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Abstract 
Since the beginning of the 21th century, international industry is experiencing a very fast and deep 
transformation. This transformation is related to the innovation in the field of digital technologies, it is 
considered as the “fourth industrial revolution” and it is referred as “Industry 4.0” or “Industry of the 
future (IoF)” in Europe. Some of the main innovation lines on the IoF, such as cyber-physical systems, 
smart machines, collaborative robots, full automation, automatic control systems, autonomous 
industrial vehicles, smart sensors, virtual commissioning, etc., are closely related with Systems 
Engineering and Automatic Control discipline and, therefore, an increase in job offers for professionals 
who master these knowledges and competences is expected. In this way, it is of interest for industrial 
engineering degrees to foster educative innovation activities focused on system engineering and 
digital technologies in order to upgrade the knowledge of the students. Following this idea, this paper 
presents an innovative example about how 3D technologies and systems engineering techniques can 
be used together for designing an automatic control system and for providing a better learning 
experience to the students, enhancing their digital competences in 3D technologies 
(CAD/CAM/CAE/PLM), in collaborative work, about the technologies related to the Industry of the 
Future and Systems Engineering, and increasing their employability prospect. Advantages of using a 
combination of both technologies are presented, opening a new line of possibilities for virtual 
simulation, commissioning, computer control, etc. It shows the enormous potential of using both 
technologies together for improving employability for students of engineering studies/degrees and for 
boosting the future students’ interest about these studies. 

Keywords: 3D-Technologies, Systems Engineering, Automatic Control Systems, Industry of the 
Future, Industry 4.0. 

1 INTRODUCTION 
Nowadays, industries are ongoing deeper of globalization and this is associated with a bigger 
competition, price-based and design-based competitiveness, massive development of new products, 
globalization of design, etc. In order to face all these demanding requirements industries need to apply 
new technologies, and is in this moment [1-5] when industries are experiencing a very fast and deep 
evolution. This evolution, related to the innovation in the field of digital technologies and artificial 
intelligence, is considered as the “fourth industrial revolution” and it is referred as “Industry 4.0” or 
“Industry of the future (IoF)” in Europe.  

Some of the main innovation lines on the IoF, such as collaborative robotics, control systems, smart 
tooling, full automatization, cyber-physical systems, artificial intelligence and intelligent control 
techniques, smart sensors, virtual commissioning, computer vision, etc. are closely related with 
Systems Engineering and Automatic Control disciplines and therefore with subjects taught in industrial 
engineering degrees. On the other hand, nowadays, creation of new value-added and innovative 
products is based on 3D-Technologies so it is important for industrial engineering degrees to foster 
educative innovation activities focused on the combination of both system engineering and 3D-
Technologies in order to train students to cope with the technological transformation linked to IoF. 

1.1 3D-Technologies 
3D-Technologies deal with virtual engineering, that is, the technology which uses computers for 
physical and geometrical simulation of real systems. Nowadays, these 3D-Technologies are essential 
for engineering design, process development and manufacturing and some of their components are 
the followings. 

Proceedings of EDULEARN17 Conference 
3rd-5th July 2017, Barcelona, Spain

ISBN: 978-84-697-3777-4
2910



Computer Aided Design (CAD) software emerged in the early 1980 and it allowed designer to create 
very realistic three dimensional geometric models of products. This software permits also to assign 
specific properties, such as type of materials, to the three dimensional parts and, therefore, stablishing 
its physical properties. These physical properties are used later by other 3D-Tools in the dynamic 
simulation process.  

Computer Aided Engineering (CAE) and Computer Aided Manufacturing (CAM) are also part of 3D-
Technologies. They appeared in the same decade, however, they tried to simulate the physical 
behaviour of the product and not only geometrical features. On the other hand, it is important to 
highlight that collaborative work in different engineering fields is essential for developing new 
competitive and value-added products. In fact, nowadays multidisciplinary teams must work together 
for designing and creating new products and they usually use Computer Aided Engineering (CAE) 
software as a tool for achieving their goals in design. CAE software is a key design element because it 
allows engineers to simulate and to test designs in different fields (mechanical, thermodynamics, fluid 
dynamics, electric and electronics designs, control systems, etc.). Over the past 20 years the 
companies developing CAE software did not consider the interaction between different engineering 
fields in their products. This means that engineers working in different fields, but perhaps on the same 
product, had problems to interact between them. However, this issue has changed substantially in the 
last decade and the new CAD tools are designed to enhance interaction between all the members 
involved in the design and manufacturing process.  

Product Data Management (PDM) emerged as the necessity of providing an easy and secure access 
to the data created during the development of the product. PDM software uses databases as 
repository for different kind of documents which aim is organizing, maintaining and generate 
information available to all design actors [6]. PDM was focused on the engineering domain but failed in 
other activities related with business such as marketing, sales, etc. 

Product Lifecycle Management (PLM) emerged in the early 2000s and it was proposed as a tool to 
exchange information and work together in the complete lifecycle of the product [7,8]. PLM goals try to 
cover all the stages of the product development by integrating the processes and people taking part in 
the project [9]. Therefore, the PLM approach tries to integrate all software tools involved in the product 
development during the product lifecycle. It takes in to account also the necessity of multidisciplinary 
collaboration regardless of the geographical location of the companies and stakeholders taken part in 
projects [10,11]. Indeed, the assessment of the product or processes to be developed requires that the 
data must be accessible to anyone in the value chain, from the initial stages of the design to the final 
product or its retirement from the market. This collaborative engineering procedure allows engineers to 
carry out overlapping tasks in parallel, making possible to reduce the time and cost associated to 
designs and improving the quality of the products [8]. In order to address this issue PLM enables the 
collaborative innovation management and is a crucial tool for the development of competitive products 
in modern industry [12]. PLM also incorporates virtual engineering but it goes beyond the mere 
engineering aspect of product development. PLM tries to manage the whole information of the product 
throughout all the stages of the lifecycle [13,14]. The main advantages provided by this approach are 
that it helps to deliver more innovative products and process in a shorter time. This means that it 
shortens the time to market which is a very important issue in a global and competitive world. 
Furthermore, it establishes a more comprehensive and collaborative relationship with all elements in 
the value chain such as customers, suppliers and business partners [15]. 

Besides, 3D-Technologies use to incorporate a suite of communication and interaction tools.  

1.2 Systems Engineering and Automatic Control Disciplines 
Systems engineering [16-18] is an interdisciplinary methodology that enables the realization of 
successful systems. It focuses on defining customer needs and required functionality early in the 
development cycle, documenting requirements and them proceeding with the design synthesis 
process. It further continues with the system validation while considering the complete problem 
statement encompassing operations, performance, test, manufacturing, cost and schedule, training 
and support and disposal. It integrates all the disciplines and specially groups into team effort forming 
a structured development process that proceeds from concept to production and operation. Besides, 
systems engineering considers both business and technical needs of the customers with the goal of 
providing a quality product that meets the user needs. 

On the other hand, automatic control discipline aims to facilitate and improve the development of 
different activities to people, collaborating with them or replacing them in decision making and 
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implementation. In a formal way automatic control is the discipline that tries to replace the human 
operator in his physical or mental tasks by artificial devices. 

This paper presents an educative innovation example in which the design of a control system for a 
robotic application is developed by using systems engineering methodology and implemented on a 
PLM collaborative platform (Dassault Systemes 3D Experience®).  

1.3 Collaborative Learning Environment 
In the traditional learning approach the information is orally transmitted, supported by specific 
textbooks and the instructor is the main source of knowledge. This learning methodology could be 
considered obsolete because the most of the information is accessible for the students via internet 
and because it is demonstrated that it has reduced impact in effective learning [28]. For these reasons 
is necessary to change the learning methodologies in order to make the students learn how the 
information is found and treated in engineering. Under this scenario the students’ role must not remain 
passive anymore and they have to take active part on the learning process. 

An active role provides several advantages [19]. For example, students recognize variations of 
previous concepts when the context changes, they have to make decisions based on previous 
knowledge for solving engineering problems affected by uncertainties, they discover new technological 
channels for obtaining information, students develop creativeness and capacity of innovation, etc. 

Then, it is essential to use a collaborative learning methodology in order to foster an active students’ 
role. Active learning (AL) and Project-Based Learning (PBL) approaches are very good examples. 
Both approaches have already been stablished as important tools to promote active engagements of 
the students and instructors in the learning process [20-23]. Also, collaborative web-based tools have 
emerged as adequate mechanism of making the learning work effective, increasing collaboration 
between students, instructors and even external partners [24].  

Therefore, in order to it apply a collaborative methodology it is convenient to use an educational 
collaborative platform. In this way it is possible to facilitate the communication among students and 
instructors. However, it could be much more interesting to use an industrial PLM collaborative platform 
for this interaction. In fact, PLM platforms are designed to obtain and to share the full knowledge about 
the evolution of the engineering design and the final product. In other words, using educational 
collaborative platforms students have access to the course’s documentation and they can generate a 
portfolio with the activities developed during the semester. The instructors have access to the outcome 
of the students’ work, following their activities, make suggestions to them, and evaluate their work. 
Nevertheless, educational platforms show only the outcome of the students’ work but not the 
performance and how this work has been done. This is because there are not engineering applications 
incorporated in the platform structure. Thus, CAD/CAE/CAM software are external tools which must be 
used by the students but their use is out of control for instructors. For this reason, additional 
information is required by the instructors in order to fully evaluate the students’ work [25], while all this 
information is already included in the PLM. 

Due to all these reasons in the present paper an industrial PLM environment (Dassault 
3DExperience®) will be used as educational collaborative platform. 

1.4 Education Innovation in Automatic Control by using 3D-Tecnologies 
As it was commented previously, years ago companies developing CAE software did not consider the 
interaction between different engineering fields in their products. This means that engineers working in 
different fields had problems to interact between them. Besides, up to now, 3D-Technologies and 
automatic control discipline have belonged to completely different environments and there exist two 
different academic communities, with different backgrounds, working apart one each other. This is a 
big problem because modern manufacturing methods, and specially the Industry of the future (IoF), 
need professionals who master the capabilities of both environments.  

However, this issue has changed substantially in the last decade and the new PLM platforms are 
designed to enhance interaction between all the members involved in the design and manufacturing 
process.  

Nowadays, in addition to the collaborative environment, and the CAD/CAM/CAE traditional tools, such 
as part design, parts assembling, drafting, FEM simulation, machining, mechanism design, etc., PLM 
platforms include a suite of tools for developing automatic control systems applications such as 
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programming and simulation of industrial robots, modelling of dynamical behaviours, virtual 
commissioning, including hardware in the loop, etc.  

Therefore, instead of using different software applications for different engineering fields the 
integration of all these new engineering disciplines in the same PLM platform permits to the students 
to observe and understand all the stages in a project. This is of special interest for industrial and 
mechatronics engineers because up to now they had to use many different and unconnected CAE 
tools (electrical, mechanical, electronics, control systems, etc.).  

In this way, new PLM Platforms begin to be educational collaborative platforms where the students 
can learn, share and exchange all the information about their designs (e.g. tests, models, results, etc.) 
in different engineering disciplines. Under this scenario, engineering faculties have to change their 
way of work with students and introduce collaborative teaching activities using PLM platforms. That 
means that teaching engineering disciplines cannot be considered anymore in isolation and interaction 
should be included in engineering degrees. This fact allows the use of collaborative PLM platforms 
and fosters interaction between students working in different disciplines.  

To this end, the aim of this paper is to show an example with a combination of both technologies, that 
is, 3D-Tecnologies and Automatic Control Systems by using Systems Engineering methodology. This 
will permit to explore the enormous possibilities offered by 3D-Technologies for solving systems 
engineering problems and to analyse how both technologies can contribute to the industry of the 
future (IoF). We consider this very important because the combination of both technologies opens 
huge possibilities for improving employability for students of engineering degrees and for creating new 
jobs.  

2 METHODOLOGY 
V-cycle methodology has been used for all design process [16-18], [26].  

 
Figure 1. Dassault Systemes V-cycle design process. 

V-cycle methodology for design process have the followings stages: 

• Requirements: Requirements are high-level descriptions of the customer needs in their own 
language. They are essential to stablish the criteria for verifying, validating and qualifying the 
product design. Requirement purification is a process for translating the original customer and 
product requirements into sub-requirements or derived requirements in a technical language. 
Requirements involve numerous stakeholders and they can be collected as text, images, table, 
etc. 

• Functional definition: It define the functionality of the system, that is, what the system must do 
before defining how to do it.  

• Logical architecture definition: It define the logical solution for the functional definition of the 
system, that is, it defines how to do the necessary functions by using parts, interfaces, signals, 
equipment, algorithms, etc. 
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• Physical Design: It is the mechanism or the physical solution for the cyber-system. 

• Integration: It integrated the logical behaviours in real or digital. 

• Verification: Check the system developed against the functional specifications. 

• Validation: Validate de system against the stakeholders’ requirements.  

3 CASE OF STUDY: DYNAMIC CONTROL OF INDUSTRIAL ROBOTS 
This case of study has been designed to highlight the benefits of applying 3D-Tecnologies for 
developing cyber-physical systems by using systems engineering approach. In this example, an 
industrial collaborative PLM platform (Dassault Systèmes 3DExperience®) [26] is used for sharing all 
the information and all the design stages among students and instructors. This platform includes 
several mechanisms to facilitate the communication between students and instructors (instant 
messaging apps, webpages readers, newsfeeds, wikis, questions, dashboards, etc.) such as 
3DSwYm®, the classical CAD/CAM/CAE tools for part design, part assembling, drafting, mechanism 
design, FEM simulation, machining, etc., and also tools for functional and logical design, dynamic 
behaviour modelling, robot programming, robot simulation, etc. 

The example presented is focused on designing a basic industrial robot and controlling its movements. 
For this application collaboration among different engineering disciplines, such as such as mechanical, 
electronics and automatic control systems, is a crucial issue. Main stages of the design are as follow. 

By following the V-cycle methodology, taken from systems engineering approach, the initial stage is to 
stablish the set of requirements for the system. In this case requirements are related to the 
mechanical structure (degrees of freedom, reach, work space, kinematic architecture, etc.) and to the 
static and dynamic behaviour (velocities, acceleration, steady state position errors, etc.). All these 
requirements are included in the system by using ENOVIA® “requirements” app [26], and they will be 
used during the design and validation processes in order to check solution proposed.  

Second stage is to create functional description of the desired behaviour of the whole system. This is 
carried out with the CATIA Systems® “Functional and logical design” app [26]. In this stage implement 
relations between requirements and functions are created. In the same app, an initial logical 
architecture for the whole systems is designed. 

 
Figure 2. Physical parts designed with CATIA® part design app, 

presented in ENOVIA® system finder environment. 

The next stage is creating the physical system. In this case, CATIA® part design, CATIA® assembly 
design and CATIA® mechanical systems design, apps [26] have been used. By using these apps it is 
possible to create the geometric model for all the necessary components and parts of the cyber-
physical system. Fig. 2 shows the geometric description of the necessary parts. Once the we have all 
necessary parts, it is necessary to assembly all the components, including joints, engineering 
connections, command signals, materials, etc. for obtaining the final mechanism. Fig. 3 shows the 
final mechanism designed. All this physical information will be used in the following steps for obtaining 
a dynamical model of the mechanism.  
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Figure 3. Final mechanism presented in CATIA® mechanical systems design app 

Once we have designed a first approximation for the physical system, it is possible to go deeper in the 
functional and logical design. Figure 4 shows the logical design carried out for the industrial robot. In 
this figure it is possible to observe the control architecture designed with all the logical connections, 
the kinematic control block, dynamic control block, an actuator block for each joint and the physical 
mechanism block. Figure 5 shows the dynamic behaviour model, presented in CATIA® Dymola 
behaviour modelling app [26], for the mechanism obtained by using the geometrical and physical 
information for each part of the robot. In figure 6 it is possible to observe the internal electronic 
controller design for one of the continuous current servomotors. Finally, when the whole system has 
been designed, the final stage for this example is to simulate the dynamic and static behaviour of the 
robot for a set of desired trajectories and to validate the performance of the equipment. In this 
example, only specifications and design have been carried out and there was no physical 
implementation. 

 
Figure 4. Logical design for the automatic control system designed  

presented in CATIA® Functional& Logical Design app 
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Figure 5. Mechanism’s dynamic behaviour presented in  

CATIA® Dymola behaviour modelling app 

 
Figure 6. Electronic internal control loop for the C.C. ServoMotor 

presented in CATIA® Dymola behaviour modelling app 

4 RESULTS 
As it was indicated previously, nowadays, it is essential to use a collaborative learning methodology in 
order to foster an active students’ role, and it is also necessary to use an educational collaborative 
platform to facilitate communication between students and instructor. Also, the case of study 
presented, shows that it is possible to use an Industrial PLM platform instead of educational virtual 
collaborative platform. In fact, results Industrial PLM platforms permits to the students to observe and 
understand all the stages in a project and to collaborate in all the different engineering disciplines used 
in design process (electrical, mechanical, electronics, control systems, etc.). Also, by using industrial 
PLM platforms, students learn to use the tools he will need in his professional life. 

On the other hand, the example shows the advantages of using 3D-Tecnologies for systems 
engineering and for control systems applications. 3D-Tecnologies accelerate the development and 
understanding of complex dynamic systems through modelling and simulation. They provide an 
integrated workgroup environment with shared digital representation. It is also possible to carry out 
model based dynamic controller designs. It is possible to use open domain libraries for rapid modelling 
and simulation for multi-physical and multibody systems. It permits to develop complex systems 
comprising of mechanical, embedded control software, electronic, hydraulic and pneumatic 
technologies. Besides, It permits kinematics and dynamic simulation of complex systems. 
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5 CONCLUSIONS 
Up to now, 3D-Technologies and systems engineering-automatic control discipline (dynamic 
modelling, automatic control, commissioning, including control hardware in the loop, virtual twin, 
automation, robotics, intelligent control, sensors, etc.) belonged to completely different environments 
and there were two different academic communities, with different backgrounds, working apart one 
each other. 

However, nowadays, modern manufacturing methods, and specially the Industry of the future (IoF) 
and Industry 4.0, need professionals who master the capabilities of both environments. To this end, 
the aim of this article has been to introduce the advantages of using the combination of both 
technologies to the academic community and to connect both academics communities, the academic 
community working on 3D Technologies with the community working on Systems Engineering and 
automatic control.  

This connexion will also permit to explore the enormous possibilities offered by 3D-Technologies for 
solving systems engineering problems and to analyse how both technologies can contribute to the 
industry of the future (IoF). We consider this very important because the combination of both 
technologies opens huge possibilities for improving employability for students of engineering degrees 
and for creating new possible jobs. 

In this article we have explored some of the possibilities offered by 3D-Technologies for solving 
problems related to Control Systems (dynamic modelling, automatic control, commissioning including 
control hardware in the loop, virtual twin, robotics, etc.) by using systems engineering approach, and 
for contributing to the industry of the future (IoF). 

Finally, this work has presented some of the main advantages of using Industrial PLM platforms. 
These type of collaborative platforms permits to the students to observe and understand all the stages 
of an industrial project and to collaborate in all the different engineering disciplines used in design 
process (electrical, mechanical, electronics, control systems, etc.). It is also important to highlight that, 
by using industrial PLM platforms, students learn to use the tools he will need in his professional life 
and, therefore, they are increasing their employability prospect. 
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