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Abstract: 
High-level parameters offer user an easy and intuitive tool to modify an existing model. In this paper, an 
approach of deforming freeform shapes using intrinsic parameters is proposed, where those parameters 
were not part of the model. Instead the parameters are introduced by user at the time he/she needs them. 
To achieve this, different from existing freeform deformation methods, a deformable template defined by 
intrinsic parameters is used as the bridge to link the original freeform shape and the user actions. Those 
templates can be defined by the user or simply derived from freeform feature concepts. With shape simi-
larity analysis, a user-defined region of interest in the freeform shape is matched, or fitted, to a deform-
able shape template. By several different kinds of 3  to 3  functions, the region of interest is mapped to 
the fitted deformable shape template. Thus template parameters can be transferred to the original free-
form shape. Through those quantitative intrinsic parameters, the user can easily modify the freeform 
shape. Several simple implementations were conducted in order to verify the proposed method. It is also 
described how the proposed technique can be applied in practical shape modelling applications. 
 
CR Categories: I.3.5 [Computer Graphics] Computational Geometry and Object modelling, I.3.6 [Com-
puter Graphics] Methodology and Techniques 
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1. Introduction 

Finding effective and efficient tools for modifying free-
form shapes is one of the state-of-the-art topics in Com-
puter Graphics (CG) and Computer-Aided Design (CAD). 
In the past three decades, many useful methods were de-
veloped for freeform shape modifications. Typical exam-
ples of those methods include surface line manipulation, 
control point editing, lattice manipulation, tangent plane 
manipulation, push tools, tangent ribbon manipulation, 
etc.1 In detail, surface line manipulation reshapes a surface 
by changing particular lines on the surface as described in 
Kallay’s2 work and Weich’s3 work. For control point edit-
ing, Piegl and Tiller4 proposed two methods to modify 
NURBS curves and surfaces: modifying the control point 
positions and modifying the control point weights. In lat-
tice manipulation, the geometric representation of a model 
is mapped to the lattice first. Then, the change of the lat-
tice can be reflected to the model shape through topologi-
cal relations5-9. As an important surface editing method, 
tangent plane manipulation shows its advantage in adjust-
ing the curvature around the control points10. To reach a 
user desired shape, the tool pushing method has been de-
veloped where a portion of the freeform shape can be dis-
placed by a desired shape11. As an auxiliary method, tan-
gent ribbon is mainly applied in controlling the amount of 
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curvature around the surface boundaries12. Besides, Signh 
introduced a wires based freeform deformation technique13. 
Based on the Direct Surface Manipulation (DSM)14 

method, Chen et al. developed a feature based freeform 
mesh deformation method for Computer-Aided Engineer-
ing (CAE). These features are  self-contained  mesh  de-
formation  operations that  are  context-free,  stored  sepa-
rately  from  the  base  model, are  applied  to  the  model  
in  a  proper  mix  at  any  time 

In those methods, it is found that different from regular 
shapes, freeform shape modification, possibly indirect, 
inaccurate or un-predictable, is known to be hard. The key 
issue is the complex geometric representations and the 
non-uniqueness of the types of parameters for a given 
freeform shape. Comparing to other shape modification 
methods, the lattice based FreeForm Deformations (FFDs) 
showed its advantages in move a set of points/control 
points together following the user’s idea, thus it had been 
applied in many CG and CAD systems. Mathematically, 
the kernel of FFDs is a 3  to 3   mapping  from  the 
domain of the lattice into a bounded volume in the model 

space as ∑ ∑ ∑=
max max max
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),,( wvu   is  a  point  in  the  lattice  domain  and  ),,( wvuL  
is its projection  in  the  object  space,  kjiP ,,  are  the  lat-

tice  vertices, and  )(uBi , )(vBj , )(wBk are  the  basis  
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functions  in  u ,  v ,  w  directions,  respectively. In gen-
eral, the lattice is used as a bridge to link the original free-
form shape and the user actions.  

Though the lattice based FFDs are a powerful tool in 
modifying a freeform shape, it is hard to defining an effi-
cient and effective lattice for modifying an exiting free-
form shape. In addition, to change the shape of a model, 
modifying intrinsic parameters is much easier than operat-
ing on geometric basic constituents such as points, verti-
ces, curves and individual surfaces15. Such as, a cylinder 
size is easily increased from Figure 1(a) to (b) by one of 
its parameters, diameter d. But currently, if user wants to 
change some high-level parameters of a freeform shape, 
such as the height of a bump, the whole shape would have 
to be redesigned or regenerated first to make those pa-
rameters available. For solving this problem, the feature 
concept was recently introduced to the freeform area. 

 

Figure 1: Modifying intrinsic parameters of a shape 

In the context of this paper, a feature is a generic shape 
of a product with which engineers or designers can associ-
ate certain attributes and knowledge useful for reasoning 
about the product16. A feature offers the advantage of 
treating sets of elements as single entities, thus improving 
the efficiency in creating the product model. While the 
concept of feature has been mainly investigated in the 
mechanical environment, it was also introduced to the 
freeform area17. A freeform feature is a portion of a single 
or a set of freeform surfaces. The boundary of the feature 
consists of curve segments that lie within a shape18.  

Using freeform features in shape construction, they are 
always parameterized first19-21. Isolated parameterized 
features are named templates22,23. Based on templates, 
shape information of an existing model can be directly 
recognized and transferred into high-level parameters 
through template fitting. Thus, with freeform templates, Li 
and Hui18 developed a two-phase approach to recognize 
freeform feature from B-rep models. Recently, Biermann 
et al.24 applied freeform template in extracting shape in-
formation in their cut-and-paste applications. Generally, 
applications based on freeform feature concept are still 
quite limited. The problem is the non-uniqueness of a 
given arbitrary freeform shape. 

In this paper, a new FFDs method is introduced to 
modify an existing freeform shape. The motivations of the 

proposed shape modification method are described in Sec-
tion 2. Then, freeform templates are introduced and de-
fined as the basis of the proposed method in Section 3. 
Different kinds of mappings between the template and the 
shape are constructed in Section 4. Through template fit-
ting, the similarity of the template and the shape is in-
creased (Section 5). By high-level parameters of the tem-
plate, user can easily and intuitionally modify the freeform 
shape in a predictable way. With several implementations, 
the method is verified in Section 6. The advantages and 
limitations of the presented method are also discussed. 

 

Figure 2: A bump-like abstract feature and the shapes it 
stands for 

 
2. Motivations 

Freeform shape modifications usually are interactive 
actions between the user and the computer. As summa-
rized before, the user prefers high-level intrinsic parame-
ters than basic geometric elements. On the contrary, free-
form shapes usually do not follow a standard even with the 
freeform feature concepts, e.g., high-level parameters 
cannot always be found on a freeform shape. To solve this 
problem, in the proposed method, abstract features are 
introduced based on the user’s definitions. Figure 2 de-
scribes a bump-like abstract feature and the shape it stands 
for. In Figure 2(a), (b) and (c), three complicate freeform 
shapes are presented. Each of them cannot be simply cate-
gorized to an existing freeform feature. On the other side, 
all of them have a same attribute. They are looked like a 
bump as the dot lines in the figure. Thus, a bump-like 
abstract feature can be defined as Figure 2(d). This ab-
stract feature can stand for, or approximate, freeform 
shapes with the bump concept. The parameters introduced 
in the parameterization of the abstract feature also can 
stand for the parameters of the shape. 

Using abstract features to approximate an existing free-
form shape, there are three more tasks: first, a template 
should be defined based on intrinsic parameters of the 
feature. Then, proper parameters of the parameterized 
template should be found to approximate the shape. Third, 
what the use wants to modify is the original shape, so the 
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difference between the template and the original shape 
should be recorded. In this research, definitions of tem-
plates, template matching and several 3  to 3 mappings 
are proposed to solve those questions, respectively. 

In general, the propose FFDs method can be under-
taken in the following steps (Figure 3).  
1. Given a freeform shape (Figure 3(a)), a Region of 

Interest (ROI) is selected. (Figure 3(b)) 
2. The user defines or selects a parameterized template, 
3. The template can be fitted to the ROI through template 

fitting, intrinsic parameters can be found. (Figure 3(c)) 
4. By a 3  to 3 mapping, the difference between the 

template and the shape is recorded. 
5. Modifying the intrinsic parameters of the template, 

and rebuilding the ROI in each step through an inverse 
mapping. In this stage, the user fells that he/she di-
rectly manipulates the shape through those intrinsic 
parameters. Such as, in Figure 3(d), the height of the 
bump is increased. 

 
Figure 3: Parameter-driven FFDs 

 
Figure 4: A freeform hole template and its corresponding 

shape  
 

3. Freeform templates 
Abstract freeform features can be represented by free-

form templates. A freeform template is a parameterized 
freeform shape with additional information. It not only 
contains all the shape characteristics of a specified free-

form shape, but also captures the information of shape 
elimination, e.g. the area of the hole(s). Furthermore, an 
adjustable clear boundary, such as a rectangle or a circle, 
can also be assigned to a template. For example, in Figure 
4, a hole template with a rectangular outer boundary is 
defined corresponding to the hole lies on the shape.  

 
Figure 5: Parameterization of a bump template 

 
Figure 6: A user defined freeform template 

Given a freeform shape S , specifying a ROI R  in S  
(Figure 4), a freeform template of type t  corresponding to 

R  can be specified by a mapping 
3

2: →T
tt QT , where 

T
m

T
i

TT
t QQQQ ××= LL1  is the parameter domain of tT , and 
T
iQ  represents the domain of continuous scalar variables 

iq . A freeform template may contain two major parts 

)()( qTqT t
I

t ⊆  and )()( qTqT t
O

t ⊂ , such that =)(qTt  

)()( qTqT O
t

I
t U . Here, )(qT I

t  represents the portion of the 
template that, in a matching procedure, would be similar to 
R . However, )(qT O

t  would be similar to a shape not con-

tained in the freeform shape. )(qT O
t  can be considered a 

sub-template characterizing eliminated surface data. For 
shape deformation templates, usually Ø)( =qT O

t . When a 

hole template )(qThole  is applied for matching with a hole 
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in a freeform surface, )(qT I
hole  of the template ought to 

surround the hole whereas )(qT O
hole (light grey area in Figure 

4) ought to locate itself in the void of the shape S .  

A freeform template can be defined based on the free-
form feature concept or according to user’s requirements. 
Figure 5 shows a parameterized bump template. Figure 6 
presents a use-defined flexible ridge template with 27 
parameters. In Figure 6(a), the basic shape is shown. Fig-
ure 6(b), (c) and (d) present the deformed shape based on 
those parameters, details of template parameterization can 
be found in the authors’ former works22,23.  

 

 
Figure 7: Assigning a uniform grid in 3  to a template, 

then deforming them by changing the template parameters 
 

4. Template-controlled shape modification 
Considering a freeform shape S  with a specified ROI 

R , where 3⊂S , 3⊂R and SR ⊆ , by a given freeform 

template )(qTt , the objective of this research is to achieve 
a new shape dd RRSS ∪= )\( , where dR  is the deformed 
ROI, and the deformation is controlled by the parameters 
of )(qTt . As described in Section 3, )(qT I

t  part of the 

template )(qTt  represents the shape which is supposed to 
be located on the shape. For the parameter-driven FFDs, 
only )(qT I

t  part of the template is considered. With Non-
Uniform Rational B-Spline (NURBS)4 representations, 

)(qT I
t can be represented as: 

}),(|),({)( UvuvuSqT qt
I

t ∈= , (1) 

where 2∈U , is the parameter domain of surface tS , q  
is intrinsic parameters according to the template type t . 
Given a point 3∈ir , it can be represented as 

i

q

ii
t

i wvuSr += ),( , (2) 

where 
q

ii
t vuS ),(  represents a point on the template. iw  

is a compensation vector in order to make up the differ-
ence between ir  and 

q
ii

t vuS ),( . The relations in Equa-

tion (2) are illustrated by Figure 7(a). In the figure, a series 
of uniform grid points are shown. Each of them can be 
assigned to the template. Thus, {( iu , iv , iw )| ki ,1= } are 

generated where k  is the number of points. Here, 
( iu , iv , iw ) can be treated as the coordinates of point ir  

based on template )(qTt  in 3 . 

Suppose the intrinsic parameters of the template are 
changed from 'qq → , thus, template )(qTt  is deformed to 

)'(qTt . Freezing the coordinates ( iu , iv , iw ) of each grid 

point in this deformation, with Equation (2),  the new posi-
tions  of grid points in  3  can be computed by new tem-
plate parameters 'q  as Figure 7(b). In the figure, it is 
found that that the grid point is not uniform again since the 
deformation of the template influence them.  

In Figure 7, it is proved the template deformation can 
influence the shape (here is the grid points). Then, the key 
problem is how to assign the shape to the template. Sup-
pose shape R  is a point cloud, it can be represented as 

},1|{ 3 nirR i =∈= , where ir  is each point in the point 

cloud and n  is the number of point in the shape R . For 
assigning a point ir  of R  in 3  to a template, a 3  to 

3  mapping is needed to be constructed for mapping the 
shape to the template as ii prM →: , where Rr i ∈  and 

)(qTp I
t

i ∈ , which is the corresponding point on the tem-

plate. In this paper, two different kinds of mappings, the 
distance mapping and the projection mapping, are intro-
duced and applied to support the presented method based 
on different requirements.  

Figure 8(a) illustrated the definition of the distance 
mapping which using Euclidean distance as the mapping 
tool. For a point ir  in the shape R ,  with the distance 
mapping, a corresponding point in the template can be 
found as 

||infarg
)(

ji

qTp

i prp
I

t
j

−=
∈

. (3) 
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When Equation (3) is solved, point ip  can be taken as the 

reference point on the template to ir . Then, by NURBS 
representations and Equation (1), 

q
i

t
ii pS,vu )()( 1−= . (4) 

Typically, the inverse of tS  is not available in closed 
form, and in some cases it may even be undefined (for 
example if the template would be self-intersecting). In any 
practical situations, however, Equation (4) can be quickly 
approximated 
 

 
Figure 8: Different effects of different mappings 

With Equation (2), the compensation vector iw  can be 

calculated as iii prw −= . Thus, each point in shape R  is 

mapped to ),,( iii wvu  based on a specified template t  as  

t
iiii

D wvurM ),,(: → . (5) 

Based on Equation (5) through an inverse mapping, shape 
R  can be represented as 

},1|)),,(({ 31 niwvuMR
qtiiiD =∈= − . (6) 

Freezing the coordinates of each point in the shape R ,  
modifying the intrinsic parameters of the template from q  

to 'q  in 3 ,  'ir  can be computed by Equation (6), such 

as the changes of 'aa rr →  in Figure 8(a), thus, new shape 
dR  can be achieved as 

},2,1|)),,(({ 3
'

1 niwvuMR
qtiiiD

d L=∈= − . (7) 

An important issue in the mapping concerns the bound-
ary conditions. Maintaining the continuity of ROI R  and 
the rest of the shape RS \  is a necessary pre-condition for 
shape modifications. Normally, the scale of ROI is larger 
than the template )(qTt . In the distance mapping, all the 
shape elements near the boundary in ROI are mapped to 
template boundary. Such as, in Figure 8(a), both br  and 

cr  are mapped to bp . Thus this portion of shape dR  will 

follow the change of the boundaries of the )(qT I
t . Since 

the boundaries of template )(qT I
t  is not changed after 

deformation in Figure 8(a), thus the boundary portion dR  

is the same as R , for instance, bb rr ='  and cc rr =' . 

Generally, the distance mapping is a global optimiza-
tion for finding the shortest path from a point to a tem-
plate. Sometimes, if the user wants to emphasis the shape 
consistency in a specified direction, the projection map-
ping is introduced as Figure 8(b). In the projection map-
ping, all the points of the shape are projected to the tem-
plate following a specified projection direction. The pro-
jection point will be taken as the corresponding point. 
Given a point ir  and projection direction jP , the projec-

tion of ir  on )(qT I
t  should be )(),( qTPrLp I

tj
ii ∩= , 

where L  is the line passing through ir  along the jP  di-
rection.  If multiple intersections are found, the smallest 

ii rp −  is taken into account. Same as the distance map-

ping, ),,( iii wvu  can be computed by Equation (4) and 
Equation (5). To some points, if intersections do not exist, 
the distance mapping is applied, such as points br  and cr  

in Figure 8(b). By the projection mapping, shape R  
changes to dR  when template parameters change from q  

to 'q  as shown in Figure 8(b). 

According to Equation (2), after computing ),,( iii wvu  

based on )(qT I
t  for a given R ,  if it happens that the 

compensation vector  ,0→− ji ww  ,, ji ∀∀  ,0 ni <<  

nj <<0 , a continuous behaviour is expected from the 
shape "consistent" with the modifications of the part 

)(qT I
t  in the template )(qTt . In a special case, if 

0→iw , i∀ , ni <<0 , e.g., shape R  is as similar as pos-

sible to )(qT I
t , the deformation of the template can be 

“transferred” to the shape. Thus, the deformation of the 
shape R  can be controlled by the deformation of the tem-
plate, where the deformation of the template can be con-
trolled by the user defined parameters. To achieve this 
purpose, template matching is introduced to optimize the 
shape similarity. 

 
5. Template Matching 

In the proposed method, template matching is used to 
approximate a freeform shape with a given template and 
find its intrinsic parameters. To match the template )(qTt  
and the shape R , a similarity measurement is needed to 
determine the goodness of fit between the original shape 
and the freeform template. Given any two shapes A  and 
B , the dissimilarity of them can be defined as a mapping:  

→× }{}{: BAd , where }{A  and }{B and  are the sets of 
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all possibly occurring shapes, respectively. d  should pref-
erably have the properties of a semimetric, i.e., for all 
shapes A, B, C: 0)Ø,( =Ad , 0),( =AAd , 0),( ≥BAd  and 

),(),(),( CBdCAdBAd ≥+ . 

With the dissimilarity measure d , the matching prob-
lem can be extended to search among multiple template 
types )(qTt  (the learning set) to find the best fit to a free-
form feature in R  of shape S . Then, the matching proce-
dure aims at obtaining the proper parameters of the tem-
plate )(qTt  under variation of the parameters T

tQq∈ , 

where T
tQ  is the fitting parameters domain, and 

),),(),((minarg λRqTqTdfq O
t

I
tT

tQq
opt

∈
= ,  (8) 

where )),(()),((),),(),(( RqTdRqTdRqTqTf O
t

I
t

O
t

I
td λλ −= , d  

is a dissimilarity measure and 0>λ . Function df  is 
named the optimization function, which is applied as the 
objective function in the fitting procedure. Equation (8) 
delivers the feature instance of type t  that matches R  
optimally. In the equation, )),(( RqTd I

t  measures the dis-

similarity between part )(qT I
t  of the template and R . 

When the template fits the surface, according to the defini-
tion, )),(( RqTd I

t  will be minimal. )),(( RqTd O
t  measures 

the dissimilarity between )(qT O
t  and R . However, since 

)(qT O
t  represents an eliminated part of a shape elimina-

tion feature, the term )),(( RqTd O
t  should become maxi-

mal. By scalar coefficient λ , the “weights” of )),(( RqTd I
t  

and )),(( RqTd O
t  can be adjusted in the overall similarity 

measurement. The whole match procedure can be acceler-
ated by setting λ  different in different stages of the fit-
ting22.  

There are many similarity measurements defined in the 
literature25. It can be observed that a distance can be de-
fined as )),(),,(max(),( ABHBAHBAD = , known as the 
Hausdorff distance between shapes A  and B , where 

),( BAH  is Directed Hausdorff Distance (DHD). DHD 
delivers the distance from shape A  to B ,  it can be de-
fined as |)|inf(sup),( srBAH

BsAr
−=

∈∈
, where || sr −  denotes 

the Euclidean distance between the points s  and r . To 
reduce the sensitivity to noise and inaccuracies in the 
shape data, the Mean Directed Hausdorff Distance 
(MDHD)22, ),( BAM is introduced as: 

∫∫ ∫∫−=
∈A ABs

dAdAsrBAM /||inf),( ,    (9)  

where the integration is over the shape of A , normalized 
by the shape area of A . Based on MDHD definition and 
Equation (9), Equation (8) changes to 

),),(),((minarg λRqTqTfq O
t

I
t

MDHD
dT

tQq
opt

∈
= , (10) 

where
)),(()),((),),(),(( RqTMRqTMRqTqTf O

t
I

t
O

t
I

t
MDHD

d λλ −= , and 
λ  is the same coefficient as Equation (8). 

Digitized the template to a point cloud shape, )(qTt  
will be available as a point set. Supposing shape R   is 
given as a point cloud, point sets IP , OP  and RP   where 

},1|)({ miqTPP I
t

I
i

I =∈= , },1|)({ niqTPP O
t

O
i

O =∈=  and 

},1|{ kjRPP R
j

R =∈=  represent )(qT I
t , )(qT O

t  and R  
respectively. Equations (10) are then approximated by 

∑ −=
= =mi

R
j

I
i

kj
I

t PP
m

RqTM
,1 ,1

|)|max(1)),(( ,  

∑ −=
= =ni

R
j

O
i

kj
O

t PP
n

RqTM
,1 ,1

|)|max(1)),(( . (11) 

If the shape would be represented by polygons as 
},1|{ kjRTT R

j
R =∈= , the same principle applies after 

changing item R
jP  to R

jT  in Equation (11). The point-to-
point computation is then replaced by a point-to-facet 
computation. For a surface, it is also easy to digitize it to a 
point cloud with enough density. Generally, Equation (10) 
delivers the procedure of freeform template matching 
based on MDHD shape dissimilarity measure. A matching 
procedure is then simplified to a search for the optimized 

parameters T
topt Qq ∈   of the template.  

 

 
Figure 9: Modifications of a point cloud 

 

6. Numerical implementations 

A freeform shape can be represented as point clouds, 
meshes and surfaces (solids). In this section, three numeri-
cal experiments, corresponding to the three different kinds 
of freeform shapes, are presented in order to verify the 
proposed parameter-driven FFDs method.  
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Figure 10: Deforming a mesh with a bump template 
 

 
Figure 11: Deforming a surface with a user defined tem-

plate 

Using ACIS and OpenGL, the whole FFDs system 
was modelled by Visual C++. The modifications of a 
point cloud are presented in Figure 9. Given a freeform 

shape S  containing a bump-like feature, a freeform tem-
plate )(qTt  was selected as in Figure 9(a) to fit ROI R . 
By template matching, the bump was found and fitted as 
Figure 9(b) in 35 seconds. At that point, )),(( RqTM t , i.e.. 
the shape dissimilarity is computed as 0.95835mm, com-
pared to a diameter of S of about 245mm. With the projec-
tion mapping, the bump was associated to the template. 
Then the template height and width were increased 85% 
and 50%, respectively. The bump shape was successfully 
deformed by those parameters, e.g. shape R  was modified 
to dR  as shown in Figure 9(c). In that stage, a new bump 
template )( d

t qT  was defined and fitted to the shape as 

Figure 9(d). The fitting result )),(( dd
t RqTM was 

1.091908mm.With the same mapping, inverse operations, 
e.g., reducing the height and width which were increased 
in Figure 9(c), were taken. The bump was changed back to 
the original size as Figure 9(d). To verify the result, the 
same template )(qTt as Figure 9(b) was used to fit the 

shape again as Figure 9(f). In fitting results, )'),(( RqTM t  
is 0.972482mm. That is, the error after two deformation 
processes is about 1.47% referring to MDHD.  

In Figure 10, the same template is applied to deform a 
mesh model with the distance mapping. Figure 10(a) 
shows a freeform shape with logo “DynaSH” in relief 
effect. The shape is represented by 64602 polygons. Fig-
ure 10(b) shows a bump-like deformation with 29mm 
height and 49mm width which was created by the pre-
sented deformation method. In Figure 10(c) the bump 
height was increased to 55mm where in Figure 10(d) the 
width was reduced to 35mm where the logo's shape is 
preserved well. In the whole deformation process, the user 
only needs to play with 2 parameters, e.g., the height and 
the width. 

Figure 11 presents the deformation of a freeform sur-
face with a “TUD” logo carved in intaglio. In the surface 
deformation, instead of points in point cloud, vertices in 
meshes, the controls points of the surface is assigned to the 
template. In this experiment, the original shape is shown in 
Figure 11(a). With a 27 parameters ridge-like template, 
Figure 11(b), (c), (d), (e), (f) present a complicate defor-
mation step by step. In this deformation, 11 parameters of 
the template are changed. 
 
 
7. Conclusions 

The parameter-driven FFDs method presented in this 
paper provides a way to handle and redesign freeform 
shapes by intrinsic parameters. Comparing to the existing 
FFDs methods, we summarize the following advantages: 
1. The user can use several quantitative parameters to 

drive a complex freeform deformation; 
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2. Intrinsic parameters of the existing shape can be found 
and modified; 

3. With several simple or user-defined templates, it can 
modify a number of freeform shapes; 

4. The user need not position the template. Abstract fea-
tures can be automatically found by template fitting; 

5. The original shape information is well preserved in the 
deformation process. 

There are also limitations of this technique, currently, 
we identify the following: 
1. Template fitting is time consuming, normally, a fitting 

process will take about 20 to 200 seconds with a Pen-
tium 4  2.4G processors; 

2. The freeform shape have a little aliasing after defor-
mation; 

3. The continuities between different surfaces can not be 
guaranteed during the deformation. 

Current research is directed towards those limitations. 
Different effects of mappings are also being studied in 
order to realize a more effective and efficient FFDs 
method. 
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