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Abstract 

 

 

1. The Importance of Technological Innovation for Economic Progress 

Over the past 50 years, technological innovation (see Figure 1) has accounted for over 

one-third of the growth of the largest economy, the USA, in the world. The pace of 

innovation around the developed world is increasing dramatically in recent years 

owing to technological developments in 

communications, computerization, the 

Internet, etc., and the resulting 

globalization of markets and the global 

distribution of the processes of new 

product realization (concept 

development, design, prototyping, 

manufacture, and servicing). 

Some are genuinely concerned (to the 

extent of being frightened) with the  

 

 

 

increasing pace of innovation. For instance, as suggested by von Braun [1] 

“[s]uppliers of new products replacing previous ones should bear in mind that they are 

also reducing, or even destroying, the assets of customers, either their own or some 

other supplier‟s. This “creative destruction” is perhaps not exactly what Schumpeter 

[2, 3] had in mind when he was extolling the virtues of innovation at the beginning of 

this century.” However, the majority opines that innovation, when taken in its 

broadest sense, can become the force that could “liberate humanity in general from 

the preventable evil called poverty [4]”. In any case, it is generally accepted that we 

cannot ignore the onward march of technological innovation.  

Innovation may be defined as “new ways of delivering customer value [5].” Often the 

outcome of innovation appears in the form of a new process, product, or service. 

However, in many cases, the development of new services is a consequence of the 

availability of new processes and productse.g. the development of the Internet has 

resulted in a radical expansion and transformation of service industry). The new 

services become part of “an emerging industrial value-adding structure that supplies 

functionality around a new basic technology system [6].” 

When a corporation is mainly competing on the basis of superior productivity 

(functional capability/input) and quality, the focus is on process innovation (in 

addition to strategic issues related to organization, human resource development, 

marketing, etc.). However, as the corporation forges ahead towards competing on the 

basis of innovation, more and more attention needs to be paid to product innovation. 
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2. Changes in the Nature of Technological Processes and Products 

In the era prior to the invention of the electromagnetic induction dynamo (1830-40) 

by Michael Faraday, all „machines‟ (technological processes and products) were 

mechanical („M-„) in nature, i.e., composed essentially of mechanical units. Since 

mechanical units exhibit large inertia, machines of this era tended to be large, 

cumbersome, slow, „uni-functional‟ and „non-user friendly (difficult to control and 

maintain)‟. However, it sufficed for the innovators of such machines to be well versed 

in mechanical sciences and arts.  
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By the late 19
th

 century, since electrical („E1-„) energy can be transmitted and 

transformed much more easily than mechanical energy, the energy receiving and 

manipulating units within machines (technological processes and products) started 

being replaced by functionally comparable electric units. As a result, machines 

became more compact, controllable and user-friendly.  

A technological transformation occurred with the advent of analog electronic („E2-„) 

valves in the earlier half of the last century. This transformation accelerated after the 

1950s owing to the development of transistors, digital electronics and power 

electronics („E3-„). Wherever possible, electrical functional units were replaced by 

such electronic units so as to attain several orders superior performance in terms of 

size, controllability and user-friendliness. The synergistic combination of E1-, E2-, 

and E3-technologies may be called the E-technology (electrical/electronic 

technologies). 

The second half of the last century saw a dramatic transformation technological 

processes and products owing to the rapid extension of earlier successes in electronic 

technologies towards the development of a bewildering array of digital computational 

units (computers): general purpose integrated chips (IC), application specific ICs 

(ASIC), microprocessors (P), etc. These functional units are now so small in size 

(miniaturized) that thy can embedded within the functional units. Such units will be 

referred to as belonging to „C-„ technology in the rest of this paper.  
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Figure   The scope of Mechatronic Engineering 
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The synergistic combination of M-, E-, and C-technologies eventually led to 

processes and products that could not be contemplated before [7-12] while attaining 

unprecedented levels of performance (sees Tables 1 and 2). 

Table 1 Some types of mechatronic products (adapted from Dinsdale [7-10])  

Type Examples 

Transducers and measuring instrumentation Ultrasonic receiver 

Electronic scale 

Processing machines Turning and machining centers 

Bonding machines 

Robots 

Industrial handlers Robots 

Component insertion machines 

Drive mechanisms CD players 

Printers 

Disk drives 

Interface devices Keyboards 

 

Table 2 Benefits of mechatronic engineering (adapted from Dinsdale [7-10])  

Benefit Examples 

Faster response time Servo-motion controller 

Camera 

Better wear and tear characteristics Electronic ignition 

Miniaturization potential Camcorder 

Easier maintenance and spare part 

replacement rive mechanisms 

Washing machine 

Memory and intelligence capabilities Programmable sequence controllers 

Shortened set up time Computer numerical control (CNC) 

machines 

Data processing and automation CNC machines 

User friendliness Photocopier 

Enhanced accuracy Electronic calipers 

 

Many modern products use embedded computers (computer-on-a-chip) to provide 

functionalities hitherto attained exclusively by mechanical means. One may also 

exploit the ability of a computer to be programmed at will to add new functionalities. 

For instance, we can create „smart‟ products by programming the computer on the 

basis of fuzzy logic, or by making the computer behave like an artificial neural net 

(ANN). Thus computer technology offers an opportunity for endless product 

innovation. Mechatronic engineering is the emerging discipline that supports the 

development of this class of technological processes and products.  

Although USA and Europe had contributed significantly to the M-, E-, and C-

technologies described above, it was Japan that fully recognized the strategic 

importance of the development of mechatronics as a distinct discipline. Indeed, much 

of Japan‟s economic success since the 1970s seems to be based on its mastery of 
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mechatronic engineering [13, 14]. However, soon the importance of mechatronic 

engineering started being recognized elsewhere in the world.  

Since mechatronic engineering is an emerging discipline, it is not surprising that 

many peopleMost The original definition of mechatronics was given by MITI of 

Japan as “the application of microelectronics a combination of mechanical 

engineering, electronic control and systems the understood first which According to 

the Industrial Research and Development Advisory Committee of the European 

Community, mechatronics is “a synergistic combination of precision mechanical 

engineering, electronic [read computer] control and systems thinking in the design of 

products and manufacturing processes [Dinsdale 90].”  

Our undergraduate program in mechatronic engineering was launched in the early 

1990s [Venuvinod 93]. The graduates were expected to be different from the 

traditional specialist mechanical, electronic, or computer engineers. They would know 

the art and science of achieving the optimum synergy amongst the three basic 

technologies. This suggested that we had to recognize mechatronics as an integrative 

discipline. The science part was relatively easy to deal with. We could achieve it 

merely by including the basics of the three disciplines in the curriculum. The path to 

the integration of the three basic disciplines (which, hitherto, had remained distinct) 

was much more difficult. Literature concerning the conceptual structures underlying 

such synergy was sparse. We sought to resolve this problem by giving a product 

design orientation to the program. We designed our curriculum such that groups of 

students (3 to 5 members) could work autonomously over a period of three semesters 

towards the development of the concept, embodiment design, prototype fabrication, 

and testing of a mechatronic product. Typical products attempted by our students 

include a smart household vacuum cleaner, a smart wheel chair for paraplegics, a 4-

axis CNC (computer numerical control) turning-cum-milling center, and a „smart cart‟ 

to reduce queues in super markets. In parallel, our students also study a course on 

“Design Management‟.  
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Figure : Prototypes of manufacturing programs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

1. C.F. von Braun, The Innovation War, Prentice Hall PTR, New Jersey (1997). 

Figure: Modern manufacturing organization 

 

Stay in the middle 

 

 

EE 
 

Upward integrated 

 

 

Downward integrated 
Comprehensively 

integrated 

Sf 

Sf 

Sf 

Sf 

W 
 

M 

F 

F 

F 

W 

W 

Figure  Professionally oriented prototypes 

 



 7 

2. J. A. Schumpeter, Theorie der wirtschaftlichen Entwicklung, Leipzig, Duncker 

and Humboldt. English translation The Theory of Economic development, Harvard  

(1934). 

3. J. A. Schumpeter, Capitalism, Socialism, and Democracy, Harper and Row, 1942; 

Harper Collins Publishers Incorporated (1976). 

4. C. Freeman, The Economics of Technical Change: A Critical Survey, Cambridge 

Journal of Economics, 18 463-514 (1994).  

5. Mark O‟Hare, Innovate: How to Gain and Sustain Competitive Advantage, Basil 

Blackwell (1988). 

6. Frederick Betz, Managing Technological Innovation: Competitive Advantage 

from Change, John Wiley & Sons, Inc., New York (1998). 

7. J. Dinsdale, “The Electronic Gearbox: Mechatronics in Action,” Eng. Designer, 

11-14 July/August (1989). 

8. J. Dinsdale and K. Yamazaki, “Mechatronics and ASICS,” Annals of the CIRP, 38 

627-634 (1989).  

9. J. Dinsdale, “Mechatronics: The International Scene,” Mechatron. Sys. Eng., 1 

101-105 (1990). 

10. J. Dinsdale, “Mechatronics: Where Motors meet Microporocessors,” IEE Review, 

315-318 September (1991). 

11. D.A. Bradley, D. Dawson, N.C. Burd, and A.L. Loader, Mechatronics: 

Electronics in Products and Processes, Chapman & hall, (1991). 

12. K. Keyes and C. parks, “Mechatronics, Systems, Elements, and Technology: A 

Perspective,” IEEE Trans. on Comp. Hybrids and Manufacturing Tech., 14(3) 

457-461 Sept (1991). 

13. V.D. Hunt, Mechatronics: Japan’s Newest Threat, Chapman & Hall, London 

(1988). 

14. J. Buur, Mechatronics Design in Japan, Inst. For Engineering Design, Technical 

University of Denmark, IK 89.58 (1990). 

15.  
 

 

 [Bradley 1997] D.A. Bradley, “Applying Mechatronics,” Manufacturing 

Engineer, 117-120 June (1997). 

[Buur 1990a] J. Buur, A Theoretical Approach to Mechatronics Design, PhD 

Theis, T.U. Denmark, Lyngby (1990) 

[Djordjevich 2002a] A. Djordjevich and Patri K. Venuvinod, “Integrating 

Mechatronics in Manufacturing and Related Engineering 

Curricula,  (2002).  

[Djordjevich 2002b] A. Djordjevich and Patri K. Venuvinod, “Streamlining the 

Controls, Electronics and Automation Subjects in 

Manufacturing Engineering Programs,”  (2002). 

[Evans 1995] B.J. Evans, A.M. Shahri, F. Naghdy, and C.D. Cook, 

“Developing a Mechatronics Laboratory at the University of 

Wollongong,” Proc. 2
nd

 Int. Conf. Mechatronics and Machine 

Vision in Practice (M
2
VIP’95), City University of Hong Kong, 

12-14 September, 315-319 (1995). 

[Fraser 1993] C.J. Fraser, J.S. Milne, and G.M. Logan, “An Educational 

Perspective on Applied Mechatronics, Mechatronics, 3(1) 49-

57 (1993). 

 



 8 

[Kajitani 1989] M. Kajitani, “A Concept of Mechatronics,” J. Robot. 

Mechatronics, 1(1) 8-13 (1989). 

[Lomonova 1998] E.A. Lomonova, J.B. Klassens, S.I. Volsky, and V.A. 

Postnikov, “Mechatronic Design Course for Aeronautical 

Engineers,” Proc. 2
nd

 Int. Conf. Mechatronics and Machine 

Vision in Practice (M
2
VIP’95), City University of Hong Kong, 

10-124 Sept., 537-540 (1998). 

 

[Langdon 1995] P.M. Langdon, R.H. Bracewall, M.J.W. Duffy, and J.E. Sharpe, 

“An Integrated design Platform for the Conceptual 

development of Complex Mechatronic Systems,” Proc. 2
nd

 Int. 

Conf. Mechatronics and Machine Vision in Practice 

(M
2
VIP’95), City University of Hong Kong, 12-14 September, 

333-338 (1995). 

[Milne 1990] J.S. Milne and C.J. Fraser, “Development of a Mechatronics 

Learning Facility,” Mechatronic Sys. Engng, 1 3-40 (1990). 

[Reed 1995] E.W. reed and R.L. Ward, “Teaching Mechatronics to Final 

Year Students of Manufacturing Technology,” Proc. 2
nd

 Int. 

Conf. Mechatronics and Machine Vision in Practice 

(M
2
VIP’95), City University of Hong Kong, 12-14 September, 

326-330 (1995). 

[Tomkinson 1996] D. Tomkinson and J. Horne, Mechatronics Engineering, 

McGraw-Hill, (1996). 

 [Venuvinod 1985] Patri K. Venuvinod and P.W. Leung, "Role of Flexible 

Manufacturing Cell in the Education of the Modern 

Manufacturing Engineer," Proc. Int. Conference Automation in 

Manufacturing, Singapore, Session-1, 56-68  (1985). 

 [Venuvinod 1993a] Patri K. Venuvinod, P.K. and K.P. Rao, "A Mechatronic 

Engineering Curriculum for Professional Education," Int. J. 

Engineering Education, 9(5) (1993). 

 [Venuvinod 1993b] Patri K. Venuvinod, W.Lawrence Chan, Dennis N.K. Leung, 

and K.P. Rao, "Development of the First Mechatronic 

Engineering Course in the Far East," Mechatronics,  3( 5) 537-

541 (1993). 

[Willard 1990] H.B. Willard and A.E. Paton, “Laboratory-based Technology 

Education at Motorola,” Tech. Trends, 35(6) (1990). 

[Wu 1994] Paus S. Wu, H.Y, Tam, and Patri K. Venuvinod, "Intelligent 

AssemblyTeaching and Research Strategies at the City 

Polytechnic of Hong Kong," Proc. Int. Symposium on Robotics 

and Manufacturing (ISRAM), Maui, USA, 14-18 August 

(1994).  

[Yong 1995] F.S. Yong, T.F. Hui, and S.M.S. Quek, “Case Study: learning 

Mechatronics in Secondary Schools and Pre-University 

Colleges in Singapore,” 2
nd

 Int. Conf. Mechatronics and 

Machine Vision in Practice (M
2
VIP’95), City University of 

Hong Kong, 12-14 September, (1995). 

[Zhu 1995] Q.Y. Zhu, B.X. Liao, and Peter W. Tse, “Development of 

Mechatronic Engineering in the Special economic Zone, 

Shenzen, China,” Proc. 2
nd

 Int. Conf. Mechatronics and 



 9 

Machine Vision in Practice (M
2
VIP’95), City University of 

Hong Kong, 12-14 September, 331-332 (1995). 

 

 

 


