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Abstract
Implicit surfaces have proved to be a particularly well suited and efficient model for animating and morphing
shapes of arbitrary topologies. The BlobTree model is characterized as a hierarchical combination of skeletal
primitives organized in a tree. The nodes hold blending, boolean and warping operators, which allows the design
of complex objects.
In this paper, we address the metamorphosis of the BlobTree. This appears a difficult task as the tree data-
structures of the initial and final shapes are completely different in the general case, and consequently cannot
be matched easily. We propose an original technique that solves the correspondence process and creates an inter-
mediate generic BlobTree model whose instances interpolate the initial and final shapes.
The animator may control the correspondence between features and can specify both the speed of transformation
and the trajectory of the nodes and the leaves of the generic BlobTree model. This provides the end user with a
tight control over the transformation so as to achieve good visual effects.

Keywords: animation, BlobTree, implicit surfaces, meta-
morphosis, warping

1. Introduction

Metamorphosis (or morphing) can be defined as the process
of smoothly transforming an initial shape into a final shape.
Metamorphosis has a vast variety of applications. It has been
successfully applied to some modeling systems, and is ex-
tensively used for generating special effects in the movie in-
dustry.

The metamorphosis between two shapes may be defined
as the continuous evolution of a time varying shape interpo-
lating an initial and a final shape. Given two shapes, there are
an infinity of transformations that create the metamorphosis
sequence. Therefore, the visual aspect of the transformation
is often the only relevant criterion to evaluate the quality of
the transformation in a key-frame animation system.

It seems essential that the metamorphosis should avoid
unnecessary shape distortion or changes of the topology.
In general, the transformation should be smooth and con-
tinuous. Shape coherence should be maintained whenever
possible so as to preserve the characteristic features of the

source and target shapes. Amorphous (i.e. featureless) transi-
tions that cannot be avoided in complex morphing sequences
should be limited in time. Although some techniques focus
on automating the metamorphosis process (which may be ef-
fective for restricted class of shapes or models), user control
proves to be fundamental to produce convincing animations.

1.1. Previous work

Lazarus 19 has presented an interesting survey of existing
metamorphosis techniques. The proposed classification ex-
hibits two major categories according to the underlying
shape model : techniquesfocusing on mesh models and volu-
metric methods. Lazarus further separates volumetric meth-
ods into two sub-categories : voxel based approaches and im-
plicit surface techniques.

In the following overview, we will address those last two
methods separately as the control over the transformation is
achieved in a completely different fashion.

1.1.1. Boundary representation approaches

Methods that directly work on the boundary representation
of polygonal meshes need to solve the vertex correspon-
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dence problem. Although many approaches have been pro-
posed, no general solution has been presented so far. Kent 16

first proposed to merge the topologies (i.e. the adjacency
graph) of star shaped polyhedral objects. Lazarus 18 later
generalized that technique to a wider class of objects. Kaul 12

has proposed to tackle the vertex correspondenceproblem by
using the weighted Minkowski sum of argument polyhedra
which works well for convex objects.

Kanai 14 � 15 gives an alternative method based on a user
decomposition of the meshed models into patches that can
be paired and morphed. Even though a good control can be
achieved, the decomposition process can become slow and
tedious for large meshes. Recently, Lee 20 has presented a
multi-resolution mesh morphing approach that overcomes
this problem.

The very limitation of boundary representation based
morphing methods is that the source and target models
should share the same topology (i.e. have the same genus).
Moreover, the computation of intermediate shapes becomes
the more expensive as the number of vertices increases, and
the control of the transformation may be tedious for complex
models.

1.1.2. Voxel based methods

Unlike mesh based techniques, volumetric methods can han-
dle the metamorphosis of shapes of different topologies eas-
ily. Another advantage of the volumetric approach is that al-
most any model may be converted into a voxel.

Lerios 21 first extended the two-dimensional morphing al-
gorithm proposed by Beier 3, warping and cross-dissolving
matched density volumes. Hughes 11 and He 10 proposed a
method based on the Fourier and on a wavelet decomposition
of space respectively. Voxel based approaches are memory
consuming and computationally demanding however. Good
visual results cannot be obtained unless using a fine sam-
pling of the objects. The computation cost becomes the more
prohibitive as the size of the sampling grid increases.

1.1.3. Implicit surface techniques

In contrast to voxel based methods, implicit surface tech-
niques avoid the computation of a fixed sized sampling grid
and directly compute the metamorphosis by interpolating the
parameters of the field functions representing the objects.

Pasko 22 has proposed a general morphing scheme, using
a linear field function interpolation to define the time varying
field functions characterizing the transformation. Wyvill 5

has proposed an original technique for morphing implicit
surfaces built from point skeletal elements, also known as
blobs or soft objects. A pre-processing correspondence step,
namely cellular matching and hierarchical matching, ensures
all the elements of the initial and final shapes have been
paired, possibly creating null components whenever neces-
sary. The time varying blob is defined by interpolating the

parameters characterizing the paired primitives. However the
visual aspect of the morphing sequences are often poor.

We have generalized and extended Wyvill’s morphing
technique to implicit surfaces built from convex skeletons
of any dimension 7 . Our method provides a good control
over the transformation. The animator may freely pair sets
of primitives of the source and target models, and even con-
trol the trajectory 8 of intermediate primitives to avoid amor-
phous or featureless transitions.

1.2. Contributions

Recently, Wyvill has presented the BlobTree model 28 that
can be thought of as an extension of blobs. The BlobTree is
characterized by a hierarchical combination of skeletal prim-
itives organized in a tree data-structure whose nodes hold
blending, boolean operators and warping operators. The key
feature of the BlobTree is that complex models can be built
with a small number of skeletal primitives using arbitrary
combinations of blending, warping and boolean operations.

In this paper, we address the metamorphosis of the Blob-
Tree model. We rely on the fundamental concepts of the
existing blob morphing technique and extend our previous
work to the more general BlobTree model. Specifically, we
make the following contributions :� We put the emphasis on the creation of a generic BlobTree

model that characterizes the whole transformation. For in-
stance, genericity enables us to save interesting interme-
diate shapes for later use, and combine interpolations so
as to define a Bézier-like metamorphosis where control
knots are replaced by control BlobTree shapes.� We provide both low and high level tools to achieve coarse
and fine control over the transformation. The animator
may control the correspondence between features of the
BlobTrees and may specify both the speed of the transfor-
mation and the trajectory of the nodes and the leaves of
the generic BlobTree model.

The remainder of this paper is organized as follows. To
make it self-contained, we recall the fundamentals of the
BlobTree model in section 2. In section 3, we present our
blob morphing technique and put the emphasis on the trans-
formation of the skeletal elements. Section 4 addresses the
metamorphosis of the BlobTree : we show how to adapt the
exiting blob morphing technique to the tree structure of the
BlobTree model. Eventually, we present some morphing se-
quences in section 5.

2. The BlobTree

Let us recall that implicit surfaces built from skeletal ele-
ments, also known as blobs or soft objects 26 , are charac-
terized by a scalar field f

�
x � y � z � generated by summing the
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influences of n scalar field elements fi
�
x � y � z � .

f
�
x � y � z ��� i � n

∑
i � 1

fi
�
x � y � z �

The surface of the object may be characterized from this
global potential field f

�
x � y � z � as the points of space whose

potential equals a threshold value denoted as T .

Σ �
	 M
�
x � y � z ����
 3 � f � x � y � z ��� T �

The potential field contributions fi are decreasing func-
tions of the distance to a skeleton fi � gi � di where gi :
�����
 is the field function, and di : 
 3 ��
�� refers to
distance to the skeleton. Thus an element i will be fully char-
acterized by its skeleton Si, its distance function di

�
x � y � z �

and its field function gi
�
r � , and denoted as :�

Si � di
�
x � y � z ��� gi

�
r ���

Both the skeleton Si and the distance function di charac-
terize the shape of the element, whereas the field function
gi defines the way elements blend together. In our imple-
mentation, we restricted skeletons to polytopes (i.e. convex
polygonal shapes of any dimension) for some reasons that
will be discussed in the next section. Throughout this paper,
skeletal elements will refer to points, line segments, convex
polygons and convex polyhedra.

Several field functions have been proposed in the litera-
ture. An overview by Bloomenthal et al. 5 describes great
many possible field functions. Although our morphing tech-
nique may cope with any kind of field function, our own
implementation relies on the piecewise rational polynomial
proposed by Blanc 4 .���������� ���������

g
�
r ��� 1  9r4

k !
" 9
2
 4k # r2

0 $ r2 $ 1
4

g
�
r ��� % 1  r2 & 2

3
4
 k ! " 3

2
! 4k # r2

1
4
$ r2 $ 1

This function is both computationally efficient and its
shape is controlled by a restricted set of parameters that are
the maximum intensity I, the radius of influence R and pos-
sibly a stiffness coefficient k.

Although any kind of distance function might qualify, we
also restricted our study to the distance derived from the Lp

metrics 9 , which provide an extension of the usual Euclidian
distance.

The BlobTree model 28 can be thought of as an extension
of those soft objects. Unlike blobs that are characterized by

a mere set of elements that blend in the same way ' , the
BlobTree is characterized by a hierarchical combination of
primitives organized in a tree data-structure. The nodes of
the tree hold blending, boolean operators and warping op-
erators, whereas the leaves are characterized as skeletal ele-
ments (figure 1).

!

(ω
!

Figure 1: Candlestick created by blending the twisted union
of three cylinders with tapered spheres

The evaluation of the field function in space is achieved
by recursively traversing the BlobTree, either evaluating the
field functions at the leaves of the tree or combining the field
function values returned by the children of a given node.

The blending operator is defined by summing the field
functions of the contributing elements :

f � � x � y � z �)� i � n

∑
i � 1

fi
�
x � y � z �

Therefore, blobs form a restricted sub-class of the BlobTree
model. As suggested by Wyvill et al.28 , boolean operators
may be defined by using Pasko’s set theoretic functions 22 .
In our own implementation however, we use the minimum
and the maximum instead.

f * � x � y � z ��� max
i +-, 1 . n / fi � x � y � z �

f 0 � x � y � z ��� min
i +-, 1 . n / fi � x � y � z �

The BlobTree includes warping operators at its nodes that
distort the shape of the implicit surface by warping space in
its neighborhood. Generally speaking, a warp is a continuous1

A restricted class of blobs rely on a graph that hold blending rela-
tionships to avoid unwanted blendingbetween neighboringelements

c
�

The Eurographics Association and Blackwell Publishers 2000.



E. Galin, A. Leclercq and S. Akkouche / Morphing the BlobTree

function w
�
x � y � z � that maps 
 3 into 
 3. The field function

in space is defined as :

fω
�
x � y � z �)� f � ω 2 1 � x � y � z �

Although affine transformations can be thought of as special
cases of warp operators, they have been coded separately so
that consecutive affine transformations may be concatenated
out of efficiency. In our own implementation, warps have
been chosen from the Barr operators 1 and affine geometric
transformations.

As it is the case in constructive solid geometry, differ-
ent BlobTree models may result in the same implicit sur-
face. Therefore, two models will said to be equivalent if
and only if they characterize the same implicit surface. Two
BlobTrees will overlap if their tree structures overlap, i.e. if
the leaves and nodes at the same levels can be bijectively
matched.

3. Blob metamorphosis

In this section, we recall the principles of the blob meta-
morphosis technique 7 � 8. The metamorphosis between two
shapes relies on the definition of a graph of correspondence
matching elements of the initial and the final models. This
graph specifies which parts of the models should undergo
metamorphosis, and may be either provided by the animator
or created automatically through some matching heuristics.

Figure 2: Metamorphosis between a bear and a bird

To metamorphose between an initial and final model, we
define a correspondence between the elements representing
the two models. As this initial correspondence is in general
not a bijection, we define a new blob for each of the two
models. Those new blobs have more nodes, and the corre-
spondence can be made bijective on this set of nodes.

An intermediate generic sub-component is associated to
each link in the bijective correspondence. The whole trans-
formation itself is characterized by a generic model whose
instantiations interpolate the initial and the final shapes
throughout time.

The time varying skeletons of the generic elements are
defined as the linear interpolation based on Minkowski

sum of the skeletons of the initial and final correspond-
ing sub-components. As the direct interpolation of the dis-
tance and the potential functions generates complex equa-
tions, we tackle the transformation problem by using classes
of parametrized functions. We characterize time varying dis-
tance and potential functions as specific members of those
classes with interpolated parameters.

Thus, we achieve a concise generic representation that
preserves shape coherence during the transformation. More-
over, the genericity property enables us to combine several
interpolations together so as to define a Bézier-like metamor-
phosis where control knots are replaced by control blobs 7 .
The different steps of the morphing process are further de-
tailed in the next paragraphs.

3.1. The correspondence process

The creation of a graph of correspondence matching ele-
ments of the initial and final shape models is a key step in
the morphing process as it constrains the animation. Several
heuristics have been proposed, a good overview has been
proposed by Wyvill 5.

Techniques may be split into two categories : techniques
matching elements according to their position in space (cel-
lular matching), and techniques that require extra infor-
mation about the elements (hierarchical matching). A pre-
processing step ensures that both initial and final shapes
share the same number of components by creating phantom
elements whenever necessary. The characterization of phan-
tom elements will be addressed in section 3.3.

Unfortunately, those heuristics often lead to a loss of
shape coherence during the animation. For instance, the
metamorphosis between a man and a rabit of equal size, i.e.
a transformation between two shapes of similar geometry
and equal topology, yields intermediate shapes with discon-
nected components 5.!

A1 A2

!
B1 B2 B3

Figure 3: Graph of correspondence matching elements of
the initial and final blobs

As suggested in Galin et al. 7 , the graph of correspon-
dence may be generated automatically, simply by matching
all the elements of the source and target models. However,
this straightforward approach generates nA nB elements in
the time varying model, which often results in a loss of shape
coherence during the transformation. In our implementation,
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we prefer to let the animator define the graph of correspon-
dence, with a view to tuning the transformation as needed
(figure 3).

There are no restrictions over this graph of correspon-
dence that characterizes which elements really undergo
metamorphosis. As we will see in the next section, this is
no longer the case for the transformation of the BlobTree.

3.2. The decomposition step

Since the graph of correspondenceis not bijective in the gen-
eral case, we split each multiply paired component into sub-
components with a view to creating a new graph bijectively
matching those sub-components.

Given a rough graph of correspondence matching parts of
the initial and the final shapes A and B, i.e. sets of compo-
nents Ai and B j , we split the components of those shapes
into sub-components sk

�
Ai � and sk

�
B j � with a view to creat-

ing a new graph bijectively matching those sub-components
(figure 4). Initial and final components that are not matched
involve the creation of specific phantom elements 7 .!

A1
1
3

A2
1
3

A2
1
3

A2

!
B1 B2

1
2

B3
1
2

B3

Figure 4: Creating a bijectively matching graph through
component splitting

We have proposed to keep both the skeletons and the
distance functions unchanged and to split the field func-
tions into sub-functions. Therefore, the skeletons Ssk 3 Ai 4 and
Ssk 3 B j 4 are the same as SAi and SB j . The distance func-
tions dsk 3 Ai 4 and dsk 3 B j 4 are also the same as dAi and dB j

respectively, whereas the potential functions fsk 3 Ai 4 � r � and
fsk 3 B j 4 � r � are weighted replications of fAi

�
r � and fB j

�
r � ,

which preserves shape :5
fsk 3 Ai 4 � r ��� αik fAi

�
r �

fsk 3 B j 4 � r ��� βk j fB j

�
r �

The weights αik and βk j should form a partition of unity,
formally :

nAi

∑
k � 1

αik � 1
nB j

∑
k � 1

βk j � 1

Several heuristics for computing those weights αik and
βk j have been proposed 7 . A straight forward technique that
works well in practice consists in setting weights as follows :
αik � 1 6 nAi and βk j � 1 6 nB j where nAi and nB j refer to the

number of components linked with the initial and final com-
ponents Ai and B j respectively. The animations presented in
this paper (figures 2, 11, 8) have been designed with such a
scheme.

3.3. Phantom elements

In our own implementation, a phantom element is defined
as a primitive with a null field contribution, i.e. with a field
function characterized by null maximum intensity. There-
fore, phantom elements can be handled as normal primitives
by the morphing algorithm. The choice of the other param-
eters, such as the skeleton, the radius of influence and the
stiffness coefficient, have a strong visual effect on the trans-
formation.

In our implementation, the animator may set those param-
eters to control the animation. By default, a phantom element
B j associated to another element Ai is characterized by a null
maximum intensity IB j � 0 whereas the skeleton SB j , the ra-
dius of influence RB j and the stiffness coefficient kB j are set
equal to SAi , RAi and kAi respectively.

3.4. Characterization of the generic elements

The time varying blob model may be characterized by the
evolution of generic components Ci j

�
t � associated to each

pair of initial-final sub-components
�
Ai � B j � . Thus, interme-

diate shapes may be defined by their global field function as
follows :

fC 3 t 4 � ∑
i . j fCi j 3 t 4

The surface of intermediate shapes is defined as the points
of space whose potential equals an intermediate threshold
value TC 3 t 4 that interpolates the initial and the final thresh-
olds TA and TB.

The characterization of the time varying elements Ci j
�
t �

is the key of the algorithm. The computation of the skele-
ton SCi j 3 t 4 , the distance function dCi j 3 t 4 and the field function
gCi j 3 t 4 is detailed in the next paragraphs.

3.4.1. Skeletons

The time varying skeleton SCi j 3 t 4 is defined as the linear in-
terpolation based on Minkowski sum of the skeletons SAi

and SB j of the initial and final associated sub-components,
formally :

SCi j 3 t 4 � � 1  t � SAi 7 tSB j

Let us recall the following fundamental results. The linear
interpolation based on Minkowski sums implicitly interpo-
lates polygonal shapes of any dimension. Whenever the ar-
gument shapes A and B are convex, the topology of the inter-
mediate polytope

�
1  t � A 7 tB remains unchanged through-

out time (there is neither creation nor destruction of vertices,
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edges or faces). As the topology of
�
1  t � A 7 tB is the same

as the topology of A 7 B, we will address the characterization
of A 7 B in the remainder of this paragraph.

Any vertex VC of C may be written as VC � VA 7 VB, VA
and VB are said to be the parent vertices of VC , and the rela-
tionships between VA, VB and VC is unique 24 � 12 � 7 .

Therefore, C � A 7 B may be defined as the convex hull
of the vertices VC provided the argument polyhedra are con-
vex. The transformation may be characterized by a generic
topology, whose geometry is defined in terms of a reference
table between the vertices of C and the parent vertices of A
and B. As the topology remains unchanged throughout the
transformation, both the adjacency graph and the reference
table may be created once and for all.

EA

FA

VA

VB

EB

FA 7 VB

EA 7 EB

VA 7 VB

Figure 5: Minkowski sum of two polyhedra

Straightforward techniques consist in building the con-
vex hull of candidates vertices VC � VA 7 VB, and require
O
�
nA

2nB
2 � computational time, where nA and nB stand for

the number of vertices of A and B. Although the Minkowski
sum of low dimension polytopes may be computed this way,
computational time becomes prohibitive with complex poly-
hedra. In our own implementation, we rely on accelerated
techniques that take advantage of the topology of the ar-
gument polyhedra. We rely on a divide and conquer tech-
nique 24 that lowers the overall complexity to nC ln

�
nC � ,

where nC stands for the number of vertices of C.

3.4.2. Field functions

The time dependent field functions gCi j 3 t 4 � r � should inter-
polate the field functions of the sub-components s j

�
Ai � and

si
�
B j � . In the most general case, the direct linear interpola-

tion may cope with any kind of field function. gCi j 3 t 4 may be
defined as follows, where the weights αi j and βi j result from
the splitting process detailed in paragraph 3.2.

gCi j 3 t 4 � r ��� � 1  t � αi j gAi

�
r �8! tβi j gB j

�
r �

The computation of gCi j 3 t 4 may not be straightforward how-
ever. Several problems arise when using piecewise field
functions defined over different intervals or rational polyno-
mials 4 . For instance, the number of intervals that partition
the field function kernel increase. Moreover, summing ratio-
nal polynomials of different denominators increases the de-
gree of the resulting numerator polynomial. Therefore, ana-
lytic ray-tracing techniques 27 � 9 , that require polynomial root
solving become computationally prohibitive.

Direct interpolation results in an unwanted loss of coher-
ence in the intermediate field function definition (figure 6),
which consequently results in a loss of shape coherence dur-
ing the metamorphosis.

αi j IAi

βi j IB j

RAi RB j

gCi j 3 t 4 � r �9� � 1  t � αi j gAi

�
r �8! tβi j gB j

�
r �

Figure 6: The direct linear interpolation of field functions
results in a loss of coherence in the definition of gCi j 3 t 4

We use an alternative technique, based on the characteri-
zation of field function classes to overcome those problems.
Let us recall that in our implementation, field functions are
piecewise rational polynomials controlled by a set of param-
eters. Those field functions share the same parametrized def-
inition, i.e. have the same mathematical properties and thus
form a class.

αi j IAi

βi j IB j

RAi RB j

PCi j 3 t 4 � r ��� � 1  t � PAi

�
r �8! tPB j

�
r �

gCi j 3 t 4 � F

Figure 7: Interpolation of field functions that belong to the
same class with parameter interpolation

Therefore, field functions gAi and gB j belong to the same
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class F characterized by a set of parameters denoted PA and
PB respectively. The intermediate field function gCi j 3 t 4 � r �
may be defined as a specific element of that class F, whose
parameters PCi j 3 t 4 are interpolating the parameters of the ini-
tial and the final field function gAi

�
r � and gB j

�
r � .

The parametrized field function will said to be generic,
and time specific field function will be referred to as a pre-
cise instantiation of the model. The code needed for what-
ever computations (ray-tracing, polygonization) is always
the same, which increases speed.

3.4.3. Distance functions

The transformation of distance functions problem is almost
identical to the field function transformation problem. The
direct interpolation provides us with a general means for
transforming dAi into dB j :

dCi j 3 t 4 � x � y � z ��� � 1  t � dAi

�
x � y � z �8! tdB j

�
x � y � z �

This technique is computationally expensive however as the
evaluation of dCi j 3 t 4 requires twice as many distance function
evaluation as usual for each sub-component.

Although any kind of distance function might qualify, we
limited our study to the distance derived from the Lp met-
rics 9 , which provide an extension of the usual Euclidian dis-
tance. Let us recall the definition of the distance function
based on Lp metrics :

d
�
x � y � z ��� %;: x : p ! : y : p ! : z : p & 1

p

In our implementation, all distance functions are derived
from a Lp metric characterized by a single parameter p �<
1 �=!?>A@ . Therefore, we characterize the intermediate dis-

tance function by interpolating the exponent parameter, set-
ting pCi j 3 t 4 � � 1  t � pAi ! t pB j .

3.5. Trajectory and shape control

As demonstrated in 8, the use of the Minkowski sum implic-
itly generates a linear trajectory path for each time varying
skeletal element. Therefore elements may cross during the
transformation, which often results in a loss of shape coher-
ence (figure 8).

Moreover, the Minkowski sum generally increases the
dimension of the time varying skeletons. For instance the
transformation between two non-collinear line segments re-
sults in a deforming polygon (figure 9), which adds up to the
loss of shape coherence.

Formally, the computation of the Minkowski sum of two
skeletons SAi and SB j of the elements is performed by com-
puting the convex hull of the vertices VSAi

7 VSB j
using

the world coordinate system, denoted as R0. The deforming
skeleton SCi j 3 t 4 is defined as :

Figure 8: The direct interpolation based on the Minkowski
sum of the skeletons results in a loss of shape coherencedur-
ing the transformation

Figure 9: Deforming polyhedron resulting from the interpo-
lation of non coplanar skeletal elements

SCi j 3 t 4 :R0
� � 1  t � SAi :R0 7 tSB j :R0

We use a local frame system to control both the dimen-
sion of the intermediate skeletons and their trajectory path,
which provides the animator with a tight control over the
transformation. Therefore, an element Ai of a blob A will be
fully characterized by its coordinate system RAi , its skeleton
SAi , its distance function dAi

�
x � y � z � and its potential function

fAi

�
r � , and referred to as :	 RAi � SAi � dAi � fAi �

Given two models A and B, we define the transformation
between two skeletons SAi and SB j as follows :

SCi j 3 t 4 :RCi j 3 t 4 � � 1  t � SAi :RCi j 3 t 4 7 tSB j :RCi j 3 t 4
The Minkowski sum is created in a time varying ghost co-

ordinate system, denoted as RCi j 3 t 4 , with the sole constraint
that it should interpolate the initial and the final coordi-
nate systems RAi and RB j (figure 10). Several interpolation
schemes have been proposed. A complete overview is be-
yond the scope of this paper, however we briefly present the
technique we rely on.

The interpolation between RAi and RB j may be achieved
by key-framing techniques where the animator controls the
location and the orientation of intermediate coordinate sys-
tems (figure 10). In our implementation, the origin of the co-
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Figure 10: Constraining polygons in the same plane reduces
the dimension of intermediate skeletons and creates a set of
deforming polygons

ordinate system RCi j 3 t 4 follows a cubic spline curve, whereas
the smooth interpolation of the orientations involves quater-
nion slerping 25 � 2 .

Figure 11: Frame interpolation avoids blobby intermediate
steps in the animation and preserves shape coherence

The choice of a local coordinate system associated to the
skeletons SAi and SB j provides the animator with a wide
span of visual effects. However, the process may be auto-
mated with a view to systematically reducing the dimension
of the varying skeletons. For instance, constraining that that
all line segments and polygonal skeletons should lie in the
same plane reduces the dimension of intermediate skeletons
and avoids the creation of deforming polyhedra (figure 11).

4. BlobTree metamorphosis

In this section, we address the metamorphosis of implicit
surfaces characterized by a BlobTree data-structure. Unlike
blobs that are characterized by a mere set of elements that
blend in the same way, the BlobTree is defined by a hierar-
chical combination of primitives organized in a tree data-
structure whose nodes are characterized as heterogeneous
operators, such as blending, boolean operators or even warp-
ing. Therefore, we are confronted with the following issues :� The correspondence process is no longer as straightfor-

ward as it used to be in for the blob model. Because of the
hierarchical structure of the BlobTree, the nodes and the
leaves of the source and target models may not be matched
freely. In practice, the graph of correspondence must re-
main compatible with the tree hierarchy. For instance the

nodes at a given level should not be matched unless their
ancestor nodes have also been paired.� As the correspondence process matches nodes and leaves
of the source and target models, we need to characterize
transformations between heterogeneous operators. For in-
stance we need to define the interpolation between a union
and a blending operator.

As recalled in the previous section, the key idea of the
blob morphing method is the decomposition of multiply
matched elements into sub-elements 7. This process allows
the creation of a bijective graph of correspondence which
eventually leads to the generic blob model. In the following
paragraphs, we demonstrate that we can directly adapt this
decomposition method to the union, intersection and blend-
ing operators, whereas the difference and warping operators
deserve a special case. Instead of splitting the difference and
warping nodes, the BlobTree will be updated into equivalent
structures.

4.1. Overview of the algorithm

Given two BlobTree models A and B, we aim at creating
two new overlapping BlobTrees A B and B B whose nodes and
leaves can be bijectively paired. This involves the creation of
a graph of correspondence matching two BlobTrees compat-
ible with the tree structure of both the source and the target
models.

Equivalent

Blob-Tree A

Blob-Tree A’ Overlap

Generic Blob-Tree C

Equivalent

Blob-Tree B

Blob-Tree B’

Overlap Overlap

Figure 12: Generic BlobTree creation process

Starting from the roots of the BlobTree, we iteratively de-
scend down the BlobTree data-structures and create a graph
of correspondence between the nodes at the same level.
Whenever a node NA of A holds several correspondence
links, it is split into sub-nodes NAi and the BlobTree struc-
ture A is updated into an equivalent form A B . The same pro-
cess is simultaneously performed on the nodes NB of B.

The correspondence process ends at the leaves of either
BlobTree. Multiply matched leaves of the BlobTree are split
as described in Galin et al. 7. In practice, this correspondence
process may be either controlled by the animator or achieved
automatically through heuristics.

The generic BlobTree model C is implicitly created dur-
ing the correspondence and the decomposition steps. The
structure of C is the same as the overlapping structures of
A B and B B . The nodes and the leaves of C are defined as time

c
�

The Eurographics Association and Blackwell Publishers 2000.



E. Galin, A. Leclercq and S. Akkouche / Morphing the BlobTree

varying tuples
�
NA C � NB C � s � t ��� where s

�
t � refers to the speed

of transformation between the nodes NA C and NB C . As we
will see in section 4.4, those time varying nodes will be de-
noted as :

NC 3 t 4 � NA C s
�
t � � � D� NB C

The operators of the BlobTree fall into two categories :
the commutative operator set and the difference and warping
operators that are not commutative.

Notations In the remainder of this paper, we will refer to
the following terminology. The set of union, intersection and
blending operators (the commutative operator set) will be
referred to as

� ( �DEF�D!G� for short. The other two sub-set will
be denoted as

� 6;� and
�
ω � respectively.

4.2. Node decomposition background

In this section, we present the decomposition background
that will enable us to create the equivalent BlobTree models
during the correspondence process. As we will see in sec-
tion 4.3, the decomposition algorithm will be only applied
to the commutative nodes (union, intersection and blending
nodes). Warping and difference node will deserve a special
case.

In this section, we will refer to the following prefixed no-
tation : NA

�
NA1 �IHIHJH�� NAn � will denote a node NA taken in

the whole set
� ( �=EK�=!L6M� ω � and its n children NAi . The fol-

lowing property will be involved in the decomposition algo-
rithm.

Scaling nodes Let α N 0 a real positive number, the scaled
node αNA is recursively defined as :

αNA � NA
�
αNA1 �IHJHIHO� αNAn �

If NA is a leaf characterized by a potential field function f ,
then αNA is the primitive characterized by α P f . For in-
stance, the maximum intensity of the blending function of
the skeletal element is scaled by α.

The interpretation in the case of operators relies on the
function definition of the operators of the BlobTree. We re-
strict to binary nodes out of clarity. Let us define α ( . In this
case, we use the distributivity of α with respect to the maxi-
mum : �

α ( � � f � g �Q� α max
�
f � g �� max

�
α f � αg ��� ( � α f � αg �

The same demonstration applies to the blending, intersec-
tion and difference operators as well. In the case of warping
operators, we have the following definition of αω :�

αω � � f �R� α
�
f � ω 2 1 �� �

α f � � ω 2 1 � ω
�
α f �

Decomposition algorithm Let A and B two BlobTrees.
Let NA

�
NAi � and NB

�
NBi � two corresponding commutative

nodes with nA and nB children respectively. Whenever a
node NAi is multiply matched with 2 $ n $ nB nodes NB j ,
we split NAi so that the decomposition will be neutral with
respect to the parent node NA :� If the parent node NA is a union or an intersection opera-

tor, NAi is replicated n times. This decomposition creates
an equivalent model as this replication is neutral with re-
spect to the union and the intersection.� If NA is a blending operator, the previous straightforward
replication technique cannot be applied. Instead, we cre-
ate n weighted copies αiNAi with the constraint that the
weights αi should be positive and form a partition of unity
as described in section 3.2.

As we will see in the next section, the decomposition
never applies to difference and warping operators.

4.3. The correspondence process

Let A and B two BlobTrees whose structures do not overlap.
We aim at transforming A and B into equivalent models A B
and B B that do overlap. Our method iteratively parses the
BlobTree data-structures A and B and simultaneously creates
the equivalent BlobTrees A B and B B .

The algorithm starts by matching the roots of the argu-
ment BlobTrees. At each level, we apply the following two
steps to each pair of matched nodes

�
NA � NB � . First we in-

voke a correspondence process that creates correspondence
links between the children nodes of NA and NB. Then, we
apply a decomposition scheme to the multiply matched chil-
dren with a view to creating the new equivalent structures
that will eventually overlap. The splitting process strictly fol-
lows a set of decomposition rules that depend on the types
of the matched operators.

In the most general case, we need to solve the corre-
spondence between all the possible operators of the Blob-
Tree, i.e. we address the transformation of the whole set� ( �DEF�D!S�=6M� ω �=� .

Difficult cases involve the correspondence between com-
mutative and non-commutative operators. We propose to re-
duce the complexity by creating equivalent BlobTree struc-
tures whenever needed to avoid those difficult correspon-
dences. This enables us to focus on the following three sim-
pler correspondence problems : commutative operator corre-
spondence

� ( �=EK�=!?�T� � ( �DEF�D!G� , difference to difference� 6;�U� � 6;� and warping to warping
�
ω �U� �

ω � correspon-
dences.

For each tuple
�
NA � NB � of nodes paired by a link in the

correspondence graph, the children of NA and NB may be
paired according to the following rules.
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Commutative nodes Whenever NA and NB are chosen
from the subset union, intersection, and blending (i.e. we ad-
dress the transformation

� ( �DEF�D!G�?� � ( �=EK�=!?� ), any child
of NA may be paired with any child of NB. Automatic pairing
may match all children of NA with all children of NB, how-
ever this results in the creation of nA P nB sub-nodes which
often results in featureless intermediate shapes. In practice,
the animator may freely control the correspondence process
(figure 13).(
LA RA

E
LB RB

( E
LA LA RA LB RB RB

Figure 13: Decomposition of a left node LA, whose parent
node is a union operator, paired with two target nodes LB
and RB. The right node RB is also split accordingly

The correspondence process is recursively applied to the
children of NA and NB.

Difference nodes This operator deserves a special case as
it is a non-commutative binary node. No problem occurs
whenever two difference nodes are paired, i.e. we address
the transformation

� 6V�F� � 6V� : we suggest that the left chil-
dren and the right children should be automatically matched.

?

6 NB

NBLA RA

6 6
LARA

Figure 14: Matching a difference operator NA �W6 with a
commutative operator NB

The correspondence between the difference operator and
a commutative operator cannot be performed directly in the
general case. We propose to tackle the correspondence prob-
lem

� 6;�X� � EF� ( �D!G� by creating equivalent BlobTree struc-
tures that will be transformed easily. Let NB � � EK� ( �=!?� , let
NA be the difference operator, and LA and RA the left and
the right children of NA respectively. We proceed as follows
(figure 14) :� We insert a difference operator above NB, whose left child

is set to NB, and whose right child is a phantom node, i.e.
a null field function in practice.� We keep the left and right children LA and RA of the dif-
ference node unchanged.

The correspondenceand decomposition process are recur-
sively applied to the leaves of the equivalent nodes. This

technique enables us to match a difference operator with a
union, an intersection or a blending operator. The correspon-
dence between a difference and a warping

� 6;�Y� �
ω � is ad-

dressed in the next paragraph.

Warping nodes Whenever two warping nodes are paired,
the correspondence process is trivial as we only need to
pair the unique child of NA with the unique child of NB.
As for the difference operator, warping nodes deserve a spe-
cial algorithm when we address the correspondenceproblem�

ω �Z� � EF� ( �D!S�=6;� .
?

NA

ω NB ω

NA

ω Id

NB

Figure 15: Matching a warping operator with a non warp-
ing operator

Let NA the warping operator and NB its paired counter-
part. We perform the transformation shown figure 15, insert-
ing the identity warping operator at the top of the right tree,
to match the warp of the left tree. The node NA of the right
tree is matched with NB in the left tree, and recursion pro-
ceeds further.

4.4. Evaluation of the generic BlobTree model

Let us recall that at this step of the metamorphosis algorithm,
we have created two overlapping BlobTree models A B and B B
whose nodes and leaves are bijectively matched. The inter-
mediate generic BlobTree model is generated by traversing
the trees and creating morphing nodes and leaves for each
correspondence link.

In this section, we focus on the creation of the time vary-
ing nodes. The transformation of the skeletal primitives is
performed as for blobs (see section 3).

Let NA and NB the nodes of two overlapping BlobTrees A
and B. The metamorphosis between the nodes NA and NB at
speed s

�
t � will be referred to as :

NC 3 t 4 � NA
s
�
t � � [ =� NB

The generic BlobTree describing the metamorphosis is
created by morphing all the nodes in correspondence. When
the process reaches the leaves of the BlobTrees, we invoke
the transformation of the skeletal primitives as for blobs (see
section 3).

Let us recall that our correspondence and decomposition
algorithms result in the following three correspondence sub-
problems : the commutative node transformation problem� ( �DEF�D!?�T� � ( �DEF�D!?� , and the metamorphosis of two dif-
ferences

� 6;�U� � 6;� and two warps
�
ω �U� �

ω � .
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Commutative operator metamorphosis Whenever the
nodes NA and NB hold the same operator, we simply de-
fine NC 3 t 4 equal to NA. In the general case, we propose the
following definition of time varying nodes, which holds for
whatever union, intersection or blending operators :

NA
s
�
t � I 9 D� NB � � 1  s

�
t ��� NA ! s

�
t � NB

For instance, the function that evaluates the potential field of
the morphing operator interpolating the union and the inter-
section operators may be written as :

f *�\ 0]� � 1  s
�
t ��� max

i +-, 1 . n / � fi �8! s
�
t � min

i +8, 1 . n/ � fi �
As mentioned in Wyvill et al. 28 , super-elliptic blending may
be used to smoothly morph the union and the blending oper-
ators. Let us recall that super-elliptic blending, referred to as
fn, is defined as follows :

fn �_^ i � n

∑
i � 1

fi
n ` 1

n

The standard blending operator ! proves to be a special case
of the super-elliptic blend with n � 1. When n varies from
1 to infinity, it creates a set of blends interpolating between
blending and union.

Morphing difference operators In the case
� 6;�X� � 6;� , no

problem occurs as we simply need to define the morphing
operator as the difference operator.

Morphing warping operators Let ωA and ωB two warping
operators. In the most general case, the time varying warping
operator may be defined by interpolating the warping func-
tions as for commutative operators :

ωA
s
�
t � � [ =� ωB � � 1  s

�
t ��� ωA ! s

�
t � ωB

Unfortunately, we have observed that this technique may
create over-distorted intermediate shapes. We propose an al-
ternative approach that consists in decomposing the warping
correspondence into simpler sub-problems.

ωA ωB

NA NB

ωA ω Id

ω Id ωB

NA NB

Figure 16: Decomposing the warping correspondence into
simpler sub-problems

As mentioned in section 2, warps are chosen from the Barr
operators 1 , namely twist, taper and bend, and affine geomet-
ric transformations. Those deformation tools are character-
ized by a few parameters (e.g. an axis and a rotation angle

for the twist). We proceed as follows. If the warps ωA and
ωB are of the same type, we define ωC 3 t 4 as the same type of
warping with interpolated parameters. For instance the in-
terpolation of two rotations results in a time varying rotation
node, whose angle parameters are computed using quater-
nion slerping 2. Otherwise, we need to split the global warp
transformation into two simpler cases (figure 16).

The evaluation of the time varying warping operator may
be written as follows :

ωA
s
�
t � � [ =� ωB �_^ ωA

sA
�
t � J [ � D� ω Id

` � ^ ω Id
sB
�
t � I � � a� ωB

`
This approach enables us to metamorphose any kind of

warping operator, including geometric transformations that
appear in the scene graph structure of the BlobTree.

5. Metamorphosis sequences

We have implemented our metamorphosis method on Pen-
tium II 450Mz workstations running Linux and used it to
produce the following animations.

Cube to pierced sphere This metamorphosis (figure 17) il-
lustrates that our method can handle metamorphosis between
shapes of completely different topologies.

Figure 17: Metamorphosis between a pierced sphere and a
rounded box

The initial shape is characterized by a single skeletal ele-
ment (the rounded cube), whereas the final shape is defined
as the difference between a sphere and the union of three
axis-aligned boxes.

As the root nodes of those two BlobTrees (a skeletal
primitive and a difference operator respectively) cannot be
matched automatically, the initial BlobTree is rewritten into
an equivalent form as the difference between the rounded
cube primitive and a phantom element (a sphere that the an-
imator located at the center of the cube in that specific ani-
mation).
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6 (

Figure 18: Correspondenceproblem between two BlobTrees
of different structure

Sphere to Propeller This sequence (figure 19) shows the
transformation of a sphere into an helix defined by two
blended and twisted rods. During the correspondence pro-
cess, our method automatically inserts a twisting operator
at the root of the BlobTree model of the sphere with a null
angle parameter.

Figure 19: Metamorphosis between a propeller and a sphere

In this example, the initial shape is a sphere whereas the fi-
nal shape is defined as a twisted union of two rounded cylin-
ders. The initial BlobTree needs to be rewritten, inserting
a warping node a the root and splitting the sphere into the
union of two spheres so that equivalent BlobTrees should
overlap.

Tower to queen This sequence (figure 21) illustrates the
transformation between two complex BlobTree models : a
rook morphing into a queen. This animation exhibits the
transformation between two difference operators : the top of
the rook that is defined as the difference between a cylinder
and the union of two boxes, has been matched with the top of
the queen whose carvings have been defined by subtracting
eight small spheres from the upper part.

ω

(

Figure 20: Correspondenceproblem between two BlobTrees
of different structure

Figure 21: Metamorphosis between a rook and a queen

6. Conclusion and future work

The key feature of the BlobTree is its ability to model
complex objects with a small number of skeletal primitives
combined with blending, warping and boolean operators. In
this paper we have presented an original BlobTree morph-
ing technique that provides the animator with both low and
high level tools to achieve coarse and fine control over the
transformation. The overall metamorphosis is described by
a generic BlobTree model, whose nodes are characterized
as time varying operators. In practice, the user may rely on
pre-defined or user-defined interpolating operators. A global
control may be performed by only matching the upper nodes
of the source and target BlobTrees. A finer control can be
achieved by specifying the trajectory and the transformation
speed of the skeletal elements.

In our own implementation, we rely on Barr operators 1

that form a restricted class of warps. Future research could
be pursued to generalize our metamorphosis technique to
other morphing operators. We could extend warping oper-
ators to the Free Form Deformations proposed by Seder-
berg 23 or to Axial Deformations 17 . The integration of those
deformation methods in our modeling and morphing envi-
ronment would require the development of an extended in-
teractive user interface.
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