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Abstract

Data exchange between heterogeneous CAD systems is the key problem in the field of CAD, and the popular solu-
tion to this problem is a feature-based method. Aiming at keeping the consistency of design intent in data exchange
between heterogencous CAD systems, this research focuses on the method of constraint conversion. First, two kinds of
basic feature transformation ways are summarized, and this is the foundation of constraint conversion. Second, a novel
identification of geometric elements based on the improved geometric certificate is proposed, and the identifier of
geometric element is used to recognize the acting object of constraint. Third, the principles of constraint conversion are
put forward, and the method of constraint conversion for a single feature is proposed according to the principles. Fourth,
an algorithm of constraint conversion for the whole process of CAD data exchange is designed. Finally, the contrast
experiment of CAD data exchange is completed, and the result of the experiment shows that the approach mentioned
above is effective.
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1. Introduction

Computer support collaborative work (CSCW) has
been applied in many manufacturing enterprises. This
frequently results in the exchange of information
among designers. As the most important media re-
cording design ideas of designers, CAD models
should flow among designers, whereas the differences
of data structure between CAD systems decrease the
accuracy of data exchange between them. To solve
this problem, many researchers or organizations pro-
vide many different solutions. All the researches in-
clude the STEP-based method [1, 2], the Brep-based
method [3] and the mesh-model-based method [4].
However, there is a common problem in these meth-
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odologies in that the target models obtained are not
editable. Hoffman performed innovative research in
this problem at Purdue University [5], and he pro-
posed the feature-based data exchange method be-
tween heterogeneous CAD systems. The basic think-
ing of the feature-based method is to abstract features
from a CAD model according to design history and
rebuild them corresponding to the modeling history
[6-11]. In this paper, feature-based data eXchange
between Heterogeneous CAD Systems is abbreviated
as FBDX. This method ensures that the target model
is consistent with the source one in geometry and is
editable too. However, some information about de-
sign intent is lost as the method is used to transform
the CAD model. The so-called design intent is the
relationship among functions of product, constraints,
technique information and geometric information,
and it represents the decision of designers [12]. Kim
analyzed the loss problem about design intent in his
paper [7], and considered that features, parameters,
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constraints and design history are the important im-
pact factors for design intent.

At same time, Kim pointed out that constraints
specify relationships between elements of a model
that are required to be maintained if the model is ed-
ited [7]. So constraint is important to keep the geo-
metric and topological stability of the CAD model,
and constraints in the source model should be trans-
formed into the target model during heterogeneous
CAD data exchange.

2. Problem analysis

The constraint added to features or used to define
the relationship between features is termed a feature
constraint. A feature constraint includes geometric
constraint, positioning constraint and topological
constraint. Here, feature constraint is still called a
constraint. The problems on the transformation of the
feature constraint are as follows:

(1) There are several different transformation ways
for a feature. The constraint of the target model
cannot reflect the design intent, if an incorrect
way is used to transform constraints.

(2) The geometric constraint of feature includes
implicit geometric constraint and explicit geo-
metric constraint, and the implicit one is added
on features by the CAD system automatically
[13]. The implicit constraint is often omitted
during heterogeneous CAD data exchange,
which results in the target model being under-
constrained.

(3) The positioning constraint of a feature is often
substituted by the coordinate of base point,
which makes the feature fixed.

(4) A constraint acts on geometric elements. If the
identifier of the geometric element is not exclu-
sive, the reconstruction of feature constraint
will encounter a mistake.

All the problems lead to the inconsistency of design
intent between source model and the target one. Fur-
thermore, current CAD systems handle the under-
constrained target model in two different ways.

(1) An under-constrained model is permitted in
some CAD systems. If a user edits the under-
constrained model and changes its parameters,
the model’s shape may be changed in all feasi-
ble ways.

(2) In most CAD systems, an under-constrained
model is not permitted. If the model is imported

Table 1. Meaning of symbols.

Symbol Explanation Symbol Explanation
Number of features
Sa CAD system A m decomposed from Fp
S CAD system B FT Function expressing the
type of feature
My Model builtin S, | FTS, | Feature type set of Sy
Mg Model built in Sg FTSp | Feature type set of Sg
Arbitrary feature in ArbltraI"y boundary
Fa ea geometric element of
Ma
Ma
Arbitrary feature in ArbltraI"y boundary
Fp ep geometric element of
M;p
Mg
The kth feature de- .
Frx composed from F { Optional
. . EXTRUDE —
e e
P, = SKETCHp, P,
A1) A(1)-2 A(2)-1 A(1)-2

w8, w-m

=1
=== _ _ A
B(1)-1 B(1)-2 B(2)-1 B(1)-2

Fig. 1. Experiments of design intent loss.

into this kind of CAD system, constraints will be
added to it automatically and the model is made fully
constrained.

The two ways cannot ensure that constraints in tar-
get model are the same to that in source model, which
will make the design intent of the two models incon-
sistent. In case of shutting off the function of “Auto-
matic Constraint” of UG, problems (2) and (3) are
simulated by experiments, and the result of the ex-
periments is shown as Fig.1. Figure 1-A shows the
loss of implicit geometric constraint of the bottom,
when the BLOCK feature is decomposed into the
sketch feature and sketch-based extrude feature.
While the BLOCK feature is transformed into the
sketch feature and sketch-based extrude feature in
figure 1-B, the positioning constraint of the corner
point is substituted by its absolute coordinate, which
results in the loss of positioning constraint. The two
examples show that the constraint is often neglected
in FBDX; thus the research on constraint transforma-
tion is significant in FBDX.

This paper proposes the feature constraint trans-
formation method of FBDX in the following sections,
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and the effectiveness of the method will be tested by a
data exchange experiment.

3. Constraint conversion

3.1 Symbol definition

Table 1 shows the meanings of symbols appearing
in following sections.

3.2 Feature transformation

Aiming at transforming feature constraints, it is
necessary to research feature transformation ways,
which is the basis of feature constraint transformation.
M, is an arbitrary model built by S,. If M, is trans-
ferred to Sz as Mj, the transformation ways of arbi-
trary feature F; in M, are as follows.

As the modeling functions of S, are the same as
that of Sp in some degree, the intersection of feature
type set of S, and Sz FTS,NFTSz#® and two basic
definitions were given according to the relations be-
tween F'TS, and FTSj.

Definition 1 Basic Feature Type (BFT). Feature
types in FTS,NFTSp are defined as the basic feature
types of S, or Sp, and FTS,NFTSz C datum feature
U spline or surfaceU sketch U sketch-based feature )
simple design feature detail feature.

Definition 2 eXtended Feature Type (XFT). Fea-
ture types in FTS,® FTS; are defined as the ex-
tended feature types of S, or Sz, and FTS,® FTS,
C voxel feature U complex design feature.

Generally, the modeling functions of BFTs can be
substituted by the BFTs’. The method of feature
transformation was put forward according to the rela-
tions between BFTs and XFTs, and it will be dis-
cussed in two cases.

(1) BFT — BFT

If FT (F,) EFTS,NFTS, then FT (F,) EFTSp. If
F, is transferred to Fp (Fz€ Mp), then FT (Fp)=FT
(F4) and FT (Fg) EFTSp. The transformation from F
to Fp is called as 1:1 transformation, tagged as
F,—% 5 Fp Since BFTs occupy most of all feature
types, 1:1 transformation should be the main trans-
formation.

(2) XFT — BFTs
If FT (F) € (FTS; — FIS,NFTSy), then FT
(Fy & FTS;. Because FTS, -

FTS,NFTSz C FTS,@® FTSg, the modeling function
of FT (F,) can be taken placed by BFTs in S,. Thus
F,should be transformed as m features Fp, (/<k<m),

and FT (Fg;) EFTS,NFTSp. The transformation from
F, to Fpy (1<k<m) is called a decomposing transfor-
mation, tagged as F,—dcomosed , Jf7 | FT (Fy) €
FTS,NFTSy (1<k<m)}. The following is the decom-
posing transformation method presented by author.

The first decomposing transformation way can be
described as the following set relationship.

Fy—deomeoed s f [Fy ] FpoFps [Fad |FT (Fp) E
datum feature, FT (Fy,) Gsketch, FT (Fy;) Esketch-
based feature, FT (Fy,) Edetail feature).

Fy;is a sketch-based feature. The sketch-based fea-
ture includes extrude feature, revolve feature, sweep
feature and blend feature. If F; can be transformed as
different sketch-based features, the priorities will be
extrude feature, revolve feature, sweep feature and
blend feature.

The second decomposing transformation way can
be described as follows.

F —deomosed o gF ) Fyo Fpo| (FT (Fg)=FT
(Fp)=...=FT (F3,)) N (FT (Fg;) Esimple design
feature Vv FT (Fp,;) Esketch-based feature V FT (Fp;)

&spline or surfaceV FT (Fy;) Edetail feature) A
(Isksm))/.

Moreover, the CAD system provides special design
features for designing an injection mold, progressive
die, machine tool and so on.. Methodologies above
will be combined, as these design features are trans-
formed. The following is the transformation way of
“T” slot, which is used to design a worktable of a
machine tool.

T slot —decomosd o Ssketch,extrude,datum plane,
sketch, extrude }

To FBDX, application of methodologies mentioned
above is the precondition that feature constraints are
transformed correctly.

1—SKETCH
2:EXTRUDE
3:DATUM PLANE
4:SKETCH
5:EXTRUDE

T-SLOT ———»

Fig. 2.Transformation method of T s/ot.
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3.3 Identifier of geometric element

The geometric element is the acting object of the
constraint, and its identification has been the focus of
discussion. Researchers put forward many valuable
solutions to this problem. In all solutions, the geomet-
ric certificate proposed by Hoffman is the most influ-
ential. The paper proposed an identification method
of geometric element based on an improved geometry
certificate. The geometry certificate of a geometric
element was defined as a triple (L, 7, P) [14]. L is the
sequence number of geometric elements in list of
points, lines or faces. 7T is the type of geometric ele-
ment which includes points, lines and faces. P is the
characteristic point of the geometric element. While
the receiving CAD system is different from the send-
ing one, the accuracy is bad and the efficiency is low
if a geometry certificate is used to identify the geo-
metric element. This paper improves the geometric
element, and uses a quadruple (F, L, T, P) to identify
the geometric element. F is the identifier of the fea-
ture, and the geometric element identified lies on the
boundary of the feature. 7 is the type of geometric
element. L is the sequence number of geometric ele-
ments in T list of F. P represents the characteristic
parameters.

Fig. 3 shows an experiment about the stability of
the feature’s boundary. In Fig.3, the boundary face
lists of BLOCK in both A and B are {f,f,.f>./5/0fs}
and {s9,5,,5,535,455}, respectively. It is shown that
both the space positions of the faces in {ff1,/./5./0f5}
are the same as the space positions of the faces in
150,51,52,83,5455}. More experiments have been done,
and the results confirmed that the order of arrange-
ment of geometric elements in the feature is stable. So
L can be used to locate the geometric element in iso-
morphism CAD systems.

The so-called feature parameter is the parameter

—l EXTRUDE ant-Y
TagList{0=6303 ——> f‘J TagList]{3]=6306 ——>

A TagList{1]=6305 —— f, Taglist{4]=6304 —= f,
TagList{2]=6307 —. f

{ TagList{0[=6276 «

TaglList{5]=6308 — f
TagLis{3]=6277 —=> S,
Taglist{4]=6273 == 5,

TaglList{5]=6275 —=> §,

TagList{1]=6043 «
TagList{2]=6274 .

Fig. 3. Experiment about the stability of feature’s boundary.

which can determine the space position and the geo-
metric characteristic of geometric elements. For locat-
ing the geometric element with feature parameter, the
feature parameter of geometric element is defined as
{Xni X Yinine Ymar Zoine Zimas Pl P2 -+r P+ Xomine Xrmacs
Vi Yo Zmin a0 Z,,, Tepresent the boundary box, and
n is the number of geometric parameters. For differ-
ent kinds of geometric elements, their geometric pa-
rameters are also different. For example, the geomet-
ric parameters of line are the end points, and those of
arc are the end points and the center point. Fig.4
shows the feature parameters of arc.

As using this kind of geometry certificate to iden-
tify geometric elements, the feature including the
geometric element is found first by F. And then L, T
and P are used to further find the correct geometric
element. The usage of (F, L, T, P) limits directly the
range of geometric element to the feature in which the
geometric element lies. So the positioning efficiency
of the geometric element will be higher when using
(F, L, T, P) to identify the geometric element. Fur-
thermore, the positioning accuracy of the geometric
element will be promoted when the characteristic
point is substituted by characteristic parameters. The
identification method will be applied in feature con-
straint conversion in FBDX.

3.4 Constraint conversion

In this section, the method of feature constraint
conversion is given through analyzing the transforma-
tion method of different kinds of features. Since the
1:1 transformation is simple, this paper will only dis-
cuss the feature constraint conversion method of im-
plicated feature. In order to ensure that the design
intent expressed by Fjp (/<k<m) is the same as that of
F,, the principles about feature constraint conversion
are presented.

(1) There must be equivalent constraints to the fea-

ture constraints of F;in Fgy (1<k<m).

-

P (eara) ={\:min"‘: ma.\f’.].mjn’.rma_\f’ zmin’ “-'maxJP m‘m’P end’P cem‘ei}

Fig. 4. Feature parameters of arc.
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(2) while Fpy (1<k<m) is edited, Fypis, Fppise--»
F,, must change with Fj (1<k<m).

(3) Fpy ({1<k<m) must be constrained completely.

The conversion methodologies of geometric con-
straint, positioning constraint and topological con-
straint are provided, according to these principles.
The conversion method of positioning constraint and
that of topological constraint will be discussed to-
gether because of the mutual transformation relation-
ship between positioning constraint and topological
constraint transformed.

(1) The conversion method of geometric constraint

Geometric constraint is used to constrain the posi-
tion relationship between geometry elements of a
sketch. The sections of implicated features are di-
vided into five primitive sections in Fig. 5.

Implicated features will be decomposed into primi-
tive-section-sketch-based features or their combina-
tion. For pocket feature with fillets, its section cannot
be expressed by primitive section directly. So it is
necessary to get rid of the fillets from the pocket, and
transform the pocket into a combination of primitive-
section-sketch-based features and fillets. While re-
building a primitive-section-based sketch, the follow-

ing geometric constraints should be added to sketches.

(a) perpendicular (e;,e;) perpendicular (e;,e;) /)

perpendicular (e; ,ey)

(b) equal ( ey e3) Nangle (ese3)

(c) equal ( ese,) Nangle (ese;) Nangle (ese,)

(d) No geometric constraint

(e) tangent (e e;) tangent (eye3) Ntangent

(es,ey) Nparallel (e,e3)

In (a)-(e), perpendicular (), equal (), angle (),
parallel () and tangent () represent the constrain
functions among geometric elements e.

(2) Conversion method of positioning and topo-

logical constraint.

e,
(a) (e}
T /—Q—je‘z’—a—w

O

= ' e
(d) (e)

Fig. 5. Primitive sections of implicated feature.

First, if the section of F,is parallel to the link face
of F,, the sketch feature transformed from F, will
attach on the face corresponding to the link face of F,.
The transformation way of F; is as follows.

Fdecomposed  yFy 1 Fyo, .. |FT (Fp,) Esketch fea-
ture, FT (Fy,) Esketch-based feature, ...}.

Sketch feature F; succeeds the topology of con-
straint of F,, and sketch attaches on the face corre-
sponding to the link face of F;. The level and vertical
positioning constraints of F; are transformed from
the positioning constraints of F; the reference geo-
metric elements of positioning constraint are corre-
sponding to the reference elements on which the posi-
tioning constraints of F; attach.

Secondly, if the section of F is perpendicular to
the link face of F,, the sketch feature transformed
from F,must attach on a datum plane. The transfor-
mation way of F; is as follows.

Fy —dcomosed s fFpy, Fgo Fpso| FT (Fz) €
datum plane, FT (Fy,) Esketch feature, FT (Fp3) &
sketch-based feature, ...}

One of the positioning constraints of F, will be
transformed as the positioning constraint of the datum
plane, and the other will be transformed to position
the sketch feature in one direction. The topological
constraint of F, will be converted as the positioning
constraint in the other direction which is vertical to
the former.

Some of the constraint conversion methodologies
are used in the example in Fig. 6, which shows that
the design intents are kept well.

3.5 Global constraint conversion algorithm

This section gives the algorithm of global con-
straint conversion. In order to describe the method,
some definitions are given. If ID (e,) is defined as the
identification function e, then the following is the
definition of identifier mapping set.

<« Dimension Positioning Constraint
@ Concentric Positioning Constraint

*— Topology Constraint

Fig. 6. Example of feature constraint conversion.
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Table 2. Results of data exchange experiment.

251

Source model

Data exchange experiment

Part | Status

Catia

Step AP203

Iges

* Model

Reference [11]

This paper

initial
model

Variant
model

Initial
model

Variant
model

0 Begin;

1 Load M, into CAD System 5
2 Travel the feature tree of M, arud the list of features iz accessed,
3 (et the amount of features, and store it in variant M,

4 Define vatiart § andj, and =0 j=0,

5 Do while 7 =N

It is asmamed that arbitrary feature 7 45 the 1% feature of 1 ;

=

Do while 7=
It iz assumed that arbitrary feature B 7 is the j%feature of M,
If constratnte of F, * reference one  which s the howndaty geometsic slements of F, then

If the constraint is a positioning constraint or a topology constraint, then

PushiIDfe ), ID{e, ) de IS,

End if
=il
End While

Itiz asmamed that arbitrary Feaiee 7 d2 the corresponding feaure of ' in M,

Depress F, * and all other feahares after 7, 7
Elze if the constraint i2 & geomettic oonetrant

Drepress all features after F;
End if
Abstract the iderdifier of e, D2 ),
In M, e, iz the cotresponding geomedtric element of ¢, @ IDye )= fiilye J)

If the constraints of reference on geomettic element e, and the identifier of e | is given as IDfz ), then
FinedfIDfe ) &Ilye J);
dif

Add constraints to 7.

=i,
& Enud while
7 End,

Fig. 7. Global constraint conversion algorithm.
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Definition 3 Identifier Mapping Set. For an arbi-
trary geometric element e, EM,, ep is its correspond-
ing geometric element in Mjp. There must be an injec-
tion f'from M, to Mp, so that ID (ez)=f (ID (e,)). The
mapping relationship from ID (e,) to ID (ep) is repre-
sented as ordered couples <ID (ey), ID (ep)> called
identifier mapping about e4, and all the identifier
mappings form the Identifier Mapping Set in the
transformation from M, to M. Identifier Mapping Set
is simply denoted as IMS.

Two functions are defined on /MS.

(1) Push (<ID (ey), ID (ep)>, &IMS). The function
is used to add <ID (e,), ID (ep)> into IMS, and
return the refreshed /MS simultaneously.

(2) Find (ID (e,), &ID (eg)). The function is used
to search for <ID (e,), ID (ep)> by ID (e,) in
IMS, and return ID (ep).

The algorithm of global constraint conversion is as

shown in Fig. 7.

The constraint conversion from M, to My will be
realized by the algorithm. The validity of this method
will be verified by further experiments.

4. Experiments

A data exchange interface from CATIA to UG has
been developed by VC++6.0, and the method of con-
straint conversion was applied in the interface. The
interface will be compared with other four different
interfaces to verify the method proposed. The four
interfaces are STEP AP203, IGES, * MODEL and
the interface developed according to reference [11],
respectively. Table 2 shows the experimental results
of the contrast experiment.

For every part in Table 2, models in the first row
are the initial model and those in the second row are
the parametric variant model. For part models trans-
formed from different data exchange interfaces, the
first part model expresses the difference of the posi-
tioning constraint, and the second part model repre-
sents the difference of the geometric constraint.

Conclusions are drawn by analyzing results of the
five experiments.

(1) Uneditable target models are obtained by inter-
faces for STEP, IGES and *.MODEL, and de-
sign intent is seriously lost in the process of
CAD data exchange.

(2) If some constraints are ignored in FBDX, pa-
rametric variant characteristics of the target

model will be different from that of the source
one. This will result in the loss of design intent
in heterogeneous CAD data exchange.

(3) If the data exchange interface is developed in
the method mentioned by this paper, the para-
metric variant characteristics of target model
are same as that of the source one in CAD data
exchange. This shows that consistency of de-
sign intent is maintained well and the constraint
conversion method proposed is effective.

5. Conclusion

This paper studied the loss of design intent in
FBDX, and put forward a constraint conversion
method, which is proven to be an effective solution to
this problem by data exchange experiments from
CATIA to UG. Its advantages are as follows.

(1) The parametric variant characteristics of the
model will be maintained well, if the data ex-
change interface with the constraint conversion
method mentioned in this paper is used to trans-
form CAD model.

(2) The constraint conversion method mentioned in
this paper can be applied to develop the data
exchange or transmission tools for collabora-
tive design users, and is valuable for improving
the interoperability between users working on
heterogeneous CAD systems.

(3) The method is a supplement to the theory of
feature-based data exchange between heteroge-
neous CAD systems.
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