
International Journal ofCAD/CAM Vol. 2, No. i, pp. 13-21 (2002) International
Journal of
CAD/CAM

www.ijcc.org

Exchange of CAD Part Models Based on the Macro-Parametric Approach
Guk-Heon Choi1, Duhwan Mun2 and Soonhung Han2*
}Dong Seoul College, Seoul, Korea
2KAIST; Yusong-Kuf Daejon, Korea

Abstract - It is not possi비e to exchange parametric information of CAD models based on the current ver아(m of STER The 
design intent can be lost during the STEP transfer of CAD models. The Parametrics Group of ISO/TC184/SC4 has propo^d 
tiie SMCH schema, which in신ud儲 constructs for exchange of parametric information. This paper propenes a macro­
parametric approach that is intended to provide capabilities to transfer parametric information including design intents. In 
this approach, CAD models are exchang^i in the form of macro files. The macro file contains the history of u^r commands, 
which are used in the modeling phase. To exchange CAD mod미s using the macro-parametric approach, the modeling 
commands of several commeirial CAD systems are analyze. Those commands are clarified and a set of standard modeling 
commands has been defined. Mapping relations between the standard modding commands and the native modeling 
commands of commercial CAD systems are defined. The scope of the current version is limited to parts mod엲in용, not 
瞄 em비 ie 乩
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1. Introduction

More and more enterprise돊 are building systems, that 
can manage in-house resource flows or information 
flows, such as PDM (Product Data Management), ERP 
(Enterprise Resource Planning), and DMU (Digital 
MockUp) systems. For product design and manufacturing, 
companies are enhancing their competitiveness by 
reducing the time-to-market and improving the quality 
of design using CAD/CAM/CAE.

There are two major approaches for information sharing 
among different CAD/CAM/CAE systems. One is the 
static interface of standard data exchange such as STEP 
and IGES, which translate models through a neutral 
file. A snap shot of the model is exchanged. The other 
is to implement the dynamic interface by standardizing 
API (Application Program Interface), AIS (Application 
Interface Specification) of CAM-I (Consortium for 
Advanced Manufacturing International) provides a 
standard programming interface for users to interface 
their own application with CAD/CAM systems.

Whereas the static interface deals with the content 
and structure of data, the dynamic interface provides 
solid modeling and geometric operations [9]. AIS is the 
standardized interface of geometric modelers. Wrsion 
2.1 of AIS has not yet implemented the API for features, 
tolerances, parameters, or constraints [2].

There are two methods for product data exchange
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among different CAD systems. One is direct translation 
and the other is through a neutral format. The method 
of using a neutral format starts from a pre-processor, 
which generates the neutral file from a native format. A 
post-processor receives the neutral file and converts it 
into the native format of the receiving CAD system.

Examples of existing neutral CAD formats are STER 
IGES (Initial Graphics Exchange Specifications), and 
DXF (Drawing Exchange Format). These formats have 
their own limitations. DXF cannot be used for 3D solid 
models, and IGES cannot handle non-geometric data. 
STEP (Standard for Exchange of Product Model Data: 
ISO 10303) includes the product geometric information 
as well as the lifecycle data. However, the parametric 
information cannot be transferred in the STEP data 
exchange [1].

2・ Existing Approaches of Exchangin흠 

Parametric Information

2.1, Problems of STEP Representation for 
Product Data

STEP activity began in 1984 and the first set of 
standards was released in 1994 [21, 22], Because the 
standardization process needs to freeze the technical 
contents at the time of voting, STEP could not reflect 
the latest functionalities of commercial CAD systems. 
In particular, STEP cannot represent design parameters, 
constraints, and features. Furthermore, it cannot exchange 
design intent between different CAD systems.

lb solve these problems, it is necessary to define a 
new STEP schema is needed to solve this problem. The 
schema should include the history-based model and the 
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explicit model, which is the parametric method adopted 
by commercial CAD systems [5].

2.1.1. Explicit model approach
For the explicit model approach, entities for the 

representing geometry of a model are defined in STEP 
Part 42 [21]. New resources define the relationships 
between the parameters and the constraints between 
geometry elements. Thus, this approach is essentially 
constraint-based parametrics. The schema and the classes 
for constraints are already defined in Part 108 [4, 7, 12].

2.1.2. History-based model approach
Although entities for representing a CSG (Constructive 

Solid Geometry) model are also defined in STEP Part 
42 [21], the entities that define a CSG model cannot 
describe parametric dimensions. Part 42 includes the 
entities for Boolean operation, protrusion, and rotation, 
which are used for a model construction operation, but 
it does not include functions (e.g. shelling and draft) for 
history-based modeling that are supported by commercial 
CAD systems [4],

22 ENGEN Project
The ENGEN (Enabling Next GENeration me아lanical 

design) project proposed EDM (ENGEN data model), 
which is a product data model with parameters, features, 
design history, and constraints based on STEP Part 42 
[3]. The purpose of the ENGEN project is to verify 
exchange capability of design intent, which is represented 
by design parameters, constraints, and features. The 
exchange experiments of product information including 
the design intent are among CAD systems such as Pro/ 
E(PTC), I-DEAS(SDRC), and CADDS5(CV).

Because the main focus of the ENGEN project is to 
exchange models with constraints, EDM does not have 
a sufficient number of entities for the design history [8]. 
EDM cannot be used to represent the history-based 
model. Nor does EDM handle the persistent naming 
problem. This is a problem of referencing entities, which 
are implicitly created by modeling operations.

2.3. Approaches of STEP Parametrics Group
At the ISO STEP meeting in October 2001, Bill 

Anderson proposed the SMCH (Solid Model Construction 
History) schema, and provided an updated version of 
the Implementor^ Guide of SMCH [6]. The SMCH 
schema [6] consists of a data structure that enables 
exchan음e of parameters, constraints, features, and design 
history. This schema covers the following scope.

• Geometrically constrained solid models containing 
parametric features.

• Representation of implicit entities and operations 
to enable exchange of history-based models.

• Structures from Part 42 Edition 2 for exchange of 
Constructive Solid Geometry using (regularized) 

Boolean operations of union, intersection, and 
difference on solid primitives, manifold Breps, 
and other solids.

• Exchange of current result of advanced Brep solid 
models

Hua Jiang at NIST achieved exchange of the L~block 
test model between Pro/Engineer and SolidWorks using 
an EXPRESS schema of his own. Bob Tildsley of 
Theorem Solutions translated the construction history 
Part 21 file bi-directionally between CATIA and UG 
[15].

To solve the persistent naming problem, Tony Ranger 
proposed a method that uses explicit entities to represent 
reference model elements. In the case of selecting one 
edge for filleting, the method generates and exchanges 
the explicit geometric entity of the selected edge. The 
CAD system that receives the model data can find the 
reference entities (or the selected edge) based on a 
geometry comparison.

24 Others
The Manufacturing Task Force of OMG (Object 

Management Group) published a CAD Services document 
for the standardized CAD system interface in October 
2001 [13]. Hoffmann suggested E-Rep (Editable Repre­
sentation), which is an interface for creating feature­
based CAD models [10].

3. Macro-Parametric Approach

3.1. Concept of the Macro-Parametric Approach
The macro-parametric approach is another kind of 

history-based parametric method. To transfer parametric 
information including design history, a set of standard 
commands is defined and used as a ne니tral format. A 
macro file that records the modeling command sequence 
or user's modeling history is exchanged. The history of 
user commands, which define a high-level dynamic 
interface, is recorded in a macro file, and the macro file 
is used for the static model exchange.

We get an idea from the database recovery process 
where the transaction log file is 니sed to restore the 
database after a crash. A set of user commands issued 
by a CAD designer during the design task is recorded 
as the modeling history, which implicitly includes the 
CAD designer's intent. This is another method of 
product data exchange because the exchanged macro 
file regenerates the same model inside the receiving 
CAD system [11].

Following Bill Anderson^ definition [3], we define 
the term design intent as “some functional requirements 
provided by customers, that is, a set of geometric and 
f니nctional rules which the final product have to 
satisfy". Therefore the design intent is represented by 
constraints, parameters, design history, and features. By 
translating the command sequence, designer intent can
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Fig. 2. Classification of standard modeling commands.also be implicitly translated.
Fig. 1 shows the data exchange model used in the 

macro-parametric approach. Mapping in the macro­
parametric is comprised of two levels. One is the schema 
mapping between the user commands set of a CAD 
system and the standard commands set. The other is 
the actual data translation between the macro file of the 
commercial CAD system and the standard macro file. 
To translate data models between CAD systems, the 
macro file generated by a commercial CAD system is 
translated into a standard macro file, which is again 
translated into a macro file of the receiving CAD system.

3.2. Standard Commands Set
To standardize the user modeling commands of 

commercial CAD systems we surveyed the modeling 
commands of 6 commercial CAD systems, CATIA, Pro/ 
Engineer, UG, IDEAS, SolidWorks, and SolidEdge. We 
defined a set of 167 standard modeling commands. As 
can be seen from Table 1 and Fig. 2, the set of standard 
modeling commands has 4 groups at the uppermost 
root level - SKETCH, SOLID, SURFACE, and CON­
STRAINT-and the modeling commands are further 
classified into 4 levels [8].

The standard commands set is a common set of 
modeling commands that are used in part modeling 
modules of major commercial CAD systems. It does 
not include commands of assembly or sheet metal 
modules. The macro-parametric approach does not 
deal with assembly level such as a mate condition or 
CAD system's specific and sophisticated commands 
such as the ToroidalBend command of Pro/Engineer.

Table 1. Grouping of standard modeling commands

Root : 4
SKETCH, SO니D, SURFACE, CONSTRAINTS

LEVEL 1:20
Create, Operate, Mo게fy,.....

LEVEL 2:63
LEVEL 3: 100
LEVEL 4:22
TOTAL :167

3.3. Macro Files
Commercial CAD systems use different names for 

the macro files; the trail file of Pro/Engineer, the program 
file of IDEAS, the macro file of UG, the script file of 
CAIIA, and the swb file of SolidWorks. Storage formats 
are also different. Macro files of CARA and SolidWorks 
are written in visual basic code. Macro files of Pro/E, 
UG, and IDEAS, are saved as text files at the level of 
GUI (Graphical User Interface).

During the macro data exchange, the following are 
identified as difficult to convert because recoding of 
these items is system-dependent.

• Information of selected modeling entities
• Coordinate system which is applied
• Information required to generate a local coordinate

Pro/E records the names of selected entities in its 
macro file and uses the 3D coordinates. IDEAS records 
the names of selected entities and uses the screen 
coordinates. UG does not record the names of selected 
entities during the modeling process but it does use the 
screen coordinates. CATIA records the names of entities 
during the modeling process and uses the 3D coordinates. 
For the recording of entity names, the topological 
naming method is used in CATIA. The macro file of 
SolidWorks records the names of entities that the user 
selected during the 2D profile stage, but does not record 
names during the 3D solid stage. It does not record the 
local coordinates used in the 2D profile stage; instead it 
records the 3D world coordinates.

Constraint, parameterization, and feature information 
are also recorded in the macro file in addition to the 
operation history. For example, the following constraint 
commands are defined in the standard commands set.

CONSTRAINTSjCreatejConstramt_Vertical.
CONSTRAINTS_Create_ConstraintJiorizontal, 
CONSTRAINTSjCreatejConstraintJerpendicular
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3.4. A Comparison of Macro-Parametric with 
SMCH

While SMCH uses a hybrid method, the macro­
parametric schema uses a pure history-based approach. 
SMCH is coni{x>sed of two parts, B-rep and construction 
history [2], whereas the macro-parametric employs only 
the modeling history.

In SMCH, for example, a 2D profile, in which the 
explicit relationships among entities are defined, is 
used for the protrusion operation. However, the macro­
parametric approach uses the history-based method even 
in creating a 2D profile. Whereas SMCH explicitly 
defines geometric data, topological data, and their 
relations to create a 2D profile, the macro-parametric 
approach defines a sequence of modeling commands 
which have attribute values as arguments without 가ny 
geometric or topological data structure.

For example, to create a line segment which is de­
termined by two points, only the SJCETCH_Create 
_2D_Line_2Points command with two CARTESIAN 
JPOINTs is required in macro-parametric, whereas 
entities such as CARTESIAN_POINT, VERTEX_POINT, 
DIRECTION, VECTOR, LINE, EDGE^CURVE, 
ORIENTED_EDGE 아io마d be defined in SMCH.

The exchange file size of the macro-parametric is 
smaller than that of SMCH. The macro-parametric also 
has an advantage in Web applications. It is easy to develop 
a translator using the macro-parametric approach because 
most commercial CAD systems support their native 
macro files even when there is missing information.

4. Implementation and Experiments

4.1. Architeture of the li'anslation System
Exchange of macro files with parametric information 

has been implemented and tested between CATIA and 
SolidWorks. The translation 圮어 is accomplished in 
one-way from SolidWorks to CATIA. It has been 
implemented on Microsoft Windows 2000 챦nd MS 
Visual C++. An ACIS 4.0 kernel is u與d as the geometric 
modeling module of the translation system.

Features (extrusion, pad, blend, and cut) and 2D 
profile entities (line, arc, eir이e, parallel constraint, 
and perpendicular constraint) can be handled in the 
system. Because we defined only the commands for 
part modeling as the standard modeling commands set, 
an assembly model cannot be translated by the system. 
Attributes s냐ch as color and material cannot be translated 
either.

Fig. 3 shows the architecture of the macro-parametric 
translator. The translation system has a macro input 
module, a macro output module, a graphical user 
interface, and a macro data translation module. The 
macro data translation module uses the ACIS geometric 
modeling kernel and table of commands mapping. For 
the translation, an internal geometric naoiel has been 
created 냐sing the ACIS kernel. It is used to translate

Macro Parametrics Translation System

V

GUI

J
Geometric Modeling Kernel 

ACJS4.0
Comm 게，d 

Mapping Table
Intem이 Geometric Mod이

Macro Data Translating Module

Macro Input Module | Macro Output Module

System B 

Macro Fife
System A 
Macro File

Fig. 3. Archit^ture of the macro-parametric translator.

commands that are difficult to map directly.

42 Translation Process
Fig. 4 shows the translation process between two 

different CAD systems. Modeling commands of the 
input macro file is ground into sections of construction 
work. The commands in each section are furlher classifiM 
into two gio라ps； one is the 흥roup of commands that 
can be directly translated, and the other is the group of 
commands that cannot be directly translated.

The commands of indirect translation are ones of which 
arguments are difficult to tran이ate. An internal geometric

Fig. 4. Translation process.
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model based on ACIS has been used to extract necessary 
geometric information to translate the arguments. Ex­
amples of indirect translation are commands related to 
the coordinates system, entity selection, and commands 
that are not supported by the receiving system.

4.3. Usage of the Internal Geometric Mod이
Compared with API functions of a modeling kernel, 

user commands that are recorded in a macro file 
constitute a relatively high level interface. Beca니se of 
this characteristic, a macro file can transfer the design 
intent. B니t it is difficult to obtain detailed geometric 
and topological information such as point, edge, or face 
from a macro file. Detailed information of a CAD model 
is required to compute the local coordinates of a feature 
or to solve the persistent naming problem. The persistent 
naming problem originated from different naming con­
ventions for entities generated implicitly inside CAD 
systems.

The entity selection command, SELECT_Reference 
_Entity, needs as arguments, persistent identifiers of 
entities, which are internally generated by a construction 
operation. Although those arguments semantically cor­
respond to each other, they have different formats for 
different commercial CAD systems. The internal geometric 
model contains the detailed geometric information of 
the CAD model. During the translation process, the 
translator obtains the missing geometric information 
from this ACIS model.

Fig. 5 shows an example of using the internal geometric 
model to compute the local coordinates of a feature. 
When we make a cut feature, we need to select the sketch 
plane and to decide on the local coordinates of the 
selected surface. In general, the z vector of the local 
coordinates is determined by a normal vector of the 
selected plane. The internal geometric model is used to 
regenerate the local coordinate information of SolidWorks.

There are differences in the arguments of the entity

Fig. 5. Detail geometric data from ACIS.

SolidWorks : Edge located by (10,10,5)

CATIA : Edge created by extrusion of intersection 

between Line2 and Line3

Fig. 6. Arguments for entity selection command.

selection commands of commercial CAD systems. For 
example, SolidWorks records coordinates of 3D points 
and the type of selected entity, while CATIA records 
the selected entity information using a topological naming 
method.

The differences are o나dined in Fig. 6. In the case of 
selecting one edge that has been created implicitly 
during a protrusion operation after a sketch, SolidWorks 
records the selection information as "EDGE", (10,10,5), 
while CATIA records as ("REdge: (Edge: (Face: (Brp.: 
(Pad.l;0: (Brp: (Sketch. 1 ;Line2))) ;None:()) ;Face: (Brp 
:(Pad.l ;0:(Brp: (Sketch. 1 ;Line3))) ;None: ());None: 
(Limits 1: ();Limits2: ())) ;WithTemporaryBody; Without 
BuildError)", Padl).

lb map these different arguments between SolidWorks 
and CATIA, detailed geometric information is required. 
For the translation from SolidWorks to CATIA, the 
procedure to map arguments using the internal geometric 
model is listed as follows:

• Inside the protrusion feature, find the nearest edge 
from (10,10,5) using the ACIS model.

• Obtain the local coordinates of the starting point 
and end point of the found edge. If both of the z 
values of the two points are 0, the edge is located 
on the sketch plane. If both of the two z values are 
non-zero, the edge is located one the opposite side 
of the sketch plane. Otherwise, the edge is located 
on one of the sides of the protrusion feature. In 
Fig. 6, the selected edge belongs to the last case.

• Comparing the x, y values of the selected edge 
with those of the edges in the sketch plane 냐sing 
ACIS API, we find that Line2 and Line3 have the 
same x, y values with the selected edge in this case.

• Define arguments for the selection command of 
CATIA according to the topological naming method 
of CATIA.

4.4. Exchange of Sketch Information
In a macro file, the sketch section starts with defining 

the sketch plane, and ends with defining a feature of 
which the sketch is a part. For example, in a standard 
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macro file, the sketch section begins with selecting the 
sketch plane using the plane referencing command, 
'CONSTRAINTS^Create^DReference^Plane5, and it 
comes to an end with a feature creation command such 
as 'SOLID_Create_PFOtrusion_Extrude'. During the sketch 

section, the sequence of user commands of 2D sketch 
modeling is recorded.

For the constraints solving problem that occurs in a 
CAD file translation, the macro file simply describes 
the fact that 2D constraints are imposed, and the translator

n
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Parametric Change
"BRJE31

-Protrusion Length： 80 60
- Blend Radius ： 20 ■승 5
-St Depth ： 20 ) 5
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Fig. 7. Experiments of CAD model exchange.
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Fig. 8. Example of CATIA, SolidWorks, and Standard macro files.
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does not solve the constraints at all. Instead, the 
constraints are handled by the constraint solver of the 
receiving CAD system.

4.5. Tran아ation Test from SolidWorks to CATIA
A translation experiment between SolidWorks and 

CATIA using the macro-parametric method has been 
performed. We used the L-block as a sample model, 
which is also used by the STEP Parametrics Group for 
the SMCH (Solid Model Construction History) project. 
The L-block has 2D sketch entities such as line, arc, 
circle, parallel constraint, perpendicular constraint, and 
features such as protrusion, cut, and blend.

For the macro file translation, which includes translation 
of design intent, we have to solve two problems. First, 
it is necessary to resolve differences in entity selection 
commands and their argument types. The second issue 
is that the macro file of SolidWorks does not record the 
local coordinates of a feature. In the experiments, we 
have generated an internal geometric model to map the 
edge information, which is selected for blending, and 
the face information, which is selected to make the cut 
feature. To obtain the local coordinates that are required 
by the CATIA macro file, the intern이 geometric model 
is also used.

The translation result of the L-block model from 
SolidWorks to CATIA is 아lown in Fig. 7. The feature 
tree inside the CATIA window confirms that parametric 
information is transmitted from SolidWorks to CATIA. 
The right side of Fig. 7 shows the parametrically changed 
model after the translation. We have changed protrusion 
depth, blend radius, and cut depth. Fig. 8 shows three 
macro files of SolidWorks, CATIA, and the standard 
commands.

5. Conclusions

We propose a macro-parametric approach to exchange 
CAD model data between different CAD systems. In 
this approach CAD models are exchanged in the form 
of macro files, which is a sequence of modeling commands 
used in the modeling process. We have experimentally 
verified the capabilities of the macro-parametric approach 
by exchanging a CAD model between CATIA and 
SolidWorks.

The standard set of modeling commands is derived 
from the user commands of part modeling modules of 
major commercial CAD systems. In order to implement 
the macro-parametric exchange system, we grouped 
modeling commands of commercial CAD systems into 
categories such as SKETCH, SOLID, SURFACE, and 
CONSTRAINT.

We use the solid modeling kernel ACIS 4.0 to generate 
an internal geometric model, because some mappings 
between modeling commands from a commercial CAD 
and standard commands could not be resolved directly. 
The problem stems from the differences in commands

(a) (b)

Fig. 9. Systems using API functions.

of each CAD system, such as the commands for local 
coordinate systems, or the commands for selecting an 
entity. We have utilized the internal geometric model to 
map ailments between mismatching modeling com­
mands. Those arguments semantically correspond to each 
other % have different formats.

Modeling functions of part modeling modules of- 
commercial CAD systems are quite stable (or mature). 
There will be few changes in the basic modeling 
functionality coming from software version upgrades or 
extensions. However, the format and contents of a macro 
file may change considerably. In addition, the macro­
par ametric method is problematic CAD systems that do 
not generate macro files.

Future research may focus on 나sing API and auxiliary 
data. One solution is to use API to develop the pre­
processor and post-processor. This idea is illustrated in 
Fig. 9. We may utilize auxiliary files from commercial 
CAD systems, for instance, the syslog file of a UG 
system, to extract missing information.

The macro files vaiy from designer to designer, because 
the modeling steps vary accordingly. We may need to 
clean up or to optimize the raw macro files into more 
compact and easy-to-convert formats.

In this study, we surveyed only part modeling 
commands of 6 commercial CAD systems to define a 
set of 167 standard modeling commands. However, 
assembly modeling is important in design. The standard 
modeling commands set should be expanded to include 
assembly level commands. Some compound commands 
or CAD system specific modeli다g commands such as 
ToroidalBend of Pro/E can be assembled with multiple 
standard modeling commands, which can be a separate 
and reusable macro file.

Previous studies on persistent naming problem 
generally deal with how to define persistent naming 
and matching of implicitly ge다erated entities when 
construction and editing operations are issued in a 
modeling phase [16, 17, 18]. To exchange data with 
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design intent, we need to know how to map persistent 
identifiers between different persistent naming schemes 
of commercial CAD sy 이ems [20].
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