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Abstract 
This paper describes the structure and contents of a mechatronics engineering course in the State 
University ofCampinas (UNICAMP) in Brazil. Firstly, the paper outlines the UK experience along 
with two examples of the existing courses there. The second part highlights the reasons for 
proposing a mechatronics engineering course in Brazil including the required disciplines demanded 
by the Ministry of Education. In its last part, the paper describes the overall structure of the 
curriculum, which is a multi-disciplinary effort jointly undertaken by the faculties of Mechanical 
and Electrical Engineering. Finally, it concludes that the existence of mechatronics engineering 
courses is an essential step towards the development of a more complete understanding of the 
challenges of this growing field of engineering. 

1 INTRODUCTION 

The word Mechatronics was first used by the Japanese in the late 1970s to describe the philosophy 
they adopted in design of electro mechanical products to achieve optimum systems performance 
(Day, 1995). Although there are definitions of Mechatronics there is still considerable debate about 
what it means (Hewit and King, 1996). It has been formally defined by the European Community as 
'The synergistic integration of mechanical engineering with electronics and intelligent computer 
control in the design and manufacture of products and process". A broader definition of 
mechatronics in the context of machine and product design is (King, 1995): "Mechatronics is the 
design and manufacture of products and systems possessing both a mechanical functionality and an 
integrated algorithmic control". Anyway, mechatronics has gained currency in recent years by 
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providing a multi-disciplinary approach to engineering design in which a symbiosis of mechanical, 
electrical, electronic, computer and software engineering is used to create new design solutions to 
engineering problems. Such innovations vary from development of machine tools, portable video 
cameras, CD players, and others but it is also applied to process control and measurement 
technology (Doray:.and Bradley, 1994; Milne, 1995). 

The adoption of the mechatronics approach through education and training should produce 
engineers with a wide range of, and perhaps new, skills and attitudes. These professionals should be 
able to work across the boundaries of engineering disciplines in a true multi-disciplinary approach. 
Therefore the educational institutions must respond to these challenges, offering mechatronics 
engineering programmes at undergraduate and postgraduate levels. In recent years, mechatronics 
has been gaining an increasingly prominent place in higher education allover the world, as 
evidenced by a number of courses implemented so far. This paper principally details the 
development of a mechatronics engineering degree in Brazil. It also outlines some experiences in 
the UK. providing a list of existing course as well as some detail of such programmes. The paper 
concludes with a recognition that mechatronics education is vital to face the new challenges of this 
growing field of engineering. 

2 MECHATRONICS COURSE - EXPERIENCE IN THE UK 

In recent years, mechatronics engineering has gained a distinguish place in higher education allover 
the world. This can be seen from the rapidly increasing number of courses offered by higher 
education institutions in many countries such as Australia (Evans et al., 1995), China (Ye et al., 
1995), England (Seneviratne, 1996), Finland (Airila, 1995), Germany (Janocha, 1993), Hong Kong 
(Venuvinod and Rao, 1994), Japan (Emura, 1995), Russia (Vodovozov, 1995), Scotland Fraser and 
Milne, 1993), and USA (Rizoni, 1995). More specifically, mechatronics is gaining a prominent 
place in UK. higher education as evidenced by a number of undergraduate and postgraduate taught 
courses being provided (Hewit and King, 1996). At the present it is estimated that there are around 
34 universities and colleges offering degrees and Master's in mechatronics. Table 1, expanded from 
the work of Acar (1996), summarises courses offered by various institutions in the UK. 

The mechatronics engineering programme at the University of Hull serves as a good 
example of a successful mechatronics curriculum. The department has been active in the field of 
robots and mechatronics for over 15 years in research as well as education. There are also a wide 
range of research projects at the Department of Electronics including lasers for assembly of 
electronic components, virtual reality robot, computer controlled variable-ratio gearbox, and a 
distributed controller for a six-robot gantry system. The use of novel materials such as magneto-and 
electro-rheological fluids, ferro fluids, magnetostrictive ceramics and artificial muscles based on 
chemically actuated polymers are also currently actively investigated. In 1988 the School of 
Engineering and Computing identified the need for an undergraduate programme to address the 
topic of mechatronics. A multi-disciplinary approach was created, from which the combined 
characteristics of computing, electronic, mechanic and human interaction disciplines are developed 
effectively through a project-based course with additional support of conventional lectures and 
tutorials. The School is well-equipped with undergraduate laboratory and computer facilities 
appropriate for mechatronics. There are a number of projects set for the students at different levels, 
e.g. a mechanical-based project, followed by another which considers software, control, interface 
and computer control, then a project which is directly related to a industrial problem, and a final 
year individual project. Recently, the department has been awarded a prize in an undergraduate 
student robotics project at the Robotix '96 Exposition, in Glasgow (see Figure 1). 
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Table 1 Mechatronics Undergraduate and Postgraduate Courses in the UK 

University Undergraduate Postgraduate (MSc) 

Bedford College 
Blackpool and Fylde College 
De Monfort University 
City University 
Crawley College 
Falkirk College 
Glamorgan University 
Glasgow University 
John Moores University 
King's College London 
Lancaster University 
Leeds Metropolitan University 
Loughborough University 
Manchester Metropolitan Univ. 
Middlesex University 
Nottingham Trent University 
Teesside University 
University College Warrington 
University of Abertay Dundee 
University of Brighton 
University of Central Lancashire 
University of Dundee 
University of Hull 
University of Leeds 
University of Surrey 
University of the West England, Bristol 
University of Walles College 
University of Westminster 
Salford University 
Sheffield Halam University 
Staffordshire University 
Stoke on Trent College 
Sussex University 
Swansea Institute of HE 
• = Existing Programmes. 

• 
• 
• 
• 

• 

• 
• 
• 

• 

• 
• 
• 
• 
• 

• 

• 

• 

• 

• 

• 
• 

Figure 1 Mechatronics Project Awarded a Prize at Robotix'96. 
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Another example of a mechatronics degree in the UK is provided by Manchester Metropolitan 
University. In fact, two courses are available, a BEng Integrated Engineering Systems and a BEng 
Mechatronics. These courses were proposed to serve the needs of industry for graduates with wide 
ranging competence, especially in computer technology and modem techniques applied to 
manufacturing and process industries. Each of them has different emphasis. The Integrated 
Engineering Systems degree, as its name suggests, is aimed at systems design and implementation 
and looks globally at the characteristics of equipment and processes rather than being concerned 
with detailed design. The mechatronics degree is also concerned with systems, but in particular for 
automation in the manufacturing industries. There is a great emphasis in this degree on detailed 
engineering design particularly in areas of robotics and computerised control. Both courses appear 
to offer good job prospects and meet the general objectives of a broad based engineering degree. 

There are not only established but also emerging mechatronics engineering programmes in 
the UK. For example, Sheffield Hallam University will launch its mechatronics engineering course 
in the academic year of 96-97. The proposed course has been developed on the basis of a design 
oriented programme with some specialisation in the final year to allow student to focus on a theme 
of their choice. 

3 MECHATRONICS INITIATIVES IN BRAZIL 

One of the first mechatronics engineering courses to appear in Brazil in 1988 was in the Polytechnic 
School (POLl) at the University of Sao Paulo (USP). The course emphasises systems automation, as 
the main objective is the integration of mechanical and electronic engineering with computing 
science. The course was primarily concerned with industrial automation due to a request from the 
Federation of Industries of the State of Sao Paulo (FIESP) but now involves aspects of design 
theory, and bio-engineering (Miyagi, 1996). 

The implementation of a mechatronics course described in this paper is being carried out at 
the Mechanical Engineering Institute (FEM) at the State University of Campinas (UNlCAMP). 
UNICAMP was founded on October 1966, but even within the reality of the Brazilian university 
setting, where the oldest university has been operating for less than 60 years, UNICAMP may be 
considered a young institution. Nevertheless, it has already attained a strong tradition in education 
and technological research. Today, UNICAMP has some 8627 undergraduates in 46 courses, and 
6129 enrolled in its 144 graduate level courses (Master's and PhD levels). The Mechanical 
Engineering Institute is one of the faculties at the UNICAMP. It is divided into seven departments: 
Computational Mechanics, Energy, Manufacturing Engineering, Materials Engineering, Mechanical 
Design, Oil Engineering, and Thermal Energy and Fluids. 

The basic engineering curriculum of the Mechanical Engineering Institute at the UNICAMP 
consists of a five year programme. Each year is subdivided into two semesters. The first two years 
of study are devoted to a basic scientific education; mainly mathematics, physics, chemistry, 
material engineering, engineering design, and some laboratory activities. However, even 
considering the success of its traditional mechanical engineering course, the necessity of 
development of a multi-disciplinary approach to engineering has started to gain academic and 
industrial acceptance. Consequently, it has been decided to propose a mechatronics engineering 
programme. 

Looking into the activities performed by a professional in the field of mechatronics two 
relevant areas were be highlighted (Altemani et al., 1996): the conception, design, and operation of 
automated production systems, and the design and manufacturing of automated systems involving 
software and hardware engineering. Considering these areas, in 1994, the Brazilian Ministry of 
Education defined the· disciplines required for a mechatronics engineering programme, namely: 
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Process Control, Industrial Systems, Instrumentation, Discrete Mathematics for Automation, 
Industrial Computing Science, Manufacturing Management, Systems Integration and Assessment. 

It is quite clear that these disciplines require a strong integration between mechanical, 
electrical engineering and computing science in order to propose a undergraduate course in 
mechatronics. In .the beginning of 1995, a committee was formed to elaborate a proposal for a 
mechatronics engineering degree, described below. 

3.1 Structure of Mechatronics Engineering at FEM-UNICAMP 

There are various factors which justify the implementation of a mechatronics engineering course at 
FEM-UNIC(Altemani et al., 1996). After extensive discussion, the committee has identified some 
needs and requirements for a mechatronics engineering curriculum. The curriculum structure should 
involve, of course, the disciplines required by the Ministry of Education as well as a large number 
of subjects incorporating laboratory activities, i.e. 'hands-on' experience (correspondent to 20% of 
the total number of hours). It is worth noting that the laboratory activities were scheduled after the 
corresponding taught disciplines in order to have a theoretical foundation for them. Furthermore, a 
balance between the disciplines of mechanical, electrical engineering and computing science should 
be achieved considering that the basis of this programme should be in mechanical engineering. 
Another interesting aspect is the effort to allocate technical disciplines in the early semester to 
enthuse the students right from the beginning of the course. The course structure along with the 
proposed disciplines can be seen in Table 2 at the end of this paper. These disciplines have, on 
average, three hours per week. 

Figure 2 shows the distribution of the disciplines by area. Note that some of the areas shown 
in Figure 2 (Biology, Chemistry, Energy, etc.) are demanded by the Ministry of Education for any 
engineering course in Brazil. It can be seen that the course has a strong orientation towards design, 
computing science, electronics engineering, and manufacturing processes. The proposed programme 
is to be launched at the beginning of the 1998 academic year, with an initial intake of 50 students 
per annum. 

Others Biology 
Design 

Energy 

Manufacturing Process 

Mathematics and Computing Science 
Electronic Engineering 

Figure 2 Distribution of Areas in the Mechatronics Programme. 

4 CONCLUSIONS 

In recent years there are changes in industry to more integrated production especially with the 
introduction of advanced manufacturing technologies (e.g. FMS and CIM) in addition to new design 
philosophies to obtain the best possible solution to products or processes. Design of such products 
or process must, therefore, consider multi-disciplinary approaches. Undoubtedly mechatronics 
engineering solutions are the key factor to achieve such goals. However, the present driving force 
for further development of mechatronics must embrace the need of an engineer working in a hybrid 
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environment involving mechanics, electronics and computing. In response to these challenges the 
educational system must adapt to this new reality. Education establishment have been developing 
courses aimed at producing the technologically aware engineers for the next century. It is believed 
that these programmes must consider: 

• Activities based on team working and case studies. 
• Balance between taught courses and project based learning: 
• Design based projects and hands on experience in problems solving. 
• Ability to plan and apply a mechatronic approach to a technological problem. 

It has been shown that the aspects of a mechatronics approach to education must involve the 
previous statements. The results of such an approach should bring many benefits for both industry 
and academia. This paper has highlighted the importance of mechatronics education. It listed 
mechatronics programmes currently applied in the UK and described the philosophy, structure and 
contents of a mechatronics engineering degree in Brazil. The aim of such a development is to build 
a more complete understanding of this growing field of engineering. 
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