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  Abstract 
Traditional CAD tools and systems cannot explain real-world concepts by them-
selves and require the users to have knowledge and design experience of the product 
in order to understand design rules and judge the correctness of the changes. 
Knowledge-based engineering (KBE) has been introduced to address these issues; 
however, existing KBE methodologies offer limited instantiation steps and enabling 
tools for implementation. In this paper, a knowledge-based product modelling pro-
totype system is proposed to overcome the above problems. This system is devel-
oped based on the Virtual Product Modelling framework using a game engine plat-
form to aid in capturing, reusing, and exchanging the existing product information 
and provide knowledge reasoning in the product modelling process. The findings 
of this research have shown the potential of using the developed prototype system 
to help save time and prevent engineers from making mistakes in the product design 
process. 
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1. Introduction 

1.1 Background 

Computer Aided Design (CAD) has been introduced as a Design Engineering Automation (DEA) method for complet-
ing product design. Nonetheless, CAD tools and systems cannot understand and explain real-world design concepts by 
themselves. To judge the correctness of the design, CAD tools and systems require users to have sufficient knowledge 
and design experience of the product. The trend of product design has evolved from CAD to Computer Aided Product 
Modelling and then to Knowledge-Based Product Modelling. This has required the product design software and environ-
ment to provide more interaction between end-users and the product modelling process through the reuse of existing 
knowledge to support the product modelling. In the last 20 years, Knowledge Based Engineering (KBE) has shown its 
advantages in product development in different engineering areas such as automation, mechanical engineering, civil en-
gineering and aerospace engineering in terms of modelling and cost reduction. It helps automate the repetitive design 
tasks by capturing, integrating, utilising and reusing existing knowledge required in various aspects of the product design 
[1, 2]. The use of KBE methods and techniques has played an important role in design engineering automation for the 
development of a product in the industry [3, 4]. A critical issue of knowledge-based product modelling is capturing, 
classifying, structuring, and managing the captured knowledge. Since there is no clear formalised link between a generic 
product model and an interoperable format in the KBE environment [5-7], it is essential to provide well-defined 
knowledge classes and a formalised knowledge capture method for individuals, enterprises and industries to capture and 
share knowledge instead of using informal oral communication or notes and spreadsheets in different formats. In this 
paper, geometric data contained in a CAD file is regarded as “geometry information”, and non-geometric information, 
such as experience, expertise and design rules, is called “knowledge”.  

https://www.hillpublisher.com/journals/ea/


Guolong Zhong, Venkatesh Chennam Vijay, Noel Perera 
 

 

DOI: 10.26855/ea.2023.12.003 455 Engineering Advances 
 

1.2 Interactive application development using a game engine 

The development of an interactive application consists of two main components: the application and the content [8]. 
The application aims to provide information in real-time to end-users and the ways to interact with it. The content contains 
the information through which the application navigates and provides a view to the users. According to the interactive 
qualifying project report [9], developers have recently realised that game engines can be successfully used for non-game 
applications development, such as architecture prototyping, interactive applications and research data visualisation. Gam-
ing engines are generally used as an integrated development environment to enable the rapid development of game appli-
cations and build interactive applications.  

Unity is a cross-platform game engine that was announced in 2005. It has become more popular and adopted by a 
growing number of users in recent decades due to its easy accessibility, user development support and strength in making 
2D and 3D simulations [10]. Apart from the gaming industry, Unity is also used by industries such as automotive, archi-
tecture, engineering, and construction [11, 12]. A survey [13] showed that Unity has been playing an active role in the 
game development field, and the usage and industrial devotion to Unity is increasing and amplifying. 

This research aims to use a game engine platform to develop a knowledge-based product modelling system that could 
capture, reuse and integrate the associated knowledge applied by designers to provide interactions with knowledge rea-
soning and to enhance the product design process. The rest of the paper will present in detail how the design engineer’s 
knowledge is captured, reused, and mapped into the system in the applied use case to enhance the product modelling 
process for design engineering automation. 

2. Methods 
A Virtual Product Modelling (VPM) framework for developing a knowledge-based product modelling environment 

that enables existing knowledge to be captured and reused in product modelling has been developed and discussed in a 
previously published paper by the authors [14]. This framework (see Figure 1) consists of the following five stages: 

1) Product model development 
2) Knowledge capture of non-geometric information 
3) Knowledge capture of geometry information 
4) Knowledge mapping 
5) Product visualisation and validation 

This framework provides a set of activities for design engineers to conduct for implementing the knowledge-based 
engineering technique in the modelling process. It also provides the ability for parametric geometry representation as 
components are associated with parametric values after the implementation. 

 
Figure 1. Virtual product modelling framework [14].  

3. Implementation and Validation 
The proposed system was tested through a use case that is adapted from the primitive design feature examples for the 

basic engineering feature modelling [15]. This use case is selected because primitive design features are the fundamental 
geometric features applied in the actual product modelling process in general CAD environments.  
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Primitive features are basic geometric features from which many other design features can be created. The basic prim-
itive design features are block, cylinder, sphere and cone. Four parts with primitive design features are selected based on 
these features in this use case (as shown in Figure 2). 

 
Figure 2. Four simple parts with primitive design features (modelled in Siemens NX 10). 

Existing information on this use case (example shown in Table 1) is collected from the part library of one of the current 
product modelling systems – Siemens NX 10. However, the Siemens NX part library does not provide all the information 
that fits the classified VPM classes. Hence, for some VPM classes, such as material, behaviour, fit, and relationship, the 
entities are given as “None” or “Not defined”.  

Table 1. Existing information of use case 1- block part example 

VPM knowledge class Existing product information 

Product Block 

Feature Primitive design feature - block 

Description The Block is a cube. 

Function None 

Behaviour None 

Form Primitive design feature - block 

Material Not defined 

Design intent Primitive design feature to create other design features. 

Geometry From STEP file 

Dimension Length =100mm, width =100mm, height=100mm 

Rules Block Length L = Block Width W = Block Height H 

Fit None 

Constraint None 

Relationship None 

Reference None 
 
The implementation follows the same process as listed in Methods. The function of making changes to product geom-

etry is limited to basic parameters based on the use case. In this use case, different simple parts are used to test the 
effectiveness of the methodology and the workability of each function. In the block part example, one testing scenario is 
identified - “single dimension changed (block length) with the single rule applied”. The design rule that has been captured 
and applied to the block part is “Length(L) = Width(W) = Height (H)”. In the object-oriented programming (IF-THEN-
ELSE statement), this rule can be expressed as: 

“IF block length is changed, THEN block width and block heights need to be changed; 
ELSE IF block width is changed, THEN block length and height need to be changed; 
ELSE IF block height is changed, THEN block length and width need to be changed.” 

The resulting visualisation in the developed user interface is shown in Figure 3. After importing the STEP file of the 
block part into the user interface, a 3D model of the block can be visualised. By clicking the “Read Knowledge” button, 
the developed tool will automatically parse the knowledge file and display all the captured information in the interface. 
After the user selects to change the block length by clicking the button “Change Length” in the tool interface, the resulting 
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changes will be shown in the “KBE Product Modelling Console” panel. For instance, when the user inputs 120 in the 
interface to change the length from the original 100 to 120 (unit: mm), the “KBE Product Modelling Console” will analyse 
if this change can be made by checking the rules. In this testing scenario, the rule that has been applied to the block part 
is “Length(L) = Width(W) = Height (H)”. Therefore, the width and height of the block are also changed to 120 automat-
ically. The affecting rule is shown correctly in the “KBE Product Modelling Console”, which fulfils the knowledge rea-
soning for this product modelling process. 

 
Note: Yellow box - user input; Green box - propagated parameter (changes allowed by rules); Purple box –button pressed to apply the change; Blue 

box - knowledge reasoning. 

Figure 3. Results of validation – use case 1: Block part. 

Similarly, different testing scenarios have been defined to test the function of “Change Height”, “Change Diameter”, 
and “Change Material” by using the cylinder part, cone part and sphere part. The rules applied in these testing scenarios 
are listed in Table 2. 

Table 2. Rules applied in the cylinder, cone, and sphere parts 

Rules Description 

Cylinder 
Cylinder rule 01 The height of cylinder should not be larger than 200. 

Cylinder rule 02 The diameter of cylinder should not be larger than 80. 

Cone 
Cone rule 01 The base diameter of cone should be 10, 16, 18, 20 mm 

Cone rule 02 If the diameter of cone is less than 16mm, then the height should be 18mm. If the di-
ameter of cone is equal to or larger than 16 mm, then the height should be 24 mm. 

Sphere 
Sphere rule 01 The diameter of sphere should be among 19, 20, 21, 22, 25, 30, 35, 40 mm 

Sphere rule 02 The material of the steel ball should be among AISI 201, AISI 304, AISI 316 stain-
less steel. 

 
The implementation processes remain the same as described before. Some of the validation results for different sce-

narios are shown in Figures 4 (a) (b) (c), respectively. 
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(a) Scenario: change of height with rule 01 – cylinder part 

 
(b) Scenario: change of base diameter- cone part 

 
(c) Scenario: change of material under rule 02 - sphere part 

Note: Yellow box - user input; Green box - propagated parameter (changes allowed by rules); Red box - propagated parameter (changes not allowed 
by rules); Purple box –button pressed to apply the change; Blue box - knowledge reasoning. 

Figure 4. Results of validation for different scenarios in cylinder, cone, and sphere part. 

4. Discussion 
The developed knowledge-based product modelling system has shown extended capabilities of knowledge reasoning, 
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reuse, and exchange to enhance the product modelling process. The successful implementation of the selected use cases 
has proved the effectiveness of the prototype system in reusing the existing product information as knowledge to provide 
knowledge reasoning in the product modelling process. The visualisation of product geometry and its associated 
knowledge has validated the proposed data exchange method for exchanging the geometric data and knowledge (non-
geometric data) of a product. 

The implementation and validation results also help recognise the limitation of the developed knowledge-based product 
modelling prototype system in visualisation. The possible changes of dimensions that the users in this interface can make 
are limited to the use case. The results of changes to the product, such as changes to the length, width, height, diameter, 
and material, are presented through the text description in the interface. The text description is not as effective as a graph-
ical 3D display in visualising geometry. This deficiency is caused by the lack of available enabling technologies that 
support editing the geometry data in the STEP file and displaying the graphical changes directly in the modelling envi-
ronment. However, the limitation in visualisation is acceptable as the system has shown its effectiveness in propagating 
the changes of simple parts geometry by reusing the captured knowledge. 

5. Conclusions and future work 
This paper presented a knowledge-based product modelling prototype system developed in a game engine platform 

(Unity) to enhance engineering product design. This prototype system is developed and implemented based on the Virtual 
Product Modelling framework introduced by the authors. One use case has been implemented to validate the workability 
and effectiveness of the proposed framework and prototype system. and the proposed system proved the capability of 
knowledge reasoning and reuse of the developed knowledge-based product modelling system. The resulting enhancement 
to the product design process by using the proposed system lies in modelling products with more complexity regarding 
existing product information, parameters, internal and external rule constraints, and relations. The proposed system can 
be further tested using a complicated use case. 
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