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ABSTRACT Model Based Definition (MBD) technology has evolved over the last two decades to become
the core of digital product development, containing all Product Manufacturing Information (PMI) as a
source of data for the future product lifecycle, and offers unparalleled advantages in terms of information
storage and intuitive labelling compared to paper-based engineering drawings. However, as digitisation
increases, the number of product types and the correspondingly more complex manufacturing processes,
neutral data formats are often distorted or even lost when used across systems, leading to design and
manufacturing errors. Therefore, there is a need to build a bridge between information interactions so that
models can be accurately and efficiently transferred from one computer-aided design system to another.
This paper proposes a method for unifying PMI structures by analysing STEP files to establish geometric
dimensions and tolerances, annotating and decomposing several types of generic geometric elements into
basic dimensional elements and positional information, establishing intuitive model-PMI relationships, and
extracting the elements required for the exchange process and storing them in a STEP parser for PMI product
information construction between different systems. Through experimental analysis, the method proposed
in this paper has been shown to be highly accurate in exchanging information between three different CAD
systems, achieving clarity, certainty and consistency at different stages of the product lifecycle. This STEP
file approach enables structured analysis of data and significant savings in time costs and human resources.

INDEX TERMS Feature extraction, PMI, semantic representation, STEP, tolerance semantics.

I. INTRODUCTION
In today’s machine engineering industry, computer-aided
design (CAD) andmanufacturing software is used throughout
the entire production and maintenance chain and shows a
trend towards increased complexity in technology and oper-
ational processes [1]. Digital technology as a process for
assessing the degree of digitisation and exchange of product
data has become key to the development of global man-
ufacturing. The development model for the integration of
product design, manufacturing processing, inspection, oper-
ation and maintenance throughout the product life cycle has
evolved from 2D engineering drawings to 2D engineering
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drawings+3D models and then to MBD full 3D digital
models [2]. With increasing specialisation, the dichotomy
between design and manufacturing used to transfer informa-
tion from different areas in the development phase [3] often
leads to redundancy and errors in document information,
while often lacking readability for the user. To address this
increasingly prominent problem, data representation stan-
dards are even more important for digital manufacturing
when exchanging products between CAD and manufacturing
software applications [4], [5].
In terms of research in the direction of MBD data capture

and visualisation, the visual and clear representation of geo-
metric design intent to the user is essential to enhance the
product model and its widespread use [6]. Therefore an intu-
itive display of geometric model information is an important
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requirement for the future planning and manufacturing of
MBD model processes. Currently 3D geometric models are
considered as carriers for information storage and a frame-
work for information reuse is developed [7]. This approach,
which is aimed at 3D geometric models as the object of study,
is not fully applicable under the more complex MBD mod-
els of product model integration, especially as dimensional
integrity checks are becoming increasingly important in prod-
uct design. To address this issue, a number of verification
methods based on computer-aided design and manufacturing
(CAD/CAM) technology have emerged in recent years. One
of the more popular methods is the intelligent reasoning
method for dimensional integrity checking of mechanical
parts with geometric element constraint states [8].
Furthermore, in terms of document readability, the PDF/E

format has become the standard for the exchange and archiv-
ing of engineering documents in recent years [5], [9], yet user
readability is still an issue in terms of the effectiveness of
achieving this. STEP AP242, the standard protocol for MBD,
states that MBD needs to include geometry data information,
manufacturing and inspection information, etc [10]. In fact,
this data cannot be used effectively. Among other things,
although the syntax, structure and annotation of PMI in 3D
models are consistent under the definition of this standard,
in reality CAD manufacturers do not fully comply with
this standard. Also different engineering and manufacturing
applications represent the same PMI data differently [11].
STEP File Analyzer and Viewer, a software designed by
the National Institute of Standards and Technology (NIST),
is used for the syntactic, semantic correctness of the imple-
mentation of CAD exported STEP files in PMI [12]. Since the
STEP AP242 protocol is based on the EXPRESS language,
the PMI of the product data model can only be presented
in the correct syntax, but not its semantics [13]. All these
difficulties make product information interoperability still as
an obstacle to be overcome [14].
Based on the above analysis, and in response to the increas-

ing demand for information interaction, this paper proposes
a construction method based on CAX-IF recommended prac-
tices to improve interoperability between systems and reduce
information redundancy to increase document reading speed.
The paper is then organised as follows: Section II intro-
duces theMBD 3D semantic association and related research.
Section III elaborates and explains the details of the proposed
approach. Sections IV and V shows the experimental results
and analyses the comparisons. Finally conclusions and future
work are drawn.

II. RELATED WORKS
A. DATASETS UNDER MODEL DEFINITION
The manufacturing industry has developed to date and digi-
tal design has assumed an increasingly important role in it.
Among the products in the design and manufacturing chain,
such as machinery, vehicles, ships, electronics and many
other complex areas of the manufacturing industry, data col-
lection, data visualisation and data representation have been

FIGURE 1. The content of MBD model specified in ASME Y14.41.

explored in depth and MBD methodology has been devel-
oped [15]. Among them, MBD integrates the design informa-
tion, geometric information, manufacturing information and
other information of the model with the 3Dmodel in the form
of a data set. And in 2003 in theAmerican Society ofMechan-
ical Engineers (ASME), the definition formed the digital
product definition data practice ASME Y14.41-2003 [16],
which was revised nine years later to ASME Y14.41-2012.
the International Organization for Standardization (ISO)
referred to ASME Y14.41 in 2006 to develop a technical
product document ‘‘Digital Product Defining Data Practices
ISO 16792-2006’’ [17]. These protocols provide a complete
definition of the basic content of an MBD dataset, including
engineering drawings, models, revision history, and provide a
complete definition of parts lists, materials, annotations, and
analysis applications.

Unlike the 3D geometry model, the geometry model of
the MBD dataset is integrated into the geometry model by
integrating geometric dimensions, roughness and tolerance
degrees from technical information [18], which is shown in
Fig 1.

Where design model refers to the geometric definition
and auxiliary geometry of the product. Notes are the dimen-
sions, tolerances, roughness and various textual descriptions
displayed on the model. Attributes are the dimensions, toler-
ances, notes, text or symbols required to fully define a product
or function and can be obtained by querying the model [19].

ASME Y14.41 and ISO 16792 primarily specify the con-
tent of MBD datasets and product geometric dimensions and
tolerances (GD&T) [20] for the symbolic language of engi-
neering drawings and models, and later ASME Y14.9 and
ISO 1101 further specify GD&T for the display of permis-
sible errors in the geometry of defined features in three
dimensions. Based on the establishment of such standards,
the problem of user-oriented GD&T was basically solved,
making the promotion of MBD a more solid basis. In order
for MBD to support the implementation of 3D digital design
and manufacturing, MBD data sets need to be represented
as information that can be recognised and processed by
computers.
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FIGURE 2. Data exchange between two CAD systems by neutral file.

Therefore, the existing Application Protocol (AP) and
STEP (Standard for the Exchange of Product Model Data)
parts 203 and 214 were built upon. The STEP AP242 neutral
file, also known as an AP242 file [21], is the most commonly
used implementation of the STEP standard today, enabling
access to the MBD dataset of the system in which it is located
and the interaction of data between different CAD systems
via a STEP neutral file. This implementation defines a set of
fixed text formats and fixed entity data representations that
can be converted to neutral files between systems to enable
the exchange of data between systems [22].

B. EXCHANGE OF INFORMATION BETWEEN SYSTEM
Data exchange and translation in CAD systems is usually
divided into:

(a) direct translation between two CAD systems
(b) Conversion of model information into a neutral file

format for information exchange
Since the direct interaction of data between different CAD

systems is limited by the format, neutral formats are widely
used for data exchange [23]. The neutral file exchange infor-
mation is shown in Fig 2. Both CAD systems need to be
processed by a pre-processor and a post-processor in order
to interact with other systems for product data. The software
outputs the model as a file of a certain format, which can also
be read by the post-processor, usually in STEP, IGES, STL,
etc. As the core component of the CAD system, the collection
engine, the data exchange between CAD systems is in fact an
internal collection engine that interchanges data.

AP242 gives important support to the application of MBD
methodology in the case of STEP as a neutral format, offer-
ing great convenience to engineers in terms of information
interaction. However, AP242 also has certain limitations: on
the one hand, when the model file in which it is located is too
large, the model tends to cause problems with the model file
being too slow to read and taking too long to load when it is
read. This can result in a lot of unnecessary time being spent
on reading the file, so there is a need to further improve the
read speed of neutral files. Furthermore, althoughAP242 pro-
vides a detailed representation of theMBD, ambiguities in the
product manufacturing information arise due to defects in the
CAD software itself, or due to the designers themselves not
following the appropriate design rules in the model design.
This problem is not avoided by converting the data to a neutral

FIGURE 3. Example of a dimension-associative object.

file in these and other situations that may lead to defects in the
product. The first problem is to improve the read rate of STEP
neutral files. After studying the structure of neutral files and
the framework of the read process, a solution is proposed.

C. MBD MODEL SEMANTIC ASSOCIATION
In this paper, tests in UG NX 12.0, CATIA V5 and Creo 9.0
revealed that there are various forms of association between
3D annotations and geometric features in 3D CAD software.
This will have an impact on the subsequent understanding
of the STEP file, which will not be able to achieve the
correspondence between the geometry and PMI of the neutral
file; it will be inconvenient for the subsequent design of the
information interaction between the various CAD systems
and the speed of the file reading, so it is necessary to study
the semantic association of 3D annotation features.

PMI is used as supplementary data to product geometry to
transfer product definition information in 3D CAD systems
for product manufacturing, maintenance and inspection. PMI
includes product dimensions, tolerances, material specifica-
tions, weld symbols, surface finishes, user defined property
data and 3D annotations. As dimensional and geometric toler-
ance (GD&T) data is the most important information in PMI,
in order to assess the ability of CAD systems to implement the
AP 242 protocol, the STEP file analyser software developed
by NIST performed verification and validation tests on the
output files of each CAD system and found that inconsis-
tencies still existed. Its information is mainly combined into
model geometry through boundary representations (B-rep),
which provide a rich and detailed description of the product.
The B-rep in the definition of AP 224 works well with the
machining feature library, but does not establish any relevant
semantic information [24]. The AP 242 information standard
is able to capture its information, however this combined
representation does not provide accurate information on the
key features or geometry of the part to be manufactured, mak-
ing it only understandable to designers and process planners
with a high level of work experience, which will greatly limit
future rollouts. Therefore, before the data analyser is built,
the model is grouped with different calibration measurement
features according to the different calibration information.
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FIGURE 4. PMI test case drawing.

The tests were carried out in UG NX 12.0 software,
by using the PMI annotation module of this software. The test
artefacts are annotated in Fig 3. Themeasurement dimensions
D are associated to different objects, 1) when face and face
are associated objects (Fig 3(a)); 2) when face and line are
associated objects (Fig 3 (b)); 3) when line and line are asso-
ciated objects (Fig 3(c)); 4) when line and point are associated
objects (Fig 3(d)); and 5) when point and point are associated
objects (Fig 3(e)). When the above five are selected for
dimension D, only a correctly expresses the designer’s design
intent, which is meant to indicate the distance between face A
and face B. and not to indicate the distance between face B
and line C, nor is it intended to indicate the distance between
edges; therefore the way b, c, d and e are labelled, creates
ambiguity and error.

If they can be expressed in a computer-interpretable lan-
guage and the STEP file parser can be extended to read and
process the language, then it can be the framework software
used in any neutral file.

III. MODEL SPECIFICATION AND SEMANTIC
CONSTRUCTION
A. CONSTRUCTION OF PMI
PMI constructs consist of one or more annotated entities
whose constructs contain dimensional dimensions, datum
features, feature control boxes (parallelism, position, per-
pendicularity, flatness, cylindricity, coaxiality, etc.). The test
geometry model used in this paper contains 2, 5, 7, 10,
13, 18, 21, and 32 of the constructs. In the CAD example
shown in Fig 4, the information marked as a red circle with
a radial dimension of 50, an upper deviation of +0.1 and a
lower deviation of 0 is sorted as 13 in the PMI construc-
tion and belongs to the equal bilateral tolerance dimension.
The documentation of this radial dimension in the CAx-IF
recommendation is shown in subsection 3.2.2 [25]. In the

block diagram of this example, the rectangular box repre-
sents the entity name and the attribute is shown next to
the connecting line between the entity names. The end of
the connecting line connecting the rectangular box with a
small circle connects the range of the attribute, while the side
without the small circle belongs to the area of the attribute.
For example, the dimensional_characteristic_representation
as an entity has two attributes (dimension and representation).
dimensional_location and shape_definition_representation
represent the range of these two attributes respectively.
representation represent the range of these two properties
respectively.

Fig 4. shows a block diagram of the instantiation of geo-
metric tolerances. Note that some properties of the entity
classes are not labelled in the diagram in order to simplify
the instantiation diagram.

B. SEMANTIC REPRESENTATION CONSTRUCTION FOR
PATTERN SPECIFICATION
CAx-IF is a forum co-sponsored by ProSTEP iViP and PDES,
Inc. to promote the development of CAx system conversions
and to meet the needs of users for interoperability. models
against which to compare their detection ranges. In order
to achieve PMI interactivity in STEP files, this paper builds
PMI constructs based on PMI representation in recommended
practice. The constructed PMI can be used as a data source
for general use with other CAx software to achieve PMI
interactivity and also as a framework for PMI information
consistency checking for STEP neutral files.

The scope of PMI as a non-geometric attribute for con-
veying CAD systems can be broadly divided into GD&T
information, 3D text annotations, 3D symbols and cus-
tom attributes [26]. The construction of an axiomatic set
of PMI domain terms as recommended by CAx-IF in
practice describes the encompassing relationships between
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TABLE 1. The Construct, syntactic and semantics representations associated with concepts in SROIQ(D).

all terms and SROIQ(D) based terms. For example,
we can define the follo-wing domain terms:shape_aspect,
geometric_representation_item, geometric_item_specific_
usage,dimensional_location, product_definition_shape,plus_
minus_tolerance, dimensi-onal_ characteristic_representation,
shape_dimension_representation,tolerance_value, measure_
with_unit. unit. The specific meanings of these terms are as
follows:

1. shape_aspect is used to represent the concept of GD&T
characteristics as a composite concept (which may
be defined by another concept) and is defined as
follows:
shape_aspect ≡ ∃ID.decimal ∧ ∃name.string
∧∃description.string ∧ ∃of _shape.product_definition_shape
∧∃product_definitional.boolean
where ID, description, of_shape and product_definition
are attributes of shape_aspect. decimal, string, boolean,
product_definition_shape are ranges of the correspond-
ing attributes and are constructors of SROIQ(D).
To simplify the description, only the _shape attribute
is labelled in Fig 8.

2. geometric_item_specific_usage is used as a concept
for an intermediate entity connecting the shape_aspect
entity to the geometric_representation_item entity and
is defined in a simplified way as follows:
geometric_item_specific_usage ≡ ∃definition.shape_aspect
∧∃identified_item.geometic_representation_item

3. dimensional_ location as a concept for representing
dimensional locations with the following simplified
definition:
dimensional_characteristic_representation ≡ ∃dimension
.dimensional_characteristic ∧ ∃representation
.shape_dimension_representation

4. dimensionl_ character_ representation as a concept
representing a dimensional feature with the following
simplified definition:
dimensional_characteristic_representation ≡ ∃dimension
.dimensional_characteristic ∧ ∃representation.
shape_dimension_representation

5. plus_ minus_ tolerance as representing the concept of
having upper and lower tolerances, with the following
simplified definition:
plus_min us_tolerance ≡ ∃range.tolerance_value
∧∃toleranced_ dim ension. dim ensional_location

6. shape_ dimension_ representation indicates a dimen-
sional tolerance with the following simplified
definition:
shape_dimension_representation ≡ ∃items.measure_with_
unit

7. tolerance_ value indicates a tolerance value, which is
defined in simplified form as follows:
tolerance_value ≡ lower_bound .measure_with_unit
∧upper_bound .measure_with_unit

8. measure_ with_ unit indicates the type and value of the
parameter beingmeasured, which is defined as follows:
product_definition_shapeisusedtorepresenttheentityofthe
product

9. dimensional_ characteristic indicates a dimensional or
position-related characteristic with the following sim-
plified definition:

dimensional_characteristic

≡ dimensional_location ∨ dimensional_size

The above nine expressions belong to the concept defini-
tion metric in SRIOQ(D). In the practice recommended by
CAx-IF, another concept metric can be used to define
the hierarchical relationships between classes. In the
following expressions, angle_location is a subclass of
dimensional_location and angle_size is a subclass of
dimensional_size:

angle_location ⊆ dimensional_location

angle_size ⊆ dimensional_size

We can provide an interpretable semantics for computers
by defining the expression of the above concepts. In I =

(1I , •I ),where 1I is a non-empty universe of domain values,
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FIGURE 5. Class view based on the test model.

FIGURE 6. Example Nominal Value with Plus/Minus Bounds.

and •
I is a mapping function. In Table 1 the constructs, syntax

and semantics associated with the concepts in SROIQ(D) are
listed. This is then explained by the definition of the first
expression in this subsection. Its concrete interpretation can
be seen in Fig 5.

(shape_aspect)I ≡ (∃ID.decimal ∧ ∃name.string
∧∃description.string ∧ ∃of _shape.product_definition_shape
∧∃product_definitional.boolean)I

= (∃ID.decimal)I ∧ (∃name.string)I ∧ (∃description.string)I∧
(∃of _shape.product_definitional_shape)I

∧(∃product_definitional.boolean)I

=
{
x|∃y, ⟨x, y⟩ ∈ IDI ∧ y ∈ decimalI

}
∧

{
x|∃z, ⟨x, z⟩ ∈ nameI

∧z ∈ stringI
}

∧
{
x|∃h, ⟨x, h⟩ ∈ descriptionI ∧ h ∈ stringI

}

FIGURE 7. Instantiated block diagram of Nominal Value with Plus/Minus
Bounds.

FIGURE 8. Instantiated block diagram of the geometric tolerance.

C. CONSTRUCTION OF SEMANTIC ASSOCIATION OF PMI
MODEL
The CAD model in Fig 4, is examined in order to provide
a more visual representation of the PMI information in the
CAx-IF recommended practice for constructionmethods, and
subsequently in order to test the validity and accuracy of
the proposed method. The corresponding product informa-
tion intent is collated according to the geometric product
specification and relevant design standards. As an example,
the model was collated using the product design information
Linear size(13). In the PMI Test example, there are nine
annotated entities, as shown in Fig 5(a). Among them, Linear
size (13) consists of DIMENSIONAL CHARACTERIS-
TIC_REPRESENTATION, DRAUGHTING_MODEL_IT-
EM_ASSOCIATION, GEOMETRIC_ITEM_SPECIFIC_
USAGE shown in Fig 5(b), the build consists of 7 items.
These product information will eventually be composed as
CARTESIAN_POINT information with VERTEX_POINT
as shown in Fig 5(c).

D. STRUCTURAL KNOWLEDGE OF PATTERN
SPECIFICATION SEMANTIC REPRESENTATION
Taking the example of the large Radius dimension (21),
shown in Fig 6, which is represented as the nominal value of a
tolerance and carries a set of positive and negative deviations
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FIGURE 9. STEP AP242 in textual format.

or bounds from that tolerance, then the entity shown would
be used to instantiate a STEP file. An example of this type of
dimension is shown in Fig 7 below.

Where the values of positive and negative tolerances can be
found in the measure_with_unit entities which are referred to
by the ‘‘upper’’ and ‘‘lower’’ attributes of the tolerance_value
entity. Even if the tolerance_value is given as an upper or
lower limit, the value should still be considered as an offset
from the nominal value. For example, the lower limit should
normally be a negative number and the upper limit a positive
number. The same can be said for two positive or two negative
markers [27].

E. STEP FILE STRUCTURE
With a strong descriptive language such as EXPRESS [28],
the definition and specification of the data model and the
related constraint information are described in detail. Thus
STEP neutral files have a strict standard specification and
are designed to enable fast data exchange and sharing of
products, without relying on a specific exchange system. The
format structure is non-dualistic and unrelated, the text code
contains geometric, topological and management informa-
tion, and the entire file structure forms the basic structure of
STEP [29], [30]. It is easy to process by computer software.
It is important to note that what is displayed in the STEP

file depends on the export settings defined by the respective
CAD system. As shown in Fig 9, each entity instance has a
unique definition and this ID can be used as a reference to
other entities as well as referencing other entities. In subse-
quent readings of the STEP file, only the relevant information

FIGURE 10. The overall architecture of the STEP parser.

can be extracted and stored. References to tolerances and
datum features can also be extracted when using the relation-
ships of the individual entities in the STEP file when reading
GD&T information. The three parts of STEP (A to C) are
summarised as follows:

Sec A: Neutral documents start with ‘‘ISO-10303-21;’’ at
the head and end with ‘‘END-ISO-10303-21;’’ at the end.
This indicates that the format conforms to the rules required
by part 21 of ISO-10303 (STEP standard) and that the head
and tail sections appear only once in the document.

Sec B: The HEARED section immediately follows to indi-
cate the file start flag, followed by the file creation date, file
name, computer-aided design software system version and
licensing information, and the file mode indicates the name
of the STEP application protocol that provides the file [31].

Sec C: Each line in the data segment section is represented
as a specific example data information, which contains model
geometry information, topology information, etc. The data
structure is represented as follows: # Instance Identifier =

Instance Type (Attribute 1, Attribute 2, . . . . . . ). It is important
to note that the instance identifier is randomly assigned by
the system to uniquely identify the instance data; the instance
type is used as a specific entity type defined in the STEP
standard to describe the instance type to which the instance
belongs. The content in brackets immediately following the
instance type is used to correspond to the displayed attributes
of the entity type, which may be one or more, with com-
mas separating the attribute values; the attribute values may
consist of specific numbers, strings, three-dimensional coor-
dinates ((0, 0, 0)), references to identifiers of other attributes
(#14), logical values (.F.), etc.

IV. RESULTS
A. STEP FILE PARSER OVERALL BUILD PROCESS
In sections II and III the MBD model and PMI information
are defined and represented. In this section the following
issues are addressed: how to build a STEP file parser based
on STEP neutral files, to achieve neutral files to reduce file
redundancy, in different applications and to speed up their
process. Quickly build associations with entities to support
further applications.

In this paper, C# is used as the language for the STEP
parser and the parsing process is based on the representation
structure presented in section III-C. The overall construction
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FIGURE 11. PMI information extraction optimization algorithm.

process for parsing a STEP file of PMI information is shown
in Fig 10. First, a file describing the product information is
generated in CAD software A by constructing a 3D model
with PMI information; the AP242 file with the product geom-
etry information model and the technical information model
exported by the CAD software is used. In the STEP file
parsing, the relevant technical and geometric information is
extracted and its associated groups are constructed. The prod-
uct information is then associated with the geometric infor-
mation to form the STEPfile parser. The extraction of product
information and the association of geometric information are
the key steps in the construction of the above parsing network.
The network construction process is described below.

Before writing to the AP242 output file, the system per-
forms a basic check on the model. It checks the following.

• Is the entity a feature or a sizing feature? For size
features, relate the tolerance to the shape_aspect or
derived_shape_aspect entity.

• Avoid redundant data, for example by reusing existing
data rather than redefining it.

• Ensure that dimensions, sizes and shape tolerances
have no datum associated with them.

B. DESIGN INFORMATION EXTRACTION PROCESS
At this stage, CAD software mostly uses the AP242 edi-
tion to store 3D annotation information in STEP neutral
files, whose mosaic processing method fragments the geom-
etry set and leads to slow information processing, and does
not preserve the semantics of technical information. This
paper proposes an information extraction algorithm based on
STEP242 neutral files to extract the corresponding geometric

FIGURE 12. PMI index structure.

and technical information. The algorithm reads the neutral
files sequentially, and the annotated information forms a
geometric information relationship network and a geometric
information annotation network in turn. Finally, the neutral
file reading network is constructed by forming a file nor-
malisation structure through XML, and the flow is shown in
Fig 11.

Due to the wide range of PMI information extraction, the
general process of information extraction is the same, and the
block diagram of the proposed information extraction opti-
misation algorithm takes Linear Dimension as an example to
briefly describe the information extraction process.

Step 1: Extract the PMI annotation information Linear
Dimension Read the STEP file and iterate through the files
in the file, when the index information is the same, extract
the key information to get the relevant information in the
STEP file Linear Dimension (3) Linear Dimension (4), etc.,
establish the relationship between Linear Dimension() and
extraction, merge the same categories, and the merged ones
as child nodes. The merged ones are used as child nodes
to form a network of information associations for the next
step.

Step 2: Extract relationships between geometric and
technical information. GEOMETRIC_ITEM_SPECIFIC_
USAGE to associate SHAPE_ASPECT and GEOMET-
RIC_MODEL_ITEM (ADVA integrates such relationships
into the geometric information relationship network through
traversal to form a geometric and technical information
network.

Step 3: The parsed PMI annotations and the coordinates
of the geometric objects to which they are attached are struc-
tured and stored as .xml files, which can be called model
information annotation profiles.

In the parsing of STEP files, the information extraction
and structuring module is called from the toolbar. This mod-
ule reads and processes the PMI part of the STEP file to
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FIGURE 13. GUI of the STEP parser.

form an Extensible Markup Language (XML) index file.
This index file makes it possible both to establish the rela-
tionship between products and product information and to
optimise the content of the information. Take ‘‘Linear Dimen-
sion (10)’’ as an example, the three-dimensional dimen-sions
marked by ‘‘PMI’’, which can be automatically mapped
to two-dimensional engineering drawings, are organised in
XML as shown in the Fig 12. The structured information
of the Dimension (10) is associated with the corresponding
plane as follows:

1. the root node STEP_PARSES_FILE contains the basic
attributes such as the name of the product model, the
path to the file where the product is located, etc. Each
STEP neutral file index file corresponds to the corre-
sponding product model.

2. The sub-node FlATNESS_TOLERANCE_CLASS
represents the class used to store the model PMI, while
the Linear Dimension (10) represents the correspond-
ing model information.

3. FlATNESS_TOLERANCE represents the attributes
of FlATNESS_TOLERANCE_CLASS. Value type
indicates the tolerance dimension of the Linear
Dimension (10).

4. Plane1 class is an identifier in the product model,
containing StartPoint and TerminalPoint information.
It is used as a unique identifier to solve the problem
of mapping information between PMI and the model
fusion process in AP242 file extraction.

5. Another model identifier for Linear Dimension (10).

C. APPLICATIONS
The Fig 13 shows the GUI of the STEP parser. The first tab
‘File’ shown in the interface is divided into two import mod-
ules. After selecting the STEP file to be parsed, the boundary

representation model will be visualised in the ‘Model’ box in
the GUI and the STEP file will be structured by the parser
to provide the initial PMI information in the CAD model,
in order of PMI information. When the information to be
queried is selected, the block diagram shows the specified
name and tolerance type, the corresponding tolerance values,
and the reference information and dependent geometry.When
the analysis is complete, the analysed STEP file is exported
by clicking on the tab ‘Export’. Fig 13(a), for example, shows
the Linear Dimension (10) of the model, where the PMI infor-
mation has been formalised in a row for easier understanding.

The second tab ‘View’, shown in Fig 13(b), allows you to
change the feature information you need to view by using the
drop down, and the block diagram on the left side clearly
shows the Cartesian coordinate point information for the
associated plane. When the tab ‘Show’ is clicked, the Model
box on the right shows the position of the two associated
planes of PMI information.

V. DISCUSSION
In this paper, the proposed method for parsing PMI in MBD
models is constructed to include the extraction of structured
information and the presentation of semantic relationships in
MBDmodels. Next, the effectiveness of the proposed method
is illustrated in the following two aspects.

A. RELIABILITY VERIFICATION
The broad applicability of ontologies, especially in the man-
ufacturing domain, makes the interaction of information
between different systems a daunting task. The diversity of
concepts and the extensive semanticmismatchmake seamless
interpretation still a challenge [32].

With STEP File Analyzer, the PMI is structured in the
STEP file and can be used for a specific representation of
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FIGURE 14. Single feature model from three different CAD systems converted to STEP File Analyzer.

TABLE 2. Compatibility testing between Linear Dimension and various systems under a model.

TABLE 3. Compatibility testing between Radial dimensions and various systems under a model.

the same product component in different systems. Here it
is necessary to find out the basic annotation information
for each CAD software, create the same product compo-
nent model in each software, annotate the component with
PMI and generate and export it programmatically as a STEP
file. Next, the elements that are being displayed but are not
required are removed and the remaining files are the entries
necessary for the components represented by each software.
As the components described by the three different CAD
software have the same entries as necessary and only the same
PMI information needs to be displayed. By this method, four
comparative models can be created.

In this paper three different CAD systems (NX 12.0
(Siemens), CATIA V5 (Dassault Systèmes), CREO 9.0
(PTC)) are now selected. Single feature information Linear
Dimension() and Radial dimensions() were created for them
respectively, which are displayed in the same way, but with
different additional entries displayed in the STEP file under
different CAD software, as shown in Fig 14 through STEP
File Analyzer.

Based on the above single piece of information, to ver-
ify STEP File Analyzer compatibility and also to compare
the impact of information interaction between the CAD
systems. The structured files were imported into the three
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TABLE 4. Example of a step-neutral file containing PMI.

TABLE 5. Example of a step-neutral file containing PMI.

systems for information interaction testing, as shown in
Table 2-3.

The single feature information models generated by each
system and the information processed by STEP File Analyzer
were imported into the three systems. In both examples,
the quality of the information interaction was significantly
improved after processing by STEP File Analyzer. Only 75%
(Linear Dimension) and 70% (Radial dimensions) of the test
features could be transferred in the single feature interac-
tion tests, with CATIA V5 performing best in Table 2 and
CREO 9.0 in Table 3. In order to be able to transfer dif-
ferent feature information models at the same time, models
normalised by STEP File Analyzer are the best choice.

B. PARSING SPEED COMPARISONS
For CAD systems, the data analysis module must be used to
exchange product data with other systems. The STEP File
Analyzer in the previous section has been used successfully
to read STEP neutral files. However, when the STEP neutral
file is too large, the file loading speed is slow and the waiting
time for the file to be read is too long.

In order to test the superiority of PMI information extrac-
tion, a large number of document samples were analysed
and extracted in this study, and six representative document
sample results were selected for experimental analysis. The
experimental tests were conducted on a PC configured with
Windows 10 operating system and a PC configured with
a quad-core Intel i7 processor (2.30GHz) by selecting file
samples of different sizes [33]. It is important to note that the
experimental results kind of vary depending on the host con-
figuration, but the experimental conclusions are consistent.

The selected 3D solid models are presented in Table 4 and
the selected file names are abbreviated for ease of subse-
quent description. The models were exported as AP242 files
using a unified CAD software to facilitate the subsequent
experimental comparison. In this paper, Open CASCADE
was selected as the experimental control group. Among the
existing CAD geometry engines, the Open CASCADE kernel
is open source [34] and the STEP file reading function can be
used separately. The proposed file reader is therefore used to
compare the read results of the six representative file samples
described above with the Open CASCADE read function.

Comparison of the time taken by the two methods to read
the file is shown in Table 5. When reading smaller files, the
difference in time between the two methods to read the file
is not significant, with the method proposed in this paper
taking longer; as the file grows larger, the reading method
in this paper performs better. In contrast to the algorithm in
this paper, Open CASCADE implements the read task with
C++ class objects defined for all entity objects of the STEP
standard. During the read, a series of processes are performed
to transform the data into C++ class objects, which are
then converted into data structure objects for the geometry
engine. The method in this paper eliminates the intermediate
steps and converts the data in the STEP file directly into
data structure objects for the geometry engine. This shows
that the PMI build in the STEP parser not only accurately
extracts relevant product information, but also effectively
filters redundant information from the STEP file.

VI. CONCLUSION
PMI is used as an important component of digital smart
manufacturing to deal with the exchange of information that
exists between products at different stages and between dif-
ferent computer-aided design software. This paper shows
the semantics and syntax of PMI as defined by the ASME
standard and analyses the implementation specification for
PMI under the CAx-IF recommendations. With the help of
this specification, the STEP neutral document analyser used
in this paper establishes links to identify the most impor-
tant components of geometric dimensions and tolerances
in product manufacturing information, and then represents
the identified features with the corresponding information.
Storing the identified feature information in a structured
form enhances the compatibility of the information and
avoids redundancy in the documentation. Identification and
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extraction of feature PMIs in AP242 format to improve
consistency of information in collaborative manufacturing
processes. The feasibility of the approach proposed in this
paper is also verified through practical examples, saving
computer arithmetic power and proposing a new solution for
future data exchange of product manufacturing information.

The next step is intended to extend the implementation
for product manufacturing information in neutral documents,
which requires extending the types of recognition of neutral
documents as well as product information by the STEP parser.
A number of case studies are in progress to test this model.
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