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Semantic enrichment approach for low-level CAD models 
managed in PLM context: Literature Review and Research 
Prospect 
 
Abstract:  

The proposed approach in the paper is dedicated to enrichment of CAD models storage in 

PLM (Product Lifecycle Management) systems or archive databases. The paper considers 

low level CAD models (i.e. frozen geometry and without CAD model tree) based on 

standards such as STL, IGES and STEP AP203 first edition where the CAD model tree is 

absent. The paper also highlights the differences in semantic richness between these 

standards and their degrees of industrial implementation. STEP AP242 standard is 

considered as a high level representation for CAD files. The paper aims to review the 

literature that addresses the methods for semantic enrichment of CAD models by using 

ontologies. The future challenges and one possible research direction are then discussed. A 

first application called VAQUERO for CAD enrichment using an ontology based on STEP 

AP242 standard is proposed. 

 

Keywords: Computer-Aided Design, Standardization, Product Lifecycle 

Management, Knowledge Management, Ontology  

 

1 Introduction 

Semantic enrichment is being conducted on components that do not have a sufficiently CAD 

model support. The low level most often means that only faceted geometry or a "frozen" solid 

are available [1]. The model is thus only viewable, measurement actions are complex or 

even impossible, and design intents, often represented by a CAD model tree are absent. 

This absence prevents any possibility of changing the geometry and creates the need for 

enrich the CAD representation with expert information called “semantic”[2], [3].The 

information supported by a CAD model is covered by two types of information: geometric 
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information (pixel/voxel, facet - triangle, exact surface, exact solid) and expert information 

(material, assembly – positioning and constraints, CAD model tree composed of sketches, 

features and parameters, 3D tolerances - Geometric Dimensioning and Tolerancing (GD&T), 

Product and manufacturing information (PMI), annotations such as text additions for design 

and manufacturing). Currently 3D model generated with well-known native CAD software that 

contains both geometry and expert information as above described is considered 

semantically rich. On the other hand, a CAD model containing only the geometric information 

may require a semantic enrichment process to recover the expert information. 

The needs for semantic enrichment are then concerned in PLM (Product Lifecycle 

Management) systems because such IT applications are widely acclaimed for supporting 

product development [4]. PLM systems manage product data including CAD files, 

engineering drawings, product specifications, CNC programs, engineering modifications, 

product configurations and much more [5], [6]. Thus, the major issue of PLM is to ensure full 

interoperability, defined by [7] as “the ability for two systems to understand one another and 

to use functionality of one another”. Thus, the rich semantic CAD models used in PLM 

systems [8] are known to provide a cost-effective and consistent solution for dealing with the 

large-scale interoperability issues that are a real industrial challenge (AFNET [9] and 

PROSTEP [10]).  

However, CAD model editing in primary view (i.e opens in CAD software) encounters many 

difficulties. Indeed, designers or users who need to edit CAD models could be confronted to 

the fact of “lack of information” to achieve their engineering tasks. It means that it is possible 

that just a “frozen” CAD model without any support documents such as drawings are 

available.  This fact is due to these following reasons: 

• For long product’s lifecycle where a CAD model with geometric information is only 

available. Mainly due to the changing of CAD software by companies. 

• For technical reasons linked to CAD engineers who have not designed the original CAD 

model allowing to bring both geometry and expert information.  

• For change old CAD models stored in basics standards (STL, IGES)  
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• For confidential reasons between the Original Equipment Manufacturer and the supplier 

where a “frozen” CAD model is only available. 

• Inconsistency with translation between the CAD model available in standard shape and 

the CAD software used. That mainly causes the loss of the CAD model tree [11]. 

Thus, native CAD models that only edit in a frozen manner such as tesselated and solid 

geometry need to be enriched and CAD models in the followings standards formats STL, 

IGES, STEP AP203 ( i.e edited in frozen representation) have to be necessary enriched.  

Nowadays, standards include more than just geometry and dimensioning information in 3D 

models. They now encompass rich data such as material information, styling, annotations, 

manufacturing process data and cost data, as well as other features across the design files, 

including product structure and the formal representation of the semantics associated with 

the data. Such rich design and manufacturing information contained in the 3D model remains 

valuable across the entire life cycle of a product. However, this complexity can result in a 

closed, legacy or native format that is not compliant with other CAD systems, making it  

difficult to used file formats such as STL, IGES or preliminary versions of STEP AP203 [12]. 

The low-level CAD model within these formats do not take into account GD&T (Geometric 

Dimensioning and Tolerancing) and PMI (Product and Manufacturing Information) and then 

are not usable for the engineering tasks (FEM simulation, CAM simulation etc.) 

When such a CAD model needs to be enriched, there are two possibilities: request engineers 

to make a new native model (assuming that this issue will occur again in the future because 

of CAD software evolution), or create a systematic methodology that helps designers to 

semantically enrich CAD models with expert information. 

In the paper, the defended research statement is to propose a systematic methodology 

allowing expert information enrichment for low-level CAD models. Thus, a semantic 

enrichment based on annotations is defended in the contribution. Solutions based on 

“feature” or CAD model tree reconstruction are assumed not necessary because requiring a 

lot of time. Annotations based on STEP AP242 standard are sufficient to have more usable 

low level CAD models. 
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The paper provides a literature review related to semantic enrichment of 3D models using 

ontologies based on standards. The scope is designed to answer questions related to enrich 

3D models; to assess the limits of existing standards for supporting semantic representation 

and to address the role ontologies play in improving the semantic enrichment.  

To achieve these objectives, the paper is organized as follows. Section 2 describes the 

needs  in the current use of CAD models for PLM system users. The results of the experts’ 

interviews are then proposed and summarise the expectations of the CAD models usages. A 

review of the content of CAD models is proposed. The goal is to define the low-level and the 

high-level content. For this aim, the research review is conducted to study the content of 

CAD standards such as STL, IGES, 3DPDF and STEP. Native formats are not part of the 

goal of the review because they are closed and not fully interpretable according to legacy 

strategy of software vendors. Standard formats are interpretable, opened and often 

referenced to ISO or other organisations for standardisation. STEP AP242 is considered as a 

semantic high-level reference. Section 3 provides an in-depth review of the literature on the 

use of ontologies in PLM for semantic enrichment of CAD models. Section 4 discusses the 

limitations of existing approaches using ontologies and suggests a research prospect that 

promotes the development of an open application using an ontology based on the STEP 

AP242 standard. 

 

2 Usages of CAD models in PLM system 

2.1 Open questions on the current use of CAD models 

In PLM systems, extracted CAD models in primary view (i.e open in CAD software) are 

heterogeneous in their formats: legacy or native formats and neutral formats. In order to 

determine the importance of CAD models usages in PLM systems, it is essential to collect 

feedback from users of CAD models in a PLM context. Thus, four CAD/PLM experts were 

contacted in order to collect their expectations: 
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• An expert engineer of the design department of an automotive manufacturer (PSA group, 

also known as Stellantis, https://www.stellantis.com/fr). An expert engineer of CAD/PLM 

department of an aeronautical company (Safran Aircraft Engines, https://www.safran-

aircraft-engines.com/) 

• The head of a French digital standardisation association (https://www.galia.com/).  

• An senior expert specialised in CAD/PLM integration of the Inetum company 

(https://gfi.world/fr-fr/)  

The exchanges were formulated through direct interviews by conference call and e-mail 

exchanges. Questions were formulated to determine what formats they use in primary 

review, and what are their expectations regarding the usage of CAD models. Their answers 

indicated that there are mainly five major expectations: 

• Query and retrieval of CAD models: access to CAD models is essential in order to use 

it or to perform engineering activities. Accessing to CAD models is made through PLM 

systems (primary view) or CAD database.  

• Change, revision and annotation of CAD models: To save time when making changes 

or extracting information contained on an existing design regardless of the used CAD 

formats, CAD models must be properly annotated by containing any expert information;  

• Visualization in secondary view of CAD models: The user should be able to view the 

CAD model and the CAD model tree related to its design; 

• Technical interoperability (sharing) of the information contained in the CAD 

models: Any semantic information in primary view related to the design such as a 

product’s features, constraints, and parametric information must be shareable;  

• Archival CAD models by using CAD catalogues  or CAD archives by indexing rules. 

CAD models have to be easily retrieved from basic queries. The retrieved CAD model 

must be opened in primary view and contains both geometry and expert information.  
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Semantically rich CAD models are required to meet the expectations mentioned above. It 

means that CAD model has to contain geometry information (exact 3D geometry) and expert 

information (i.e semantic). 

The expectation confirms that solutions have to be brought to enrich basic CAD models in 

frozen shapes. The statement defended here is that enrichment solutions based on 

annotations are enough to improve the technical interoperability  [13] of low-level CAD 

models. The annotations have to be supported by a reference (i.e a rich standard). It could 

be an advanced CAD formats or standards. The next section addresses a list of existing 

standards and determines which the best reference is.  

 

2.2 Standard CAD formats, the information contained 

Given the interest that the contribution has shown in focusing on the geometry 

information and expert information, it is then a question of looking at the contents of these 

formats to see what characterises them in terms of semantic information. 

 

2.2.1 STL 

STereo lithography (STL) file format can be saved in two variants, binary and ASCII 

(readable by human). STL file is a tessellated model derived from an approximation of a CAD 

model [14]. It is made of a surface mesh that contains many sets of triangular facets. The file 

does not contain any topological data, and has no missing facets or gaps, degenerate facets 

(where all its edges are collinear), overlapping facets, or manifold topology conditions. 

2.2.2 IGES 

The Initial Graphics Exchange Specification (IGES) format is a very popular neutral 

format for digitizing the exchange of CAD information. The IGES format is designed to store 

both 2D and 3D data [15]. Although the IGES has been very successful in some applications, 

it was designed mainly to communicate design data, but many other types of data are 
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required to support manufacturing, marketing, technical areas, cost analysis, and 

configuration management. 

2.2.3 3D PDF  

3D PDF is the name of the PDF file format, which also provides native support for 3D 

data [16]. Published as the international standard ISO 24517-1 (PDF/E), it uses U3D [17] and 

PRC (http://3dpdfconsortium.org/) to store CAD geometry representations. However, this file 

format is not yet implemented in all CAD systems. In December 2017, the STEP and PDF 

ISO working groups formed a joint ad-hoc committee that proposed modifying the PDF 

standard to add STEP AP242 as a 3D stream. 

2.2.4 STEP 

Standards such as ISO 10303, known as the Standard for Exchange of Product 

model data (STEP), deal with product structure, geometry and parts-related information [18]. 

In STEP’s modular approach, information models form modules and integrated resources, 

from which specific content standards (application protocols or APs) such as AP203 

(Configuration controlled 3D design of mechanical parts and assemblies) and AP214 (Core 

data for automotive mechanical design processes) are developed. They are still evolving to 

meet the needs of modern CAD with AP242 ed2, CAE with AP209 ed2, CAM with AP238 

and PDM with AP239 ed3. These pairings represent the implementable data specification of 

STEP. An extension of STEP, called STEP AP242: “Managed Model-based 3D Engineering", 

is motivated by the necessity for the long term archiving of 3D data. 

(http://www.ap242.org/)This extension is the result of an initiative to favour  common effort, 

as an alternative to previous work on AP203 and AP214, by extending them to new topics 

(such as 3D printing) and other information supported by CAD models, including GD&T [19] 

and PMI [20], resulting in a convergent application protocol. STEP AP242 contains both 

presentation and representation of GD&T information as referenced in [20]. The presentation 

of tolerances is standardized by ASME Y14.41-2012 [21] and ISO 16792:2021 [22] and can 

for example be visualized by polylines or tesselated geometries. The main technical 
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requirements for STEP AP242, apart from information exchange and archiving, are to 

provide a consistent data model for XML exchange [23] and PDM systems [24], and to 

provide geometry representation from wired representation to parametric representation 

(table 1).  

2.3 High-level CAD Standard 

 
Table 1 shows the detailed information contained within the standards and was 

inspired by the work developed by GALIA association 

(http://www.galia.com/en/dyn/AboutUs.as). 

 

Information 

contained 

Exhaustive information 

contained  STL IGES 3D PDF 

STEP 

AP203 
STEP 

AP214 

STEP 

AP242 

Geometric 

information 

Tesselated representation �  �   � 

Wired representation  � � � � � 

Surface representation  � � � � � 

Exact solid representation   �   � 

Parametric 3D 

representation with 

construction history (CAD 

model tree) 
 

 �   � 

Expert 

information 

Drawings � � � � � 

Semantic presentation and 

representation of 3D 

annotations and tolerances   
  � � 

Form Features for design 

and manufacturing    � � � 

Composites      � 

Kinematics  
 �  � � 

Parts assemblies  � � � � 

Component definition 

(metadata, maturity, etc.)  
 �  � � 

Product line specifications 

(diversity library)    � � � 

BOM description      � � 

Activities and projects     � � 

Classifications     � � 
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Document management    � � � 

Overview of the changes    � � � 

Characteristic properties   
� � � � 

Functional and organic 

cuttings   
  � � 

Systems and area cut-outs      � 

Requirements      � 

Manufacturing process    � � � 

Table 1: Information contained by standard CAD standard; table inspired of GALIA 

Not all the above-mentioned formats are semantically rich, except for STEP AP242. It has 

been promoted to sustain manufacturing industry with important and standardized 

information for making smart the manufacturing systems [25]. 

 

2.4 Research statement, STEP AP242, the high-level semantic for CAD 
models 

 
STEP is currently considered the safest format for many activities such as for long-

term archiving in manufacturing and visualisation of product data. The LOTAR International 

project (http://long-term-archiving-and-retrieval.org/), recommends the archiving and retrieval 

of digital and technical product information, including CAD and PDM data, in a neutral 

standard form such as STEP AP242. Thus, STEP AP242 is considered here as the high-

level semantic for CAD models. 

In theory, it seems that from 2009 - 2012, when STEP AP242 and LOTAR were 

created, the usages and practises based on AP242 are too recent to claim that CAD 

enrichment needs have completely disappeared. For example, aeronautical, automotive and 

nautical products have a longer product life than 15 years. The standard/neutral CAD models 

created before 2010s are considered low-level and are potentially candidate to be enriched. 

This means that many low-level CAD models need to be enriched.  

Then, enrichment solutions based on annotations and referred to STEP AP242 will 

allow to recover high semantic representation of low levels CAD models. For that, an 
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ontology-based approach could be used. The next section proposes a review of existing 

solutions. 

 

3 Literature Review of Semantic Enrichment of CAD 

models by usages of Ontology-based approaches   

 

3.1 Literature review methodology  

To obtain a clear understanding of the usage of ontologies, a literature review was 

conducted according to the following steps:  

• A list of keywords was prepared according to the context of this study, i.e., 

considering the data storage context into a PLM or PDM system. This study 

investigates the semantic contained into 3D CAD models by using ontologies. So, the 

selected keywords are PLM/PDM, as well as CAD/CAM, 3D file format, 

interoperability related to 3D models, and ontology.  

• The keywords were used to query into some well-known electronic databases, 

including Elsevier (Scopus and ScienceDirect), Inderscience, IEEEXplore, Springer 

(SpringerLink) and Taylor & Francis. 

• The papers whose terms are related to one of the keywords and ontology were 

reviewed and selected  

3.2 Paper analysis and classification 

A preliminary effort on evaluating papers on low-level CAD models enrichment was made by: 

• Grouping all the articles found in Elsevier, Inderscience, IEEEXplore, Springer and 

Taylor & Francis, and then applying an impurities removal filter for the duplicates 

found in more than one database, as well as in surveys, reviews, or non-scientific 
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papers such as magazine articles. The number of papers considered relevant for 

these reviews was further reduced in this phase; and then  

• Screening the remaining papers considering the title, the abstract and finally the full 

text. 

After the application of these filters, the most relevant papers were classified in descending 

order of published year, according to the users’ expectations as listed in table 2, as well as 

with the reasons and motivations for their selection. 

   Users’ expectations  
ref Year Authors Query 

and 
retrieval 

Change, 
revision 
and 
annotation 

Visuali- 
sation in 
secondary 
view 

Technical 
interoperability 
(sharing) in 
primary review  

Archival Reasons and 
motivation for 
selecting the paper 

[26] 2021 Huet et al. 

� �  �  

Proposition of context 
aware cognitive design 
assistant to simplify rules 
prescribed by design 
manuals and improve 
design 

[27] 2021 Favi et al. 

�   �  

Formalisation of tacit 
design into explicit 
design knowledge for 
metal casting 
components with 3D 
modelling and design 

[28] 2021 Mohammed 
et al. 

�     

Linking assembly 
constraints and PMI from 
STEP AP242 to motion 
constraints on a robot 
during its assembly 
operation 

[29] 2020 Pham et al. 

�     

A visual query and 
retrieval system called 
VAQUERO 
(VisuAlization and 
QUERy based Ontology) 
to access medical 
imagery data in  PLM 
through an ontology  

[30] 2020 Kwon et al. 

�   � � 

They explore and prove 
the concept of merging 
as-designed and as-
inspected models to take 
advantage of the 
benefits of digital wire 
and smart 
manufacturing,. 

[31] 2020 Pane et al. 

  � �  

A methodology for 
automatically selecting 
complex robot skills and 
its parameters for 
executing an assembly 
task 

[32] 2020 Plumed et al. 

 �  �  

A voice based system to 
manage extended 
annotations in CAD and 
facilitates the capture of 
design knowledge 

[33] 2020 Ferruccio et 
al. 

 �  �  

An ontological model 
built from a classification 
of different CAD features 
to represent the 
knowledge coming from 
CAD components 
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[34] 2019 Mohd et al. 

  � �  

Development of a 
consensus ontology for 
supporting additive 
Manufacturing data (data 
file, material, CAD 
model, etc.) 

[35] 2019 Hallman et al. 
 � �   

Transposition of GD&T 
from STEP to STL CAD 
model 

[36] 2019 Hao et al. 

� �    

An automatic annotation 
based on probability-
based method of key 
functional semantics for 
assembly 

[37] 2018 Gandon F 

 �  �  

Literature review of goals 
and contributions of 
ontologies over the first 
twenty years of its 
existence 

[38] 2018 Sanfilippo EM 

   �  

Integration of notions 
such as product, 
material, and process for 
a feature-based product 
ontology 

[39] 2018 Urick B 

   �  

Presentation a 
Coordination of 
geometrical and 
topological ontology 
efforts in CAD, CAM, 
(ISO TC184 SC4 WG3, 
ISO TC184 SC4 WG12 
T1, Web3D consortium) 

[40] 2017 Danjou et al.      

   �  

A Closed-Loop 
Manufacturing approach 
based on STEP-NC (ISO 
14649) for managing 
knowledge 

[41] 2017 Zhang et al. 

� � �   

Query and retrieve 
semantic information of 
faces and machining 
features from an 
ontology-based 
conceptual model 

[42] 2017 Sikos 

�     

A semantic query system 
using the industrial 
standard X3D standard 
X3D (ISO/IEC 19775-
19777) transformed into 
ontology 

[43] 2017 Qin Y et al. 
 �  �  

Answers to question 
regarding integration of 
CAD model into 
Ontology Web Language 

[44] 2016 Tchofa et al. 

   �  

Integration of a Dynamic 
Manufacturing Network 
and a federative 
interoperability 
framework for PLM by 
Airbus Groups 
Innovations. 

[45] 2016 Qin F et al. 

� � � �  

Use of a semantic 
descriptor based on 
ontology theory a 
semantic web for 
accessing 3D CAD 
models 

[46] 2016 Mazzola et al. 

� �  �  

The CREMA Data Model 
ontology allows query 
manufacturing data and 
add annotation based on 
a data stream schema 

[47] 2016 Han et al. 
�  � �  

Building of a semantic 
matching model based 
on a Weighted Bipartite 
Graph (WBG) for 
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retrieving CAD assembly 
models. 

[48] 2015 Sriti et al. 

 �  �  

Information exchange 
between PLM systems 
and other enterprise 
information systems 
through translation of 
data models of the 
sources into ontologies. 

[49] 2015 Cuong et al. 

�  � �  

The interface uses 
graphs for query and 
allows to visualise and 
integrate meta data (data 
of bio-medical imaging 
using PLM systems) 

[50] 2015 Shin et al 

 �  �  

Transformation of 
product usage data into 
information that can 
support design 
modification by finding 
and fixing defective 
design parameters. 

[51] 2015 Imran et al. 

�   �  

Proposal and evaluation 
of a knowledge-sharing 
framework in the form of 
an formal assembly 
reference ontology 

[52] 2015 Bruno et al. 
   �  

Proposal of  reference 
ontology that manages 
all the PLM domain 
information 

[53] 2015 Gruhier et al. 

�   �  

Development of a three 
dimensions 
spatiotemporal ontology 
in Assembly-Oriented 
Design based on JANUS 
platform 

[54] 2015 Kadiri et al. 

   �  

Literature review for 
defining the role, 
challenges and needs of 
ontologies in the context 
of PLM and CAD 

[55] 2015 Baysal et al. 

 �  �  

Adding Core Product 
Model  concepts for 
developing an 
information model for the 
representation of 
function, behaviour and 
form of CAD 

[56] 2014 Ulliana et al. 

�  �   

A framework for 
retrieving and accessing 
semantic information 
based on ontology 
related to 3D model. 

[57] 2014 Assouroko et 
al. 

�  � �  

Semantic web and 
visualisation graph 
techniques to ensure 
semantic interoperability 
by means of semi-
structured data (CAD, 
meta data, files, etc.) 

[58] 2014 Samer et al. 
 �  �  

A reasoning approach to 
CAD feature mapping 
between Catia V5 and 
Solidworks. 

[59] 2014 Lu et al. 

�     

Querying engineering 
drawings by transforming 
classification trees from 
CAD model into a 
shipbuilding domain 
ontology. 

[60] 2014 Danjou et al. 
   �  

OntoSTEP-NC to trade 
between PDM (CAD-
CAM data) and ERP 
(CNC data) platforms 
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[61] 20014 Allanic et al., 
�     

Accessing BIM 
information by using an 
ontological model 

[62] 2014 Borsato M 

 �  �  

Development of an 
ontology for products 
and processes with an 
emphasis on 
sustainability during 
product’s lifecycle 

[63] 2014 Ramos et al. 

 �  �  

Integration of Machine of 
Process ontology reuse 
with ontology validation 
and learning in the 
manufacturing domain 

[64] 2014 Drews et al. 

   �  

Design and 
implementation of a 
domain language for 
Handling Modular 
Ontologies, based on an 
Model Driven 
Architecture 

[65] 2014 Camba et al. 

 � � �  

An extended textual 
annotation for CAD 
models. The annotation 
manager is a Solidwork 
plug in 

[66] 2013 Usman et al. 

   �  

Integration of 
manufacturing 
knowledge using model 
driven architecture into 
different CAD/PLM 
systems 

[67] 2013 Fortineau et 
al 

� �  �  

Module or layered 
solutions of the inference 
ontologies applied in 
PLM allow to query data 
and to use them by 
annotating them 

[68] 2013 Bermeo et al. 

 � �  � 

Translation of IGES 
standard into an 
ontological model for 
capturing knowledge 
coming from CAD 
models 

[69] 2012 Panetto et al. 

  � �  

A product ontology 
(Onto-PDM) based on 
ISO and IEC, 
interoperable with PLM 
applications 

[70] 2012 Liao et al. 

 �  �  

A semantic annotation 
approach focused on the 
interoperability problem, 
all along the product 
lifecycle  

[71] 2012 Abdul et al. 
   �  

A neutral format ontology 
that integrates CAD 
features from CAD tools 

[72] 2012 Barbau et al. 

 � � �  

Translation of STEP 
standard definitions into 
an ontological model 
called OntoSTEP 
allowing CAD model 
manipulation 

[73] 2012 Lahoud et al. 

�   �  

Presentation of semantic 
and knowledge platform 
(SemKnow) which 
covers process of 
knowledge management 

[74] 2011 Lim et al. 

 �  �  

The use of design and 
manufacturing repository 
for annotating multi-

faceted product family 

ontology (MFPFO) 

[75] 2011 Eck et 
Schaefer 

�   �  Transformation of 
storage location 
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containing CAD/CAE/PLM 

information into semantic 
model that can contain 
the same info 

[76] 2010 Mckenzie et 
al. 

 �  �  

An XML file allows 
annotation and 
communication between 
different software 
packages and translation 
of a 3D model from CAD 
software to an ontology 

[77] 2010 Matsokis et 
al. 

 �  �  

Demonstration of the 
benefits of the ontology 
model by translating the 
Semantic Object Model 
and the product data into 
an ontology 

[78] 2010 Wang et al. 
   �  

Integration of design 
decisions and quality 
knowledge by building 
an ontology 

[79] 2010 Rachuri et al. 

 �  �  

Interrelations between 
logical formalism 
languages and product 
information for 
developing product CAD 
models. 

[80] 2010 Zhan et al. 

 �    

Ontology-based adaptive 
design evaluation to 
share knowledge related 
to product data in 
CAD/CAE 

[81] 2009 Catalano et 
al. 

� �  �  

 A product design 
ontology (PDO) to 
formalize knowledge 
from CAD and design 
process and share these 
knowledge 

[82] 2009 Khilwani et al. 

   �  

Literature review on  
semantic web 
applications and 
ontology in the 
manufacturing domain 

[83] 2008 Kwak et al. 
   �  

Integration of data on car 
parts into a  single 
ontology model for PLM 
object 

[84] 2008 Hanayneg et 
al. 

   �  

Resource Description 
Framework (RDF) 
documents with the 
standard XML syntax 
allow information to be 
exchange  

[85] 2007 Andersen et 
Vasilakis 

 �  �  

Introduction to 
ontological modelling of 
3D models, and 
ontological presentation 
of STEP part 42. 

[86] 2007 Dartigues et 
al.    �  

Integration of CAD and 
CAPP into an ontology 
for enable 
interoperability 

[87] 2007 Zhanjun et 
Ramani 

�  �   

Framework of an 
ontology based query 
processing for accessing 
design information in 
documents 

[88] 2007 Lin et Harding 

� �    

Cross-company and 
cross-workplace issues 
related to the 
requirements of 
ontology-based semantic 
information 

[89] 2006 Posada et al.    �  Presentation of ontology 
based compression 
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system using STEP 
AP227 and CIS/2 for 
interoperability 

[90] 2006 Peachavanish 
et al. 

�   �  

An ontology framework 
for enabling 
interoperability between 
CAD and Geospatial 
Information Systems 
(GIS) 

[91] 2006 Kim et al. 

  � �  

An assembly design 
ontology to capture 
semantic information 
related assembly Cad 
models  

[92] 2005 Tae-Sul Seo 

�   �  

Proposition of a STEP 
AP224 ontology based 
method to exchange 
information between 
commercial CAD 
software  

[93] 2005 Sudarsan et 
al. 

�   �  

A framework for 
accessing and reusing 
product information 
embedded in PLM 
systems 

[94] 2005 Aziz et al. 
   �  

Modelling ontology for 
enabling knowledge 
sharing for SME (small 
to medium enterprise) 

[95] 2004 Jardim et al. 
   �  

Improving interoperability 
between PLM systems 
by adopting a common 
taxonomy 

[96] 2004 Marenco et 
al. 

�   �  

A query integrator 
system for enabling the 
communication of multi 
database network 
system 

[97] 2004 Zhang et al. 

  � �  

Presentation of 
technologies for sharing 
and visualise internet- 
based product 
information 

[98] 2004 Yoshioka et 
al. 

�  � �  
Framework for 
knowledge Intensive 
Engineering 

[99] 2004 Kitamura et 
al. �   �  

Ontological schema for 
capturing functional 
knowledge in a 
production company 

[100] 2003 Siang et al. 
� �  �  

Proposition of ontology 
generic design activities 
based on literature  

[101] 2003 Daisy et al. 
�   �  

Presentation of MDO 
environment using 
multiple technologies for 
project manager  

[102] 2003 Zhao et al. 
   �  

Different roles of 
ontology in automated 
process safety 

[103] 2002 Hameed et al. 
�     

Acquisition of knowledge 
and detection of 
mismatches between 
expert’s ontologies  

[104] 2002 Wang et al. 
 �  �  

Needs and requirements 
for conceptual 
engineering design 

[105] 2001 Macchi et 
garetti.    �  

Approach for integrating 
business level into 
modeling method in MSE 
and SE area 

 

Table 2. Published papers selected that cover certain user expectations 
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3.3 Analysis of selected papers in relation to the users’ expectations 

 
Ontology has been developed in CAD and PLM and finds its application in different sectors. 

It has been used to meet users’ expectations such as revealed in the table 2. Thus, for query 

and retrieval, most of the selected papers apply some rules in order to organise and classify 

the parts (and their related documents). [26] apply design rules in a context aware cognitive 

design in order to have a good result when searching for 3D part. The searching system 

uses a keyword for retrieving a component. Several Authors, such as [41], [45], [53] use a 

semantic descriptor for querying and retrieving a part inside a system. The descriptor could 

be a component name or something related to the component. It can be noticed that the 

descriptor is based on the ontology. So, the taxonomy of the component is accepted before 

the use of descriptor for retrieving the component. 

Concerning the annotation, [65] bring extended annotations to CAD model. The annotation is 

free on CAD model, so it is difficult to view annotations and it is defined by the user. If it could 

be defined by a standard, it would allow to easily reuse the CAD model. [32] proposed a 

voice based system to manage extended annotations in CAD and facilitate design 

knowledge capture. An annotation tab in the CAD system interface allows voice annotation to 

be attached to geometry. Although the speech recognition module is responsible for 

recording the user's voice, automatically transcribing the signal and creating a text annotation 

from the audio signal, we may wonder about its effectiveness on the existence of the 

multitude of languages. [35] combine STEP and STL information to automate the mapping of 

GD&T (Geometric Dimensioning and Tolerancing) information assigned on the CAD model 

from STEP files on discrete geometries (STL). The method allows CAD model of STL to 

carry on visual annotations. Those visual annotation could allow to satisfy secondary 

visualisation of users’ expectations. Annotations of [32], [35] are not contained in an 

ontology. The use of ontology could allow to have a good taxonomy. That is why [33], [34], 
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[46], [72] used part or component classification based on ontology in order to annotate the 

components. The annotations are carried out by the ontology. So, it is not the 3D model that 

carries out the annotations like other works but it is the ontology. 

The technical interoperability expectation is mainly covered by the literature. Most of the 

works proposed to map features of different CAD systems in order to allow an interoperability 

between CAD systems. For examples [45], [58] and [71] have created an ontological file 

format for enabling interoperability and information sharing. Approaches dedicated to study 

and develop semantic data models with their concepts, relations and their respective 

properties in order to support system integration were introduced in [83]. Ontologies have 

also been developed for closed-loop PLM and for specific phases such as manufacturing 

[40], [50]. A product design ontology that formalizes the functionality of shape processing 

methods in the design workflow was introduced in [81]. Ontologies can help to enrich the 3D 

model with different types of expert information. The OntoSTEP proposed by [72] resulting 

from translation of the STEP schemas definitions into an ontological model cannot be used to 

instantiate and exchange those expert information whose schemas are not included in STEP 

AP203. In order to represent the expert information whose schemas are not provided in 

AP203, OntoSTEP ontology was combined with the CPM/OAM ontology [54] to achieve a big 

common CAD model data ontology. The authors intended to use OntoSTEP to share both 

geometric and non-geometric data among different CAD systems. The claims of introducing 

ontologies into CAD and PLM models to enrich CAD models and enable long-term 

interoperability and archiving have been supported by [43] [54] [80]. The reason for this is 

that languages such as the express language for STEP have difficulties in explicitly 

interpreting, representing and exchanging the semantics assigned to data in CAD models. 

Some researchers, such as [19],  [72] pointed out that such exchange was difficult to be truly  

implemented only by STEP neutral file-based exchange method because it requires an 

explicit interpretation, representation, and exchange of the semantics assigned to those data, 

and unfortunately, the EXPRESS language for STEP model is not based on formal 

semantics and therefore cannot satisfy this requirement [33]. So, [30] have used the 
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ontological model of STEP AP242 (http://www.ap242.org/) that goal is to define all the 

functional information for a CAD model, to merged the Quality Information Framework (QIF) 

standard in order to leverage good inspection and design decision making. The decision 

making is based on the ontological model of the semantically rich STEP AP242 format. Thus, 

the CAD model using this semantic model will evolve and can be used for future projects. 

3.4 Conclusion of the literature review 

The literature review shows that works using ontologies do not take into account the 

different expectations of CAD/PLM users. The technical interoperability in primary view 

expectation is widely covered by the literature. A large majority (90%) of papers considers 

ontologies to solve technical interoperability issues between CAD systems. Nevertheless, 

only 10% of papers considers the visualisation in secondary view expectation. It is possibly a 

lack of consideration of the literature as ontologies can support services related to the 

semantic web and can facilitate rich visualisation of CAD models in a PLM and therefore in 

web environment. It should also be noted that few papers (less than 1%) deal specifically 

with the solving problem of long-term archiving by the ontologies. This, also, is missing in the 

literature as the problem of long-term archiving could be reduced by the semantic web-

technology offered by the ontologies. This could allow to store CAD models in a lightweight 

format limiting the importance of storage (hard disk), while integrating CAD models with rich 

semantics (expert information). For query and retrieval expectation and for change, revision 

and annotation expectation, 40% of papers considers ontologies as a good solution. The 

usages of ontologies, according to the web semantic technologies, help to structure queries 

and facilitate the CAD models retrieval. The use of ontologies allows to classify the 

annotations made by the user according to the syntax of the ontology. As a result, the 

annotations are classified, which makes it possible to find them later. The strong assumption 

is that the “institutional memory” is ensured by the CAD and PLM users because their 

annotations are framed by the ontological syntax.  
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The main negative point we can draw from this literature analysis is the non-availability 

of the different ontological models.  

For us, ontology is promising for targeting user expectations and specifically for 

enriching CAD with annotations. The main condition is that ontologies and associated 

implementation applications should be provided as open source in order to be tested and 

reused. 

Thus, we assume that the usage of an ontology (for example based on STEP AP242) 

brings a strong classification and taxonomy. Then, the annotations made by user will be 

attached to the classes of the taxonomy from the STEP AP242 ontology. This allows to 

ensure a certain uniformity of the annotations and then their usability by the other users. 

Therefore we propose to develop OntoSTEPAP242 (the ontology of STEP AP242) 

which will be used to semantically enrich low level CAD models and a system named 

“VAQUERO For Semantic CAD Enrichment”, for a semantic enrichment implementation 

approach 

4 Research prospect: an annotation solution using 

ontologies based on the STEP AP242 standard 

4.1 Semantic enrichment using Ontologies  

Companies have always used different CAD standards for exchanging and archiving 

CAD models. All standards must deal with issues such as data conversion, the loss of 

semantics contained, and the impossibility to annotate or visualize in primary view the CAD 

model, etc. These issues can be illustrated with the so-called low-level formats, such as STL, 

IGES and STEP AP203 (i.e without a CAD model tree), which do not show the CAD model 

tree or the constraints and parametric modelling [107]. Therefore, CAD models are generally 

considered as central representations to support semantic information sharing all along the 

lifecycle, but which clearly require dedicated mechanisms.  
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The use of ontologies, which appear to be a reliable solution to the issues for the 

representation of information contained in the CAD models, could be a way to move towards 

a deeper collaboration between users, based on an effective interoperability of systems. 

Ontologies allow the semantic representation of different features integrated in 3D models. 

Therefore, they provide suitable keys to access the content of the CAD models. The user 

also has the possibility to add expert information enabling a significant enrichment of the 

modelled CAD model. For instance, the improvement of an existing ontology such as 

OntoSTEP by adding information related to GD&T [19] , PMI [108] , and the manufacturing 

specifications [40] is an relevant research prospect. The project H2020 CSA OntoCommons 

also considered the research prospect. The project addresses the standardisation of data 

documentation across all domains related to materials and manufacturing 

(https://ontocommons.eu/). Therefore, prior this requires creation of a standardised ontology 

which should be considered within the framework of the Industrial Ontologies Foundry (IOF - 

https://www.industrialontologies.org/) and thus contribute to the co-creation of open 

reference ontologies that meet the needs of manufacturing and engineering and advance 

data interoperability, based on a standard such as STEP AP242 (OntoSTEPAP242). The 

next section shows a first demonstrator of CAD annotations using OntoSTEPAP242 

proposal. 

 

4.2  VAQUERO for Semantic CAD enrichment, using of 
OntoSTEPAP242, textual annotations of low-level CAD models 

 
VAQUERO (Visual Ontology bAsed QUERy) for CAD enrichment system was 

proposed as a first edition as a demonstrator to proof the usage of OntoSTEPAP242 for CAD 

semantic annotations. The system would allow the semantic enrichment of low-level 3D 

models from semantically rich STEP AP242 standard. 

(https://gitlab.utc.fr/snzetcho/semantic_enrichment.git) This system should enable the 

evolution of these 3D models as valuable approach to improve data communication and 
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information exchange. As it can be seen on figure 3, it should be proposed an open access 

application that allows interoperability between different systems in order to favour the 

enrichment of 3D models. 

The use of ontology in VAQUERO for CAD enrichment system allows to ensure a certain 

taxonomic uniformity of the added semantic information because it is modelled based on 

STEP AP242 which covers the whole product life cycle.  

 

 

Figure 3, VAQUERO for CAD enrichment; a first demonstrator of CAD textual 
annotations based on OntoSTEPAP242 
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Figure 4, annotation form of VAQUERO for CAD enrichment 

Vaquero for CAD enrichment includes applications such as : 

• A PDM system such as Windchill PDMLink for allowing the retrieval of 3D models that will 

be used for the primary view (figure 3.E). 

• The 3D model visualization in primary view must be through a 3D viewer such 

“ShareCAD” embedded into VAQUERO. That 3D viewer could open all the low-level CAD 

models (figure 3.D). 

• An ontology based on STEP AP242 standard (OntoSTEPAP242) is proposed and 

available at: https://gitlab.utc.fr/snzetcho/semantic_enrichment.git. User navigates in 

the ontology from tree-structures and graph from the dedicated panels. Quick 

selections called “Category” are proposed to navigate easily in the ontology 

(ontological Category panel, figure 3.A). A graph representation of the ontology is 

proposed to clearly identified relations between concepts (panel in the middle, figure 

3.C). A full tree-structure of the ontology is proposed to select a detailed ontology 

concept (STEP AP242 panel, figure 3.B). CAD and PLM users can use the 

independently panels. There are dynamically linked. 
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• A panel for allowing annotation of the low-level CAD models. Users selects the CAD 

model and click on the button to open the annotation form (figure 4). The user will use an 

annotation form to fill in all the associated ontological STEP AP242 concept in order to 

add textual annotations related to the 3D model.  

• The Annotations associated to the CAD model is available in the dedicated panel (figure 

3.F).  

The annotation form (figure 4) is associated to the frozen CAD model (figure 4.A) and is 

linked to the “Category” or “ontological concept” selected by the CAD/PLM user (figure 4.B). 

For STEP 203 frozen CAD model, faces or features could be selected in order to attached 

the annotations (figure 4.C). Then the annotation is in textual shape (figure 4.D). The case 

study shown in figures 3 and 4 is the part of a weight system control of cosmetic containers. 

The annotation is here attached to the frozen STEP AP203 of the electric motor (figure 3.D 

and figure 4.A).  

In the cases IGES CAD model, the annotations are attached on the global CAD models or a 

face of the frozen CAD model. In the case of STL format, the annotations are attached to the 

global CAD model only because VAQUERO does not integrate segmentation or shape 

recognition algorithms. 

The original low-level CAD model is conserved but now linked to an XML files containing 

STEP AP242 textual annotations enrichment. The exported XML file is integrated in the PLM 

solution closed to the original frozen CAD model location (figure 3.E). 

 

5 Conclusion  

This paper proposes a literature review allowing to highlight the need to develop 

Ontologies for low-level CAD model enrichment (i.e CAD model available in frozen 

geometry). STEP AP242 is considered as a high-reference standard. It means containing 

both geometry and expert information for rich CAD models. The research statement 

defended in the contribution is to use an ontology based STEP AP242 called 
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OntoSTEPAP242.  The usage of this kind of ontology will allow to standardize textual 

annotations enrichment of low-level CAD model. Indeed, the technical interoperability of 

these CAD models could be improved. A first demonstrator called VAQUERO for CAD 

enrichment has been developed an available at 

https://gitlab.utc.fr/snzetcho/semantic_enrichment.git. 

The contribution has been fully dedicated to CAD models opening in primary view. A 

future work will be to consider CAD models used in secondary view (such as PDM viewer). In 

fact, JT, which is now standardized and used for industrial practises, could also be 

considered as a rich viewer CAD format. It was initially developed by Siemens PLM Software 

and standardized as ISO14306 [10], [109], [110]. But it should be mentioned that technical 

solutions has to be found for enrichment of low level CAD viewer. 
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