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RESUME : Computer-Aided Geometric Design modellers are nasetl on powerful mathematical curve and surface
models, but there is still a considerable needefificient tools to handle, analyze and modify thalsiects. Designing
product shapes using geometric operations on foeerfturves and surfaces is still a tedious taskrédwer, designers
would prefer to use meaningful tools to concentmatedesign objectives expressed in terms of fumalities and
constraints related to engineering topics and tecalnmatters.

This explains why constraint modelling in CAGD rsimportant challenge for the forthcoming years d@hd paper
aims at suggesting a classification of the différeonstraints which ought to be taken into accomné constraint
based modelling CAGD software.

MOTS-CLES : constraint, shape modelling, classification

1 INTRODUCTION by a set of surfaces connected together through
continuity constraints (tangency or curvature). btoser,
In our current society of consumption, aesthetleypa even for one surface, the mathematical models cthyre
crucial role in the definition of a product and ebits applied (B-spline or NURBS) cannot always represent
target market. Even if two products satisfy the sam the reality and/or the topology of the shape. Asailt,
basic functionalities and have similar performandbe the user must define a larger surface and themelefi
shape of the product often makes the differencthéo  restriction curve on the surface which surrounds it
eyes of the customers. As a consequence, shape hasglevant part. The curve, given in the parametric
increased in complexity to open new emotional field definition plane is called trimmed curve and thievant
Free-form curve and surface models have signifigant surface is called trimmed surface. This approximate
increased the quality of the designed objects asgum operation raises well-known inaccuracies. We poinit
the ability of the user to handle the differentgrmaeters,  this particular problem because the different cotet
generally defined in terms of geometry. Improvitng t  surfaces defining an object are most of the tirmanred
ergonomics and efficiency of these design handfes i surfaces.
order to manipulate, analyze and modify objectilsa
research issue. Moreover, when a designer usesGDCA Figure 1 proposes a real example of a digital modiel
(Computer-Aided Geometric Design) software, his/her car door defined with several trimmed B-spline acek.
expectations would be to express and solve thelgmmob  One of the patches is described (with and withésit i
as a relevant problem of design. The latter problem control network) with a hole inside, defined byrtriing
solve is given in terms of functionalities and wvas curves. The previous example illustrates that cairgt
types of constraints including geometry, enginegrin modelling in CAGD is an important challenge for the
topics, mechanics, manufacturing, know-how, indaktr  forthcoming years.
context, economy, ... and is sometimes badly siradt
especially at the beginning of the process. Thigdans Details on global approaches developed in CAD
why requirements for curve and surface modelling (Computer-Aided Design) modellers (parametric
techniques are currently changing and more and moremodelling, variational modelling, feature-based
oriented toward a constraint based modelling apgfroa modelling, declarative modelling) and existing
This new approach will directly lead first to expse  constraint-based modelling techniques for the most
constraints and then to solve a high number ofouari  frequent types of curves and surfaces (parametric,
constraints. It thus raises a lot of difficult issuwhile it multiresolution, implicit, subdivision...) can be fod in
corresponds to an actual need in industry. (Cheutet et al., 2008). From this survey, this pape
proposes a classification of the different constsi
But the industrial requirements for manufacturegeots which ought to be taken into account in a constrain
are complex. It may be impossible to model a rbaps based modelling CAGD software.
with a unique surface so that the object must bmetd
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others by surface meshes. It can also happenhbat t

geometric model of the constraining entity is

different from the one of the constrained entiike |

a surface mesh constrained by a B-spline curve.
These configurations correspond to hybrid models,
and are a priori unusual in a CAD modeller. But

considering an industrial product through its skt o

components with all their possible geometric

representations can lead to such cases.

From a complementary point of view, the constraints
may be related to the product itself rather thartdo

geometry. It
constraints that have a meaning at the productl,leve
while incorporating some geometric parameters (@&sg.
available in the CAD modellers). Here are two exksp
of these high level constraints:

Figure 1. An example of a digital model of a caodo .

with the definition of one patch according to itsrol

2

network (courtesy of s.t.s.).

CONSTRAINT EXPRESSION

One of the main difficulties in shape generatiord an
modification is the expression of the user's irgesmd
their translation into a set of constraints conigativith

the chosen geometric model and the software maodelli
environment. Three aspects increase the compléxity
expressing constraints:

The first one is to take into account the user's
background or the user's skills: he/she can bereith
a stylist, a designer, a manufacturer, etc. Each of
these users has a different point of view on the
product and its shape. The users express different
types of constraints about product modifications
during the product development process. These
constraints contribute to a so-called product view
defined from the appropriate information: product
shape, mechanical, technological...

At the same time, the expression of constraints
depends of the type of software application used.

adds the difficulty of formulating

For a manufacturer, one component of the product
can be designed to be moulded, and in this caise, th
component must be extractable from its mould. This
high-level constraint (at the product level) can be
decomposed into low-level constraints where some
of them can be attached to the component geometry
by constraining the draft angle of some areas en th
surface with respect to the parting plane of the
component.

For a designer, a component of the product should
not break during product use. However, this
constraint only incorporates mechanical quantities
like the maximum stress into the component. Since
it needs the strength of the component material and
the boundary conditions on the component, this
constraint cannot be directly decomposed into lower
level constraints referring to the component
geometry. Only a Finite Element Analysis (FEA) or
similar mechanical analysis methods can provide the
proper parameters for this constraint. The FEA
cannot be easily incorporated inside a CAD
modeller and the extraction of constraints attached
to the component shape becomes even more
complex.

Their expression can differ when using a CAD As described, the notion of constraints during aigte
modeller or a Virtual Environment with haptic phase can be very large. This notion is commongdus
devices. In the first case, the constraints will be at all of its successive steps, even if some uderst
directly attached to the model geometry. In the pear in mind the same meaning for these design
second one, some of the constraints could beconstraints. We first propose in the following a
expressed in terms of forces to fit capabilities of taxonomy of the constraints classically used forveu

haptic devices.

and surface modelling and secondly, the varioussveay

user can express these constraints. Four semangts|

Expressing the constraints is

related to the exist for these constraints in the context of shape

underlying geometric model of a component. a generation and modification, according to the tgpéhe

constraint will be differently written if the geomnie
model is a parametric surface or a surface mesh.
Moreover, the difficulty in specifying constraints .
increasing when the geometric model type is not
uniform over the whole product. Some areas can for
instance be described by NURBS surfaces and

constrained entity:

Semantic level:lconstraints attached to one element
of the component shape: this includes some local
constraints used to manipulate its shape like the
point constraints.
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categories previously listed (constraint attachedmne
» Semantic level:Xonstraints expressed between two geometric element or between two or more geometric
or more geometric elements of the component elements of a component). Because they are directly

shape: for instance, to preserve the integrityhef t

related to geometric parameters, the literature etam

geometric model of the component during the them asggeometric constraints. Structuring them requires

modification of its shape, like the continuity a$ i
shape.

Semantic level :3constraints attached to the whole
component shape like a volume constraint, for ¢
example.

Semantic level:4constraints not only attached to the «
component shape but linking its geometry with other
parameters of the component, i.e. parameters not
directly expressing geometric constraints like
functional or engineering ones as illustrated above

three complementary concepts:

The constrained entitgither a curve or a surface.

The constraining entityeither a point, a curve or a
surface.

Global or local effectsaccording to the size of the
area on which they have a direct influenGéobal
designates configurations where the entire entity
considered is modified.ocal means that only an
arbitrary subset of the entity is subjected to shap

changes.
The user first specifies a constraint of any given
category. In order to handle it in a second time, aUsing these three concepts, Tables 1 and 2 can be
geometric modeller can need to decompose thisconsidered to classify these constraints.
constraint into a set of constraints of complemgnta

categories (see an example in section 3.2). Bt th constrained entity
decomposition cannot be always achieved and the curve surface
modeller must be able to handle constraints oeckffit > . . . . .
categories at the same time. Moreover, the E point point constraint point constraint
decomposition is not unique and each modeller tes i g shape matching,| curve constraint
own way to perform the decomposition. £ | cune symmetry (character line...)
= _
Then, according to the different approaches desdrib 7 o shape matching,
the introduction, two ways of specifying constraican § | surface projection symmetry,
be proposed that cover all the semantic levelsritest ° connection...

previously: Table 1. Constraints with a geometric entity asnerice
(direct constraints)

e Strict constraints which are named classically
constraints in the literature. The modeller has to
strictly respect them during the shape creation and
manipulation processes. As an example, the current
sketchers in CAD modellers are only using this type
of constraints.

constrained entity
surface

curve

tangent, curvature, tangent plane,

local .
principal curvatures ..

global length, area,... area, volume, inertia,...

+ Soft constraintsthese constraints are used in the
declarative modelling approach to allow the
description of the object properties, but also to
describe free-form surfaces in the other approaches
They can express the final aspect of a ComponentWhen the constrained entities and the constrainimes

shape or at least, the expectation to obtain aisnlu have a manifold dimension superior to O (i.e. aceirae
close to it. or a surface), these constraints can require an

approximation process and hence are generally
The above analysis highlights the complexity of decomposed into a set of point constraints. Thiggon
expressing the constraints attached to a prodocthé ~ often arises when specifying continuity constraints
next subsections, the constraints classically ufsed  across several geometric elements of a component.
curve and surface modelling are described in moreActually, the continuity conditions across trimmed

details, according to the categories previouslyneef in patches cannot be correctly expressed using the rea
this section. geometric entities describing the correspondindaser

or volume (Farin, 1996).

Table 2. Constraints without a geometric entity as
reference (indirect constraints).

3 STRICT GEOMETRIC CONSTRAINTS
As a consequence, some of the constraints can be

This section describes thgtrict constraints commonly  structured in a hierarchical manner: an upper level
used in shape modelling and part of the first two constraint is translated into a set of lower leaagtstraint
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elements and so forth until receiving a set of poin
constraints if this elementary type of constraiistgshe
only common denominator to express the desired
constraint.

3.1 Local constraints

Local geometric constraints are used to locallytedra

2 avril 2008 — Paris- kca

« Tangent Fuf)=0, Evf)=0 (the last one only

exists in case of a surface), wh&ean be either a
vector prescribed by the user or the normal veafor
another curve/surface.

According to the type of curve/surface considerbe,

shape, i.e. over a subset of the geometric elementslerivativeP, can be different if the type of curve/surface

describing the overall shape. The control is addev
through a set of point constraints like position
constraints, tangent and normal constraints, cureat
constraints, etc. These constraints correspondetdirtst
line of Table 1, i.e. where the constraining entgya
point. But they also correspond to the second bhe
Table 2, i.e. with a local effect on the shape.

These constraints provide an ideal tool for dirgtape
manipulation. The designer picks a point on a cunve
surface and moves it. It remains to enforce the

curve/surface to pass through a new user-specified

location using the properties of the underlyingrgetric
model of curve/surface (see figure 2). Repeatirig th

is no longer parametric but implicit, subdivisiatc. It is
also important to note that the position constramt
defined by one vector constraint and so corresponds
three scalar constraints, and the tangent constigin
defined by two scalar constraints.

Position, tangent and normal directions are linear
constraints and can efficiently be solved with appiate
methods depending on the underlying geometric model
« NURBS: methods enumerate as follows:
specification of an area of influence, least-sgsiare

operation with small displacement steps leads to a

curve/surface select-and-drag tool which continiyous
deforms the curve/surface. Virtual sculpting teglueis
make use of this type of constraints.

Curve constraint
on surfac

Point constrairft

Figure 2. Point and line constraints on the cardoo
model.

These constraints are also the most basic contstrain
when the decomposition of constraints is required a
stated above.

Let P be a point of the curve/surfad®, (resp.P,) be the
first derivative vector of the curve/surface in théesp.
V) direction at the point considered. Each localstaint
can be written as follows:

Position W;O where M can be either a 3D
point prescribed by the user or a point of another
curve/surface.

fitting with linear constraints (SVD, QR
factorization (Golub and Van Loan, 1996)).
e FFD: solid model forming the control lattice

referred to in the previous section.

Particular surface models that give direct access t
these quantities: interpolating spline curves
(position, tangent, curvature), triangular
interpolating surfaces (position, tangent, normal),
(Loop, 1994), (Peters, 1995), (Piper, 1987),
(Hahmann and Bonneau, 2000), (Hahmann and
Bonneau, 2003), (Yvart et al., 2005).

3.2 Curve constraints on a surface

These constraints enforce the surface to matchvengi
curve, in a context of shape modification (see &abl
One of the current applications is for car aestheti
design: the product is described by a set of cuates
some stage of the product specification and thisae

be seen as the framework of the product shape model
These curves correspond not only to the objectilpsof
symmetry lines and selected sections but also
significant lines strongly affecting the productph, the
character lines. Thus, the surface model of thelymrbis
directed by these curves (Cheutet et al., 2008auth a
context, the stylists are manipulating a produepsgh i.e.
its surfaces, through the prescription of curves
meaningful for them. Therefore the surfaces havbeo
constrained by these reference curves.

to

In the case of continuous surfaces like NURBS seda
these curve constraints are, most of the time,
decomposed into a set of point constraints, with
additional parameters related to the applicatiomaia
(see figure 2). This discretization process hasreng
influence on the resulting shape. This points ouery
complex problem: the curve discretization must ey
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be too coarse to lose some meaningful variationthef parameters of the surfaces and/or considering the
initial curve but must also take into account the previous algorithms as a complementary set of
distribution of the degrees of freedom over thdidhi  constraints.

surface to avoid as a result over-constrained

configurations. For the specific case of NURBS atef, In shape matching configurations, a curve/surfage i
the decomposition is not necessary when theconstrained by a "reference" geometric elementhef t
constraining curve can be directly matched withisam same dimension, with for instance:

parametric curve of the surface (Michalik and Bmlide

2004). However, this case is a very particular @amg, is e Curve constraints on curva curve is constrained to
not often encountered in industrial configurations. become a circle or a straight line...

When the underlying surface is defined as a mé®h, t « Surface constraints on surfacea surface is

constraint decomposition process is mandatory dinee constrained to become planar, or part of a cylinder
surface model is a discrete geometric model. or a sphere...
If a curve is constrained by a surface, with agetpn  |n the previous examples, the predefined geometric

constraint for instance, the defined constraingxactly  element is a primitive one or part of a primitiveegi.e.
the same as the curve constraint described at th&egment, circle, plane, cylinder, sphere. If thedpfined
beginning of this section. The surface is then the geometric element is totally defined, e.g. in tasecof a
constraining element and therefore is not modified primitive element, all their parameters and positae
during the solving process. defined. The decomposition into a set of point
constraints is the generic way to express these
3.3 Entity constraints on entities of the same  constraints.
dimension
But sometimes, and particularly when the predefined
This section addresses either constraints usedpi@ss geometric element is a primitive one not entirely
intrinsic relationships between geometric elemarita constrained, the decomposition process is not tilg o
product (from the second semantic level, as desdrib solution. For instance, a subset of the bump serfzc
section 2), i.e. continuity conditions between the streamliner (see figure 2) has to be planartheit
curves/patches, or constraints related to shapehingt position of the plane is not constrained in any wasing
configurations, from the first semantic level (Skable point constraints is not relevant since it pressilthe
1). Shape matching constraints refer to configarati  position of the plane. A new set of constraints hesn
where a geometric entity, e.g. a curve, has to Imtte proposed by (Cheutet et al., 2005b) to preseniasart
shape of a "reference" geometric entity, e.g. anadr  the desired shape constraints during a deformation
circle. In the case of continuity conditions, adigure 1, process. As an example, in case of planarity caimstr
the shape can be defined by a set of B-spline patahd  on a NURBS surface, a corresponding set of coms¢rai
the continuity conditions in position, tangency &md  is expressed by the equation:
curvature between them have to be taken into a¢doun
preserve the model integrity during the shape I’T ﬁ, -0
transformation. 00

Considering the geometric continuity conditionsgtie ~ Whereng is the normal vector of the plani; is a point
constrained geometric elements are trimmed patchesOf the plane and® can be either a surface point or
which are the most common case, the constraints tiee  directly a surface control point. Using such coaisitis
be decomposed once more. First'y' a surface Cdt}tinu will not constrain the pOSItlon and the orientatimithe
constraint is expressed as a curve constraint &ohe Plane.

boundary curve of a surface patch. Secondly, eaorec a ) ) )
constraint is decomposed into a set of point caimgs.  Apart from such specific configurations, the genevay
When performing such decomposition, only an tO express the_se constraints is still the dec_omp05|
approximate continuity condition is achieved betwee INto a set of point constraints, as for curve c@msts on
the corresponding elements. An exact geometricSurfaces.

continuity can be obtained if and only if the commo

boundaries between the two patches are not trimming3-4 Global constraints

lines, and if the two lines, which are iso-parafaetr

curves, have the same degree and the same number dfhis section describes constraints that act onathele
control points (Farin, 1996). The latter requiretsezan  curve/surface (constraints from semantic levelT3)ey
be easily achieved with classical knot insertiomlegree ~ cannot be decomposed into a set of point conssréike
elevation algorithms, once a common degree and knotthe other examples because they refer to someratteg
vector is constructed for the surfaces consideFeis is ~ Properties of the associated curve/surface.

obtained at the expense of increasing the number of
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In 2D space, curves can be constrained to preséthver Free-form surfaces of components used in CAD
a prescribed area or a constant length or to preser modellers are usually based on a set of trimmechpat
some symmetry with a predefined axis during the This implies that the number of parameters involired
deformation process (Elber, 2001), (Sauvage et al.,constraint-driven modifications, i.e. the number of
2004), (Hahmann et al., 2005). In particular, (Elbe control polyhedron vertices, is generally far geedhan
2001) has worked on the preservation of the intearea the number of user's constraints, at least globally
of a B-spline curve during the deformation procasd Therefore, the corresponding problem is often under
has demonstrated that this constraint is linearh wit constrained, hence this type of constraint is used
respect to the coordinates of the curve controhfgoiln criterion for a deformation engine to choose oriat&m

fact, if one considers a regular closed planar mparyial among all those verifying the strict constraints.
parametric curve(t) = (x(t), y(t)), the enclosed (signed) Classically, the deformation engine is based onswoie
areaA equals (using Green's theorem): criterion related to the shape fairness, in ordeotitain
the smoothest and the most graceful shapes. Tiegiari
— ‘ 3 often correspond to the minimization of an energy
A m[x( t) y( t) x( t) y( ﬂ o having a physical meaning and lead to natural sasfa
_ - Different interpretations exist and have been
A= [,mc(t) X C( t)‘ dt implemented for each geometric model:
This equation is clearly bilinear in the coordirsaté the + Non-linear functionals that derive from elasticity
control points. Other constraints, like computire t theory:
moments, exist and have been studied by (Gonzalez- J‘ 2 j 2 4,02
Ochoa et al., 1998) and (Elber, 2000). K2 (t)dt or [ (k7 +3)dA

In 3D space, volume preservation is important for « Linearized versions of these energy functionals, in

achieving realistic deformations of solid objects i order to accelerate and simplify the computations:
computer graphics (Lasseter, 1987). Different tégples £ =I (astrech+,8 bengdda
for volume preservation exist, according to theetyyd o

the underlying geometric model:
One minimization criterion is chosen for a givereus
e B-spline surfaces (Elber, 2001), objective, but (Pernot et al., 2004) have demotedra
that soft constraints can also be used to monher t
« trivariate Bézier solids: least squares-energy shape deformation (see figure 3). In this caset sof
minimization coupled with volume constraint constraints can be arranged in various ways andshe

(Rappoport et al., 1995), can choose one shape among a continuous set of
solutions, using a single control parameter. Fds th
«  B-rep solids: global volume (Hirota etal., 1999),  purpose, the user initially chooses two predefined
behaviours of the shape, i.e. two predefined daitemd
«  implicit surfaces: discretized volume & set of solutions is generated as a linear cortibmaf
approximations (Desbrun and Gascuel, 1995). the solutions obtained for each sole criterion.fdither
increase the range of solutions, different critener a
4  SOFT CONSTRAINTS set of connected sub-domains covering the surface

deformation area can be also defined.

These constraints can be of various types whichbean
difficult to express in a mathematical form. Foample
one can expect a rather flat surface, a bumbledoaa
elliptic one. Introducing these constraints into a
constraint based modeller remains an open challenge

This section also describes constraints that dateckto

a functional to minimize. These constraints do mave

to preserve a strict value during the deformatimtess.
They rather indicate a user's tendency for theresi
curve/surface behaviour after deformation. As an
example, a global constraint on volume preservation
imposes a strict value for the volume that thelfgiape
has to satisfy, whereas inserting a soft constraimt
volume tends to minimize the volume variation betwe
the initial shape and the resulting one, and s@theess
accepts a variation of volume.

modification of

tigkness
Figure 3. Global shape modifications using solbby t

multi-minimizations and their predictive behaviours
(from Pernot et al. 04).
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Two examples are depicted on figure 3. No geometricthe degrees of freedom (DOF) of the underlying
constraints are specified and the various shapes argeometry? Globally, different configurations campear:
obtained when the parameters of the multi-mininnizes
vary. The pipe is immersed inside a bounding spheres
centred at a user-specified poi@, i.e. C; for the
example (a) andC, for the example (b), and used to
define locally the basic quantities to be minimized .
(Pernot et al., 2004). More precisely, in the psmb
examples, the more the control vertices of the ggpm
are far from the centre of the sphere, the mordnitial

Under-constrained problem there are fewer

constraints than DOF.

Iso-constrained problenthere is the same number
of constraints and DOF.

Over-constrained problenwith three sub-cases:

shape defined by these vertices is preserved. dlagve o consistent: the added constraints are
influence between these two types of quantities is coherent with the other ones,

controlled by a single parameter which enables the o semi- consistent: it is possible to transform
generation of a wide variety of shapes (figuresoaa the problem into an iso-constrained one by
and figures bto hy). The sphere of the example (a) has adding DOF to the geometric model,

been centred in the middle of the plpe which ermable 0 fu||y consistent when constraints express

modification of the thickness of the pipe. If theulmding
sphere is moved at the extremiy of the pipe (example
(b)), a modification of the length of the pipe Istained.

contradictory requirements and lead to no
satisfactory solution.

As an example, to define a plane, four coplanantgoi
create a consistent over-constrained problem but fo
non-coplanar points generate a fully consistentr-ove
constrained one. If the initial geometry is a patcty

5 ENGINEERING CONSTRAINTS

This section deals with constraints of the fougmantic
level. In this category, we could find all consttasi  defined by four non coplanar control points, a pfan
related to the mechanical behaviour of a produmth®s  area can be defined over the initial surface byirapd
changing the shape of a component in some areds whi pOF in the geometric model to produce the desired
maintaining the maximum stress value in a giveraare freedom required to insert the planar area.
(see for example the works of Allaire et al., 2005}he
considered constraints are characterized by thetliat The Conﬁguration of a set of constraints can havéhe
they simultaneously incorporate in their expression even more Comp|ex: a prob]em can be g|oba||y under-
geometric parameters as well as mechanical oOrconstrained and locally over-constrained, semi-
technological parameters that can be needed atem gi consistent (etc.), i.e. for some subset of conssai
stage of the product development process. characterizing a specific geometric configuratidools

to detect these configurations exist but only wiéh
As mentioned before, these constraints cannot lysb@l  restricted set of geometric constraints applied on
decomposed into constraints of the other semaeniels  primitive elements like points, lines, planes, dtcthe
since other quantities than the geometric ones arecase of free-form curves/surfaces, no such tool is
involved in these constraints. They are decouptechf  currently available.
the solving process set up for geometric conssaint
Moreover, the results of the constraints evaluation Most of the time and especially in styling actiedj the
require the result of a specific algorithm, likeFaite  jnitial problem is globally under-constrained (s&etion
Element Analysis: these constraints are seen by theq) and a surface deformation is performed to obbaie
designer as black boxes. The results obtained ghrou splution. The solution of the deformation process be
these "black boxes" are then incorporated into acompared to adding a soft constraint to the initiadier-
geometric constraint solving process. Then, the c8®  constrained problem. This is a way to select otatisn
analyze a solution or obtain some clues about whichamong all possible ones. This problem structurteces
parameters have to be modified. also the fact that some designer's constraintshaaaly
be expressed as geometric constraints, like thiacaur
fairness. Hence, soft constraints can be usedttthée
designer adjust the shape in accordance to
complementary parameters that cannot be incorgbrate
into geometric constraints.

6  SOLVING A SET OF CONSTRAINTS

Once all the constraints have been expressedpiieg
process can begin. The objective in this sectiamisto
address and analyze the methods for solving a fset o
constraints attached to a free-form curve/surfasetd

: : ! But applications can expect more than one soluéisn
characterize some of the configurations often fagkdn

the declarative modelling approach. The user chrfas

manipulating such free-form objects. The curresués
according to the specification of the constraistswhat
are the right number and the right position of the
constraints, according to the number and the lonatif

a structuring of all the solutions and for toolsbhit@wse
this structure. This structuring phase can be ewere
interesting when a large set of engineering coimfas
applied on the product but is decoupled from the
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geometry generation and manipulation phases. At thi Form Surfaces in Early Product DesighASME

moment, few people are working on this subject. DETC-DAC
Desbrun M., Gascuel M.P., 1995. Animating Soft
7  CONCLUSION Substances with Implicit SurfaceSIGGRAPH '95

) . . Conference Proceedingg. 287-290.
The paper focus on the constraints, either geometri  g|per G., 2000. Linearizing the area and volume
not, attached to free-form curves and surfacessdhe constraintsTechnical Report CIS-2000-04

constraints are the key elements to define andpuaie

- . Elber G., 2001. Multiresolution curve editing withear
a product shape, when defining an environment.

constraints. 6th ACM/IEEE Symposium on Solid
Modeling and ApplicationsA. Arbor, Michigan, p.
109-119.

Farin G., 1996. Curves and Surfaces for Computdedi

The proposed presentation structures and perforfinst a
synthesis about the existing constraints that qgolied,
according to the level of semantic attached to the ; . .
constraint, and to the type of manipulation. This Geometric Design.4th ed. New York Academic
proposed synthesis does not describe how the admtstr Press _ ,
are implemented according to the underlying gedmetr G°lub G.H., Van Loan C.F., 1996. Matrix Computation
representation used to describe the shape in the I1Nhe John Hopkins University Press3rd ed.

concerned environment, but several references hese Baltimore and London.

added to find further details on these topics. Gonzalez-Ochoa C., Mccammon S., Peters J., 1998.
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One main issue is the analysis of a set of comstrai Piecewise Polynomial SurfacésCM Transaction on

applied on free-form shapes. If currently several Graphics vol. 17(3), p. 143-157.
algorithms exist to solve these constraints acogrdo Hahmann S., Bonneau G.P., 2000. Triangulat G
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