an elliptic cylinder

In the methods using implicit algebraic surfaces to blend quadratic surfaces with nonpla-
nar boundaries, the degree of the blending surface is so high that it is difficult to implement
in practice. Willner and Pottmann solved the blending problems between quadratic surfaces
with rational parametric blending surfaces [24]. The boundary curves in their method were
not appointed but found by the method. It does not belong to the blending problems with
giving boundaries.

5.2. Blending two parametric surfaces
If the given surfaces to be blended have parametric forms, we can choose the blend-

ing boundaries as follows. Assume that the given surfaces are S1(p, q), S2(u, v), (p, q) ∈
D1, (u, v) ∈ D2, Di , [ai, bi] × [ci, di], ai, bi, ci, di ∈ R, i = 1, 2. We will connect two surfaces
with G1-continuity at S1(p0, q), S2(u0, v) respectively. After re-parameterizing the blending
boundaries as S1(p0, q(s)), S2(u0, v(s))(s ∈ [0, 1]), we can get the general blending surface by
Equations (2), (4) and (5), where

V1(s) =
∂S1(p, q)

∂p
|p=p0,q=q(s), V2(s) =

∂S2(u, v)
∂u

|u=u0,v=v(s),



26 J. Cheng and X.S. Gao

C ′
1(s) =

∂S1(p, q)
∂q

|p=p0,q=q(s), C
′
2(s) =

∂S2(u, v)
∂v

|u=u0,v=v(s).

Let C(t) := [x(t), y(t), z(t)], t ∈ [t1, t2] be a regular space curve and e1(t), e2(t) orthonormal
vectors in the normal plane at point C(t), and r(t, θ), t ∈ [t1, t2], θ ∈ [0, 2π] a positive real
function. Then a surface with parametrization

S(t, θ) := C(t) + r(t, θ)(e1(t) cos(θ) + e2(t) sin(θ)), t ∈ [t1, t2], θ ∈ [0, 2π] (12)

is a closed surface.

Fig. 13. The blending surface of a closed surface and a torus

Many surfaces can de defined by Equation (12). When r(t, θ) = r(t), it is a normal ringed
surface in [10]. All closed quadratic surfaces can be defined by this function. We will give
an example of blending two closed surfaces. One is a torus, the other is defined by Equation
(12). Here

C(t) := (t2 + 8, t + 7,−t + 2), t ∈ [0, 2].

r(t, θ) := t2 sin(θ)2 + cos(θ) + 2, t ∈ [0, 2], θ ∈ [0, 2π]

which is shown in Figure 13.

6. Conclusion

A method for constructing parametric blending surfaces between two arbitrary surfaces
is introduced in this paper. The blending surface is defined by a collection of curves and
has a parametric representation. It connects the given surfaces with G1-continuity. The
surfaces to be blended are not restricted to any particular type of surface form as long as
they have regular blending boundaries. An advantage of the method is that one can easily
get the blending surfaces with the given conditions without complicated computation. The
shape of the blending surfaces can be adjusted by changing some given parameters. The
blending problems between two quadratic surfaces and between two parametric surfaces are
solved completely. A software package for blending two closed quadratic surfaces with planar
boundaries is implemented, which can be used to generate and manipulate the blending
surfaces dynamically.

The method can also be extended to solve other blending problems. We will introduce
them in our later work. For instance, Figure 14 shows an n-way blending problem which is
solved by inserting a sphere and then constructing blending surfaces between the sphere and
the surfaces to be blended.
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Fig. 14. A sphere connects three closed surfaces
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