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Abstract

This paper presents several improvement to the meta-
morphosis of soft objects built from convex polygonal skele-
tons method proposed in [7]. First, we analyze the creation
of amorphous intermediate shapes process, and propose
to use local coordinate systems associated to each compo-
nent so as to control both the dimension of the intermediate
skeletons and tune the trajectory path of elements during
the transformation with a view to avoiding an over concen-
tration of components.

The control of blending is also a difficult issue : two
non-blending components of an initial soft object may be
transformed into two blending components of a final ob-
ject as a result of the matching process. Thus, we propose
an original blending graph metamorphosis technique as
well as blending functions interpolation schemes that gen-
erate smooth transitions between different blending states.
Eventually, we address the computation of the global field
function of a soft object whose graph holds heterogeneous
blending relationships, which may arise during the trans-
formation, and propose a generic formula fully compatible
with our metamorphosis model.

Keywords : animation, blending graph, blobs, implicit
surfaces, Minkowski sums, metamorphosis, skeletons, soft
objects.

1 Introduction

Implicit surfaces have proved to be particularly efficient
for modeling smooth objects of any topology. They have
been successfully used in physically based simulation as
well as in descriptive animation systems. Although a vast
variety of metamorphosis techniques have been proposed
for polygonal models, only a few attempts have been made
concerning soft objects.

Several heuristics for matching and interpolating soft ob-
jects based on skeletal elements have been proposed in [19],
those techniques may be split into two categories : tech-

niques matching elements according to their position in
space (cellular matching), and techniques that require extra
information about the elements (hierarchical matching). A
pre-processing step ensures that both initial and final shapes
share the same number of components by creating null com-
ponents whenever necessary. The correspondence process
matches those components bijectively, and the transforma-
tion is defined by evaluating the surface generated by inter-
polating the skeletons position and field intensity, which are
the main varying parameters.

However, this method suffers from two major limita-
tions : it may not match components of different skeleton
types, and components must be bijectively paired.

As described in [13], the correspondence process may
be avoided by directly interpolating the field functions of
the initial and the final shapes, however, this method is
somewhat similar to the surface in-betweening technique
addressed in [19] and lack control over the transformation.

We have proposed another metamorphosis technique for
soft objects built from skeletons in [7]. The key feature is
that the whole transformation is characterized by a generic
soft object model whose instanciations throughout time in-
terpolate the initial and the final shapes. Skeletons may be
convex polygonal shapes of whatever dimension, i.e. points,
line segments, convex polygons or convex polyhedra, and
we rely on linear interpolation based on Minkowski sums
[11] so as to create time varying skeletons. We restrict
our distance and potential functions to a parametrized class
model of functions so as to characterize intermediate func-
tions as specific members with interpolated parameters and
avoid complex formulations, this technique also enables us
to preserve the shape coherence of intermediate shapes.

Although the Minkowski sum implicitly combines con-
vex polygonal shapes, it also implicitly generates a trajec-
tory path for each component, which may result in crossing
components and yields weird intermediate shapes, more-
over, the Minkowski sum may also increase the dimension
of the resulting intermediate skeletons, e.g. the transition
between two non colinear line segments generates a deform-
ing polygon. Both those effects may appear as undesirable,



and we propose an alternative technique that controls both
the dimension of the intermediate skeletons and their trajec-
tory path during the transformation.

Although soft objects provide implicit blending proper-
ties, achieving control so that blending occurs only when it
is desirable still remains a difficult issue. A general solution
consists in defining a blending graph between the different
components of a soft object, and stating that an element’s
field only blends with the contributions of linked elements.

Although articulated structures preserve their blending
graph throughout the animation, a metamorphosis step may
involve the transformation of this blending graph : two non-
blending components of an initial soft object � may be re-
spectively matched with two blending components of a fi-
nal object � . A first straight forward technique avoids the
computation of an intermediate time varying graph : since
both initial and final split soft objects share the same com-
ponents, the time varying potential field is defined as the
interpolation of two other fields generated by the set of time
varying components linked by the initial and the final blend-
ing graphs.

A second technique addresses the characterization of a
generic intermediate blending graph whose arcs hold mixed
blending relationships between components : each arc of
the graph holds the interpolation of an initial and a fi-
nal blending function, which leads to highly heterogeneous
blending graphs. Therefore, we propose an original tech-
nique for computing the potential field at a point of space
that copes with heterogeneous graphs.

The remainder of this paper is organized as follows : we
recall the basic features of our soft object metamorphosis
technique in section 2, and present the control of intermedi-
ate shapes in section 3. We eventually address the transfor-
mation of blending graphs in section 4.

2 Fundamental concepts

In this section, we define several notations and recall the
principles of our soft object metamorphosis technique pre-
viously developed in [8].

2.1 Soft objects

Throughout this paper, soft objects will refer to implicit
surfaces built around skeletons [17, 3]. A soft object �
is generated by summing the influences of ��� scalar field
components (also referred to as elements) ���
	���
���������� as-
sociated to their skeletons ���
	 . The global potential field� � ��
���������� of an object � may be defined as :

� � ��
������������ � �"!$#% �&��' � � 	���
����������

The surface of the object may be characterized from
this global potential field � � ��
����(����� as the points of space
whose potential equals a threshold value denoted )�� .* �,+�-.��
����������0/21435��� � ��
������������6) �87

Although skeletons may be of any type [3], we re-
stricted them to convex polygonal shapes of any dimen-
sion for some reasons that will be discussed in the next
section, throughout this paper, skeletal elements will re-
fer to points, line segments, convex polygons and convex
polyhedra. Each component contributing to the global field
function � � ��
���������� may be split into a distance function9 � 	���
����(����� and a potential function � � 	���:;� , where : stands
for the distance to the skeleton [2]. We will refer to the
following notation :� � 	���
������������<� � 	�= 9 � 	>��
����������

Thus a component � � of a soft object � will be fully
characterized by its skeleton � � 	 , its distance function9 � 	���
����(����� and its potential function � � 	���:;� , and denoted
as ?>� � 	�� 9 � 	���
����������>�@� � 	���:;��A .

2.2 Minkowski sums

As mentioned in the introduction, our soft object meta-
morphosis technique strongly relies on the transformation
of polygonal skeletons bearing the implicit surfaces. We
have proposed to use the metamorphosis technique based
on Minkowski sums that copes with polygonal shapes of
any dimension.

Whenever the argument shapes � and � are convex, the
topology of the intermediate convex shapes �@B�CED����GFHD@� re-
mains unchanged throughout time (there is neither creation
nor destruction of vertices, edges or faces). Any vertex I�J
of K may be written as ILJM�NI5�OFPI5Q , IL� and ILQ are
said to be the parent vertices of I(J , and the relationships
between IL� , ILQ and ILJ is unique [14, 11, 6].

We recall the following fundamental results [7] that char-
acterize our soft objects skeleton metamorphosis. The poly-
tope KR�S�<FT� may be defined as the convex hull of the
vertices I J provided argument polyhedra are convex (fig-
ure 1), the transformation may be characterized by a generic
topology, whose geometry is defined in terms of a reference
table between the vertices of K and the parent vertices of �
and � .

Throughout this paper, the topology will be denotedU ���PF6��� , and the reference table VW�X�PFY�Z� , both may
be created once and for all. Straight forward techniques
consist in building the convex hull of candidates verticesI5J[�\I5�]F6ILQ , and require ^_�X�Z�a`b�ZQc`d� computational
time, where � � and � Q stand for the number of vertices
of � and � . Accelerated techniques that take advantage of
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Figure 1. Parent vertices of the Minkowski sum �eFO�
the topology of argument polyhedra have been proposed [7]
and lower the overall complexity to � Jgf�h �X� J � , where � J
stands for the number of vertices of K .

2.3 Soft object metamorphosis

In [8], we have proposed to characterize the whole trans-
formation by a generic soft object model whose instancia-
tions interpolate the initial and the final shapes throughout
time. We recall here the main steps of the method.

Given a rough graph of correspondence matching parts
of the initial and the final shapes � and � , i.e. sets of
components � � and �Ei , we split the components of those
shapes into sub-components jlk��X� � � and jmkn���Eid� with a view
to creating a new graph bijectively matching those sub-
components 1. Initial and final components that are not
matched involve the creation of specific null components.

Since the splitting of skeletons into convex sub-skeletons
leads to unwanted bulges [4], we have proposed to keep
the skeletons unchanged and to split the potential functions
into sub-functions. Therefore, the skeletons �4o�pmq � 	�r and��o@pmq Q�s r are the same as ���
	 and ��Q s . The distance func-
tions

9 o@pmq � 	�r ��
���������� and
9 o@pmq Q�s r ��
���������� are also the same

as
9 � 	b��
���������� and

9 Q�s ��
���������� , whereas the potential func-
tions ��o@pdq � 	�r ��:;� and �to@pdq Q�s r ��:;� are weighted replications of� � 	���:;� and � Q�s ��:;� , which preserves shape :u �to�pdq � 	�r ��:l�8�<v � k �w�
	���:;��to p q Q s r ��:l�8�yx�k�ib� Q�s ��:;�

Several heuristics for computing those weights v � k andx(k�i have been proposed, a straight forward technique may
consist in setting weights as follows : v � kT�zBl{l� � 	 andx k�i �|Bl{l�ZQ s where �Z�
	 and �}Q s refer to the number of
components linked with the initial and final components � �
and � i respectively.

1The set of indexes ~ of target components ��� associated to an initial
component �4� will be denoted as �5�&��� , and �m� ~d� will refer to the set of
indexes � of source elements �$� linked with final components ��� respec-
tively.

An intermediate sub-component K � i���D�� is associated to
each graph link, and intermediate shapes are defined by
summing their influences. Each intermediate componentK � i���D�� is characterized by :� a time varying skeleton � J 	 s q�� r , defined as the linear

interpolation based on Minkowski sum of the skele-
tons of the initial and final associated sub-components� J(	 s q�� r ���@B�C�D���� � 	"F]D�� Q�s ,� a time dependent distance and potential functions9 JL	 s q�� r ��
���������� and � JL	 s q�� r ��:l� that interpolate their ini-
tial and final counterparts.

Since argument skeletons are convex polygonal shapes,
the linear interpolation based on Minkowski sums implicitly
creates a generic skeleton that smoothly interpolates the ini-
tial and the final skeletons, whatever their dimension [6, 7].

Figure 2. Metamorphosis between a bear and a bird

Since directly interpolating distance and potential func-
tions generates complex formulations, we tackle the trans-
formation problem by defining a class of parametrized func-
tions and characterizing intermediate functions as specific
members with interpolated parameters. Thus, we achieve
a concise generic representation that preserves their shape
coherence.

The transformation may be characterized by the evolu-
tion of intermediate components K � it��D�� associated to each



pair of initial-final sub-components ��� � ���Eid� . Thus, inter-
mediate shapes may be defined by their global field function
as follows :� J q�� r � �&��!$#% �&��' %i>�t� q � r � J 	 s q�� r � �&�"!4�%i ��' %� �w� q i�r � J 	 s q�� r

The surface of intermediate shapes is defined as the
points of space whose potential equals an intermediate
threshold value ) J q�� r that interpolates the initial and the fi-
nal thresholds )
� and )
Q .

The overall generic representation of the transformation
enables us to iteratively and efficiently combine several in-
terpolations so as to define a Bézier-like metamorphosis
where control knots are replaced by control soft objects.

3 Shape and path control

In the method proposed in [8], the only way to control the
transformation was to modify the graph of correspondence
matching initial and final shapes, or to curb the splitting of
potential functions by altering the weights. However, inter-
mediate amorphous blobby shapes (figure 3) may arise dur-
ing the transformation whenever the following conditions
are met :� the interpolation based Minkowski sum implicitly gen-

erates a path for each component, therefore compo-
nents may cross during the transformation which may
generate weird intermediate shapes,

Figure 3. Direct metamorphosis of two shapes re-
sulting into amorphous intermediate stages

� although the Minkowski sum implicitly combines con-
vex polygonal shapes, it may also increase the dimen-
sion of the resulting intermediate shapes, e.g. the tran-
sition between two non colinear line segments generat-
ses a deforming polygon, and the Minkowski sum two
non-colinear line segment generates a deforming poly-
gon.

Both those effects may appear as undesirable, and we
propose an alternative technique that controls both the di-
mension of the intermediate skeletons and their trajectory
path during the transformation.

3.1 Transformation of skeletons

In [8], we used to create the Minkowski sum of the skele-
tons ���
	 and ��Q s of the components � � and � i by creating
the convex hull of the vertices IL� # 	 FyI�� � s whose coordi-
nates where taken in the world coordinate system, denoted
as ��� , which provided no control over the transformation,
the deforming skeleton � J 	 s q�� r used to be defined as :� J(	 s q�� r>� ��� ���@B�C�D���� � 	 � ��� FOD�� Q�s � ���

We propose that a local coordinate system should be
linked to the skeleton of each component, thus a component� � of a soft object � will be fully characterized by its co-
ordinate system � � 	 , its skeleton � � 	 , its distance function9 � 	���
����(����� and its potential function

� � 	���:;� , and referred
to as ?d���
	��@���
	�� 9 �
	>��
����������>� � �
	���:;��A .

Given two soft objects � and � , we define the transfor-
mation between two skeletons ���
	 and ��Q s as follows :� J 	 s q�� r>� V J 	 s q�� r ���@B�C�D������
	 � � � 	 FOD���Q s � � Q�s

The Minkowski sum is created in a time varying ghost
coordinate system, denoted as V J 	 s q�� r , with the only very
constraint that it should interpolate the initial and the final
coordinate systems ���
	 and ��Q s . We address the transfor-
mation of those coordinate systems in the following section.
The choice of a local coordinate system associated to the
skeletons � � 	 and � Q�s provides the animator with a wide
span of visual effects.

The process may be automated with a view to systemat-
ically reducing the dimension of the varying skeletons, e.g.
a straight forward heuristic may consist in assuming that
all line segments skeletons � � 	 are along the �X^����@� axis of� � 	 , and that all polygons are in the ��^������� �� plane of � � 	 .
3.2 Trajectory control

Given an initial and an final coordinate systems � � 	 and� Q�s , characterizing intermediate steps may be achieved by
several interpolation techniques. A complete overview is
beyond the scope of this paper, however we briefly present
the technique we rely on.

Interpolating ���
	 and ��Q s may be achieved by key-
framing techniques where the animator defines control in-
termediate coordinate systems (figure 4). The path followed
by the origin of the coordinate system V J 	 s q&� r may be cre-
ated thanks to a vast variety of splines, whereas the smooth



Figure 4. Metamorphosis of two shapes with local
coordinate systems

interpolation of the orientations involves quaternion slerp-
ing [16, 1].

4 Metamorphosing a blob with a graph
structure

A very interesting feature of soft objects is their blend-
ing property, however, achieving control so that the blend-
ing occurs only when it is desirable or specifying specific
blending types requires the use of a tree or a graph charac-
terizing the blending relationships between elements.

In this section, we address two kinds of graphs : non-
blending graphs that characterize a boolean relationships
between argument components by specifying which parts
of a soft object should or should not blend, and heteroge-
neous blending graphs that characterize the different blend-
ing types involved in the computation of the potential field,
e.g. union-like blends or super-elliptic blends.

Before any further explanations on the metamorphosis of
soft objects bearing a graph structure, we address the out-
comings of the splitting process over the graphs’ structure
defining the blending relationships in the next section.

4.1 Graph splitting

In this section, we consider two initial and final soft ob-
jects � and � with blending graphs denoted as ¡
� and ¡(Q
respectively whose arcs, denoted as pairs of elements � �
and � �&¢ , bear the blending relationships £ � �&¢ ��� � ��� � ¢ � and£ i¤i ¢ ��� i ��� i ¢ � respectively. 2

We recall that the first step of our metamorphosis tech-
nique consists in splitting an original graph of correspon-
dence matching elements of � and � with a view to creat-
ing a generic representation of the intermediate soft object.
In this step, we create a new representation of � and � with

2The relationships between components have been set to integer values
out of simplicity, relationships with a 1 mark stand for the standard sum of
argument primitives.

split components K � i���¥�� and K � i���Bd� respectively. Thus, we
also split the graphs ¡ � and ¡ Q so as to achieve a new rep-
resentation with split components K � i ��¥�� and K � i �@Bm� , the
links are created according to the following rules :� create blending arcs whose blending function is the

sum of argument components’ field functions between
elements K k � �X¥t� and K k�i �X¥t� , i.e. that have been cre-
ated from the same initial component � k , and create
same blending links between components K � kn��Bd� andK�i�k���Bd� , i.e. that have been created from the same final
component �¦k respectively,� replicate the link type between two different elementsK � i ��¥t� and K k�§ ��¥�� so as to preserve the arc between
elements � � and � k , and replicate the link type be-
tween elements K � i ��Bd� and K k�§ �@Bd� according to the ex-
isting arc between elements � i and � § , this preserves
the blending type.

Thus, the graphs ¡�� and ¡(Q are split into new graphs
denoted ¡ J q � r and ¡ J q ' r respectively that characterize the
blending type of components K � i���¥�� and K � it�@Bd� so thatK_��¥�� and K_��Bd� should be the same as � and � respectively.

4.2 Non-blending graph transformation

A very interesting feature of soft objects is their blending
property, however achieving control so that the blending oc-
curs only when it is desirable still remains a difficult issue
widely addressed [12, 5, 10]. A general solution consists
in defining a blending graph between the different compo-
nents of a soft object, and stating that an element’s field only
blends with linked elements.

Although articulated structures preserve their blending
graph throughout the animation, a metamorphosis step may
involve the transformation of this blending graph : two non-
blending (respectively blending) components of an initial
soft object � may be respectively matched with two blend-
ing (respectively non-blending) components of a final ob-
ject � . Thus, we address the characterization of smooth
transitions between blending and non-blending states.

During the splitting step, primitives of the initial and the
final shapes are split and the new links are created, however,
splitting the original blending graph only creates new links
bearing a boolean flag specifying whether two primitives
should or should not blend, therefore, the new split graph
still remains valid in the sense that the potential field may
be computed at whatever point of space.

We recall that the interpolating soft object K_��D�� shares
the same components as the initial and the final split soft
objects K_�X¥t� and K_�@Bm� , therefore, the initial and the final
split graphs patterns ¡ J q � r and ¡ J q ' r may be associated to
intermediate components, which results in the creation of



two soft objects’ fields that may be defined as
� JL	 s q�� r�¨ ©lªn«­¬�®

and
� JL	 s q�� r�¨ ©lªn«�¯X® . Interpolating those fields as well as the

initial and the final threshold values smoothly interpolates
soft objects � and � . It is worth noticing that the interme-
diate soft object K_��D�� has no specific graph ¡ J q�� r , and we
will refer to the following notation : ¡ J q�� r �6¥ .� J(	 s q&� r�¨ � �,��B�C°D�� � J(	 s q�� r¤¨ ©lª�«±¬�®
² � J(	 s q�� r¤¨ ©lª�«&¯�®

The algorithm for computing this field value is straight
forward and may be split into three steps :� compute each component’s contribution

� J 	 s q�� r ,� compute the intensities
� J(	 s q&� r�¨ ©lªn«­¬�® and

� JL	 s q�� r�¨ ©lªn«�¯X® ,
taking both graph ¡ J q � r and ¡ J q ' r into account suc-
cessively,� interpolate the resulting intensities.

This technique creates a generic dependency between the
intermediate soft objects and the initial and final shapes.

4.3 Heterogeneous blending graph transforma-
tion

So far, blending graphs have been used to define un-
wanted blending relationships between elements, we pro-
pose to use them with a view to defining specific blending
properties between pair of components � � and �Ei through
blending types £ � i and blending functions referred to as£ � it� � � 	�� � Q�s � .

Although sum blending, which may be defined as the
sum of intensities generated by two elements, have been
widely used, several other techniques have been proposed,
either in the scope of bulge elimination [4] or in the scope of
real function modeling [13]. The traditional blending func-
tion is the simple sum of argument potential fields, whereas
the union of two components may be achieved by taking the
maximum value of argument primitives [13]. Other blend-
ing functions may be addressed, for example super-elliptic
blending functions [18, 3, 4] may be defined as follows :£ � it� � � 	�� � ��s �c�M³ � � 	@´ ² � ��s ´�µ '�¶ ´

Note : super-elliptic blends generate intermediate blend-
ing properties between the sum and the union, i.e. increas-
ing the exponent smoothly reduces the blending bulge.

In this section, heterogeneous blending graphs will re-
fer to the graph of a soft object whose blending relation-
ships, i.e. blending functions, between elements are dif-
ferent, whereas homogeneous blending graphs will refer to
traditional blending that generally only involves the sum of
contributing elements’ intensities.

In the following sub-sections, the potential field of a soft
object � will be fully characterized by the set of its compo-
nents � � , its graph ¡�� , and denoted as

� �
	 ¨ © # ��
���������� , the
soft object itself includes a threshold value )�� , and will be
referred to as ? � �
	 ¨ © # ��
����(�����>��)
�cA .

Different blending operators may be coded as nodes in a
tree so as to combine primitives much like CSG operators
operate on solid primitives : this is a function representation
of solids [15, 13] that defines solid shapes as a equipoten-
tial representation of a complex potential field generated by
combining several primitives.

As mentioned earlier, the metamorphosis of the so de-
fined initial and final shapes may be achieved by avoiding
the correspondence process and by directly interpolating the
field functions of the initial and the final shapes [19, 13].
In certain cases, the tree representation of both initial and
final shapes and the graph of correspondence may yield a
time varying interpolating tree However, interpolating two
soft objects based on a tree representation of primitives with
any kind of graph of correspondence proves to be in general
impossible.

Therefore, we propose to transform initial and final
shapes’ trees into graphs whose arcs will bear the hetero-
geneous blending relationships, and apply our graph split-
ting technique. The overall algorithm may be split into four
steps :� create the graphs ¡ � and ¡ Q from the trees

U � andU Q of � and � by distributing the relationships at the
nodes of the trees to the arcs of the graph,� split the graphs ¡ � and ¡ Q so as to achieve the new
graph representation ¡ J q � r and ¡ J q ' r ,� create both the generic graph and the soft object mod-
els characterizing the transformation between K_��¥��
and K_�@Bm� ,� define the whole metamorphosis as a three step trans-
formation : first transform � into K_��¥�� by interpolat-
ing the potential fields, then transform it into K_�@Bd� , and
eventually transform this shape into � through direct
interpolation of the potential fields.

We call this technique weak graph interpolation for the
very reason that we transform the difficult tree interpola-
tion problem into a more straight-forward graph interpola-
tion problem (figure ??).

4.3.1 Heterogeneous blending functions

Heterogeneous blending relationships between components
makes it difficult to characterize the potential field as a K �
continuous function. Thus, we propose an adapted formula
that defines the potential field as a weighted sum of the



blending functions involved in the heterogeneous graph and
creates a K � continuous function.

Several techniques for computing the field function of
a soft object involving a blending graph have been pro-
posed [12, 5, 10]. However, those techniques focus on non-
blending relationships, and do not cope with heterogeneous
blending graphs. In this section, we wish to compute the
potential field at a point of space -.��
���������� that belongs to
the area of influence of a set of skeletons which blend one
another with heterogeneous blending schemes. The very is-
sue is to characterize heterogeneous blending relationships
between components through a generic formula with a view
to preserving the overall genericity of the metamorphosis.

In this section, we consider a soft object � with its blend-
ing graph ¡�� whose arcs ��� � ��� i � involve a specific blend-
ing function £ � i � � �
	�� � � s � , and address the computation of
the potential field

� �8��
����(����� at a point -.��
���������� of space
that is within the range of influence of � components � � of� . ·¸�
	 refers to the radius of influence of the element � � ,
and : � refers to the distance between - and the skeleton� � 	 .

ΣA
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b 3

b 2

A3

Figure 5. Computation of the resulting potential field
with three elements involved in a heterogeneous weak
blending graph

Since we wish to create a K � continuous function, we
want the blending relationships level £ � it� � � 	�� � ��s � to lose
influence whenever -.��
���������� comes closer to the border
of elements � � and ��i (figure 5). Thus, we propose to
use the following border distance decreasing function as a
weighting function :

¹ � �Nº�B�C.» :¼�
	· � 	l½ `b¾ `
With those notations, we define

� � ��
���������� as :

� � �
! #�¿ '% � ��' i �"!4#%i �"� À�' ¹ � ¹ i¼ÁÂ³ � � 	�� � ��s µ!$# ¿ '% � ��' i �"!4#%i ���&À�' ¹ � ¹ i

Note :
� � ��
����(����� is a K � continuous function if the

blending functions £ � it� � � 	�� � ��s � as well as the potential
functions

� � 	���
���������� are also K � continuous. Moreover,
we think that this formulation could provide K '

continuity
provided the blending functions £ � i � � �
	�� � � s � should prove
to be K '

continuous, however this assumption has not been
rigorously demonstrated yet.

We point out that whenever the blending functions£ � i � � �
	�� � � s � are the standard blending sum operation, i.e.£ � it� � � 	�� � ��s ��� � � 	 ² � ��s , the resulting potential field� � ��
���������� given by the above formula slightly differs from
the expected formula :� � ��
����(������� k �"!4#%k ��' � � p ��
����(�����
if the number of components influencing a point of space is
at least three. Therefore, the shape of a soft object � with
a tree is different from the shape of � with its graph ¡ � ,
however, changes are rather small.

4.3.2 Blending graph interpolation

In the next section, we address the transformation of the
blending graph during the splitting process. The blending
graphs ¡ J q � r and ¡ J q ' r share the same nodes, which areK � i components, whereas their arcs are different.

In this section, we address the characterization interpo-
lated blending types so as to define time varying arcs and
interpolate the different blending states, therefore, this tech-
nique fully characterizes the intermediate graph ¡ J q�� r , and
the time varying potential field of intermediate soft objects
may be defined as

� JL	 s q�� r�¨ ©lªn«­ÃÄ® .
Blending function interpolation
We propose to define mixed blending as an origi-

nal solution for characterizing intermediate steps between
two different blending states. Given the potential fields� �
	���
���������� and

� � s ��
���������� of elements � � and � i of a
soft object � , we assume that those fields may blend accord-
ing to different blending functions denoted £ �� i � � � 	>� � ��s �
and £ '� i � � � 	�� � ��s � , intermediate blending states may be de-
fined as :£ÆÅ� i � � � 	�� � ��s �����@B�C]Ç(�¤£ �� i � � � 	�� � ��s � ² Ç�£ '� i � � � 	�� � ��s �

In the general case, Ç characterizes the blending type ra-
tio between £ �� i and £ '� i .



Characterization of intermediate blending graph
links

Given the initial and the final split blending graphs, we
propose to create the intermediate generic blending graph¡ J q�� r by keeping all the nodes and characterizing all the
time varying arcs between two components K � i ��D�� andK � ¢ i ¢ ��D�� as follows :� if the arc �XK � i �X¥t����K � ¢ i ¢ �X¥t��� is the same as the arc�XK � i �@Bm����K � ¢ i ¢ �@Bm��� , then keep it throughout the trans-

formation,� if it is not the case, define ��K � i ��D�����K � ¢ i ¢ ��D���� as a
time varying blending arc whose blending type inter-
polates the blending types of �XK � i �X¥t����K � ¢ i ¢ �X¥t��� and�XK � i �@Bm����K � ¢ i ¢ �@Bm��� .

This technique creates a generic dependency between the
intermediate soft objects and the initial and final shapes.

Figure 6. Soft object metamorphosis with straight-
forward blending tree transformation

Figure 7. Soft object metamorphosis with weak
blending graph transformation

5 Results

Both direct tree interpolation technique and weak graph
metamorphosis have been tested an compared using simple

tree and graph structures. The following two color plates il-
lustrate the transformation between the sum of three super-
ellipsoidal primitives and their union. In figure 6, the blend-
ing bulge smoothly stiffens and disappears only to turn into
a sharp edged global union of primitives, whereas in fig-
ure 7, the final object gets slightly hollowed because of the
specific formula involved in the computation of the poten-
tial field with heterogeneous blending graph.

6 Conclusion

In this paper, we have proposed several improvements
to our soft object metamorphosis technique that provides
the animator with a tighter control over the intermediate
shapes : those are the control of the dimension and the
design of trajectory paths for intermediate elements. We
have also defined an original mixed blending algorithm for
interpolating both non-blending graphs and heterogeneous
blending graphs and proposed a new potential field charac-
terization that is fully compatible with our metamorphosis
technique and correctly handles loops in the topology. We
recall that the whole transformation is still characterized by
a generic representation that enables us to iteratively com-
bine several control soft objects so as to create a Bézier-like
metamorphosis.

We have developed an object oriented library implement-
ing different classes of soft objects built from convex polyg-
onal skeletons, and linked it to an experimental ray-tracer.
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