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Modular Control Laboratory System with Integrated Simulation,
Animation, Emulation and Experimental Components

A typical sequence for the design of a controller, given the desired objectives, is the following: system modeling, design and
mathematical analysis, simulation studies, emulation, and experimental implementation. Most control courses thoroughly cover design
and mathematical analysis and utilize a simulation or experimental project at the end of the course. However, animation and emulation
are seldom utilized and projects rarely cover the entire controller design sequence. This paper presents a control laboratory system
developed at the University of Missouri at Rolla that integrates simulation, animation, emulation, and experimental components. The
laboratory system may be applied to a wide variety of controls courses, from undergraduate to graduate. In addition to the simulation
and experimental studies, students utilize animation and emulation components. Animation allows the students to visualize, as well as
validate, their controllers during the simulation design phase, and emulation allows students to debug their programs on the target
processor before experimentally implementing their controllers. Two experiments are presented to demonstrate the modular control
laboratory system.
C. C. Ko, Ben M. Cheng, J. Chen,
1017±1030 A Web-Based Laboratory on Control of a Two-Degrees-of-Freedom
J. Zhang and K. C. Tan
Helicopter
Web-based laboratories are systems that enable students to conduct actual laboratory experiments anywhere at anytime via the
Internet. The emergence of the web-based laboratories is an innovative advancement in engineering education and indicates the trend of
distant learning. In this paper, we aim to exploit the philosophy and development of designing an efficient, secure and convenient webbased laboratory for a two-degrees-of-freedom (2DOF) helicopter. In particular, we will discuss issues related to the hardware and
software structures, network communications, audio and video feedback as well as camera control systems of the web-based laboratory.
We will also present the design and implementation of a series of linear and nonlinear controllers for the 2DOF helicopter through the
web-based laboratory. The physical structure of the 2DOF helicopter makes it an ideal platform for implementing and evaluating
control strategies such as proportional-integral-derivative (PID) control, fuzzy control and state space feedback control. The system is
appropriate for all levels of university education and research. The web-based laboratory is currently being utilized in teaching both
undergraduate and postgraduate courses in the Department of Electrical and Computer Engineering at the National University of
Singapore. The system is particularly beneficial to part-time students, who are unable to access to the laboratory facilities during
normal operating hours. Feedback and comments from the students are very positive.
K. K. Tan, K. N. Wang and K. C. Tan

1031±1038

Internet-Based Resources Sharing and Leasing System for Control
Engineering Research and Education

In this paper, the development of an Internet-based resources sharing/leasing system useful for a university or research environment will
be presented. The system allows a user to access a rich variety of equipment resources without having to incur high acquisition costs,
using only available off-the-shelf components and the Internet. The principles of the system, the hardware and software requirements, as
well as operational details will be elaborated in the paper. In particular, such a system for equipment resources sharing for research and
education in the area of control engineering will be used for illustration.
D. P. Stormont and Y. Q. Chen

1039±1042

Using Mobile Robots for Controls and Mechatronics Education

Mechatronics is playing a greater role in industry and providing a realistic educational experience is becoming equally important. This
paper discusses what mechatronics is and the traditional approach to mechatronics education. It then provides details about the
approach we have been working on at Utah State University using inexpensive mobile robots in mechatronics education, including the
hardware used, the use of MATLAB1, Simulink1, and Stateflow1 for software development, and the difficulties encountered so far.
The paper concludes with future plans for the mobile robot laboratory experiments and the development of a Simulink1 toolbox for
mobile robots.
R. W. Jones and M. T. Tham

1043±1049

An Undergraduate CACSD Project: the Control of Mean Arterial Blood
Pressure during Surgery
An appreciation of the basic ideas behind the tuning of conventional proportional-integral-derivative (PID) controllers should be a
fundamental requirement of any introductory control course whether it is delivered in an Electrical, Mechanical or Chemical
Engineering Department. This contribution presents a computer-aided control system design (CACSD) assignment that the authors use
to teach students about system identification from process step-response data and subsequent PI/PID controller design using simple
tuning relationships. The biomedical system considered here, namely the control of mean arterial blood pressure (MAP) in patients
during surgery, embodies a number of interesting practical considerations that need to be taken into account when carrying out the
control design.
M. Pinotti and D. BrandaÄo

1050±1058

A Flexible Fieldbus Simulation Platform for Distributed Control Systems
Laboratory Courses
A PC-based fieldbus simulation platform has been designed to be used as an educational tool for distributed control systems teaching.
The FBSIMU (Foundation Fieldbus Function Blocks Simulator) tool can be used to highlight via hands-on activities some fundamental
concepts of discrete control and control networks. The full platform has been written using LabVIEW due to its graphical interface and
rapid development time. The simulator user interface is similar to a typical industrial fieldbus system interface and its operation
configuration is fully flexible, experiments can be conducted for different physical communication parameters, medium access control

mechanisms and controller and acquisition algorithms. This paper describes the design and development of the FBSIMU and the
incorporation of the tool in the mechatronic engineering laboratory curriculum of Eng. School of SaÄo Carlos.
C. FernaÂndez, M. A. Vicente and
L. M. JimeÂnez

1059±1067

Virtual Laboratories for Control Education: a Combined Methodology

A methodology for control education is presented, focused in student motivation and making use of a simulation environment. The goal
is to increase the number of practice sessions, making them attractive to the student and avoiding costly laboratory equipment. As a
difference to other approaches like virtual laboratories, the proposed methodology is based on a combination of computer sessions and
laboratory sessions, which should be complementary. The main idea is to simulate some interesting, well chosen real system in a
preliminary computer session; and then performing a practical experiment with a simple low-cost laboratory equipment working under
the same physical principles. This methodology reduces costs, multiplies the number of different experiments, and allows the student to
manipulate and control real physical systems. The MATLAB environment is used for the development of the simulation programs. The
structure followed allows an easy development of new programs, by keeping independent the user interface, the process simulation and
the graphical representation modules. Two examples of simulation programs (linear and nonlinear systems) are given, and full source
code is available for both of them. The methodology is being used at present at the Industrial Systems Engineering Department of the
Miguel Hernandez University for two introductory subjects of control theory.
B. Duan, K-V. Ling, H. Mir,
M. Hosseini and R. K. L. Gay

1068±1075

An Online Laboratory Framework for Control Engineering Courses

In control engineering education, laboratory work is an important component for a holistic learning experience. In this paper, a survey
of the e-learning related research and technologies is first presented. Then, the unique features needed for lab-based teaching and
learning are highlighted. Based on this study, a lab-based learning model (LLM) is proposed to extend the e-learning framework for
lab-based courses. Details of the LLM, which includes components such as the Apparatus Virtual User Interface, the Apparatus Runtime Environment and the Apparatus APIs, are discussed to illustrate how the goal of lab-based e-learning can be achieved. Finally,
two example lab experiments in the teaching of control engineering courses using the proposed framework are given.
Z. Y. Dong

1076±1082

Improving Learning in Undergraduate Control Engineering Courses using
Context-based Learning Models

Control Engineering is an essential part of university electrical engineering education. Normally, a control course requires considerable
mathematical as well as engineering knowledge and is consequently regarded as a difficult course by many undergraduate students.
From the academic point of view, how to help the students to improve their learning of the control engineering knowledge is therefore
an important task which requires careful planning and innovative teaching methods. Traditionally, the didactic teaching approach has
been used to teach the students the concepts needed to solve control problems. This approach is commonly adopted in many
mathematics intensive courses; however it generally lacks reflection from the students to improve their learning. This paper addresses
the practice of action learning and context-based learning models in teaching university control courses. This context-based approach
has been practised in teaching several control engineering courses in a university with promising results, particularly in view of student
learning performances.
T. Chang and D. Chang

1083±1092

A Hands-on Graduate Real-time Control Course: Development and
Experience

In this paper, the findings based on a graduate electrical engineering course titled `Real-Time Control Systems Design' are analyzed
and reported. This course is comprised of a lecture and laboratory component where the students are expected to transform their
theoretical knowledge into a viable team laboratory design and present the results to the entire class. Administering the Myers-Briggs
type indicator (MBTI) to the class provides an extra analytical dimension. From the MBTI test data and course grades, it is
concluded that the `learning patterns' play a significant role in student performance, team success and overall laboratory experience.
Based on the combined results, a number of recommendations are brought forth for improving curriculum design and student assessment
at the graduate level.
H. L. Goh, K. K. Tan and K. Z. Tang
1093±1101 Simulation Using Handhelds
Simulation plays an increasingly important role in electronic learning. With computers readily accessible by the students in the modern
campus, many courses have an assimilated simulation content. Simulation is especially prominent in engineering courses (such as
control engineering), whereby complex mathematical equations alone often elude a good understanding. With the help of a simulation
study, students are able to make changes to the parameters of a model and observe the impact of the change on the system
performance. This helps to improve their understanding of the system model. Advancement in wireless technology has transmuted
electronic learning into mobile education. Mobile education in essence allows the learner the flexibility of time and space to access
education resources. In order for mobile education to be pervasive, especially to people on the move, the system has to be adaptable to
include affordable handheld mobile devices (e.g. cellular phones). Unfortunately, handheld devices typically have small display units
and limited memory space. Running simulation on these handheld devices will be unthinkable if not impossible. In this paper, we
propose an innovative method to run simulation on handheld mobile devices. We present the development of a system which will allow
the learner to access a remote personal computer (PC) that houses an Excel simulator, and converts the results to a standard picture
file format which can then be viewed via cellular data technology (e.g. GPRS). The methods and difficulties involved in the
construction of the system will be duly discussed.
A. Leva

1102±1111

Experimental Activity for Teaching Control Structures

The laboratory designed and implemented at the Politecnico di Milano for the experimental activity on control structures is presented.
Different structures can be experimented, at reasonably low cost, by means of a single apparatus, easy to use and maintain, and
suitable for a large number of students. The pedagogical importance of experimenting with control structures is discussed, highlighting
the originality of the experimental setup presented. An overview of the setup is given, and laboratory assignments are described.
N. P. Mahalik, J. H. Ryu, B. H. Ahn
1112±1121 A Citation of Control Related Interdisciplinary Disciplines in Engineering
and K. Kim
Education
Improvements in control systems have long been reflected through continuous study, research and developmental activities. This paper
presents a citation of control-related interdisciplinary disciplines (ID) that falls in the field of macro and micro automation and
machine control systems. The paper first stresses the need for an interdisciplinary approach towards control engineering education.
Then, it focuses on the subject contents for control related interdisciplinary topical domains. The scopes of various interdisciplinary
domains such as microelectromechanical systems, mechatronics and micromechatronics, computronics and photonics, micro
instrumentation and control, convergent networks, nanotechnology, real-time machine control, HILS, etc., will be highlighted in
appropriate order. The impact of these emerging disciplines on control engineering will be elaborated in the last section.
S. Dormido, S. Dormido-Canto,
R. Dormido, J. SaÂnchez and N. Duro

1122±1133

The Role of Interactivity in Control Learning

The scenario for control education is changing and we must adapt to the new situation. Information technology opens a whole new
world of real opportunities. Computers show a great potential to enhance student achievement, but only if they are used appropriately
as part of a coherent education approach. Computers do not change in the way books or labs doÐthey allow us to go deeper and
faster. This paper presents the personal experience of the authors in the use of interactive tools in order to make students more active
and involved in their own control engineering learning process. Some examples, with different degrees of complexity, have been selected
in order to show how we can use the control visualization concept in a new family of interactive tools for control education.

C. S. Peek, O. D. Crisalle, S. Depraz
1134±1147 The Virtual Control Laboratory Paradigm: Architectural Design
and D. Gillet
Requirements and Realization Through a DC-Motor Example
The architectural requirements of an effective Virtual Control Laboratory (VCL) are described from a generalized perspective that
takes into account the objective of supporting flexible, active, and discovery learning. It is argued that a Web-publishable VCL
accessible via standard browsers maximizes flexibility. A realization of the proposed architectural paradigm is presented in the form of
a VCL specialized for the control of a DC motor, organized in a modular fashion in terms of an animation panel that provides a visual
sensorial perception of the evolution of the state of the plant, an interaction panel that allows the student user to change key
parameters of the plant and controller, and a navigation panel that consists of five tabbed windows. The windows can be selected one at
the time, and they present to the student a users' guide, information about the plant, a description of the controller, as well as analysis
and time-domain simulation results. The analysis window includes all the classical results of linear control theory, including the
characterization of dynamic features such as the time-domain step response, the frequency-domain Bode plots, and the location of poles
and zeros. In addition, the DC-Motor VCL is able to yield analysis and simulation results for open-loop as well as closed-loop
configurations. A number of pedagogical scenarios where the VCL can be used to the benefit of the students' learning experience are
discussed.

Part II
G. W. Ellis, A. N. Rudnitzky and
G. E. Scordilis

1148±1158

Finding Meaning in the Classroom: Learner-Centered Approaches that
Engage Students in Engineering

The Smith College Picker Engineering Program has partnered with the college's Department of Education and Child Study and Office
of Educational Outreach to develop a learner-centered approach to engineering education, central to which is the integration of
engineering and the liberal arts in the service of humanity. This paper presents the results of applying these educational strategies to
Continuum Mechanics I, a sophomore-level engineering course including topics from engineering statics, dynamics, and mechanics of
materials. Pedagogical elements used in this course include a variety of strategies designed to help learners engage their preconceptions,
construct knowledge meaningfully, and take control of their learning. Assessment data demonstrate that the implementation of these
strategies leads to increases in student satisfaction, confidence and commitment towards engineering, while also achieving the technical
learning objectives of the course. The significance of these strategies for effectively engaging students, particularly women and other
underrepresented groups, in the field of engineering is discussed.
E. Bowen, S. Lloyd and S. Thomas

1159±1167

Embedding Personal Development Planning into the Curriculum Via a Key
Skills Assignment

The imminent introduction of Personal Development Plans and Personal Development Planning into higher education has led to
confusion among academics over how best to implement such measures. There are many guidelines available on what Personal
Development Plans should achieve and the activities students should be involved in. This paper provides details of an assignment
designed to help students develop the skills and knowledge they need to successfully engage in Personal Development Planning and meet
QAA requirements. The module has also been successful in changing student attitudes and perception of Personal Development
Planning. This paper would be useful for academics seeking to design a PDP process that engages students to successfully meet PDP
requirements with limited resources.
E. E. Anderson, R. Taraban and
1168±1176 Implementing and Assessing Computer-based Active Learning Materials in
M. P. Sharma
Introductory Thermodynamics
Students learn and retain more as they become increasingly engaged with instructional materials. We describe active-learning teaching
methods that we used to develop computer-based instruction modules for introductory thermodynamics. These methods, which can be
generalized to other topics in engineering, include the use of interactive exercises, immediate feedback, graphical modeling, physical
world simulation, and exploration. Ongoing assessment of the effectiveness of these materials has been carried out in parallel with
development, in part, to assure that students have access to the required technology and sufficient time outside of class to use the
materials. The assessment data include behavioral and cognitive variables that were used to examine the usability and impact of the
computer modules.
V. G. Agelidis

1177±1188

A Laboratory-Supported Power Electronics and Related Technologies
Undergraduate Curriculum for Aerospace Engineering Students

Power electronics technologies will play a vital role in the aerospace industry in the years to come and all emerging technologies are
already an important part of the industry either at R&D or in many cases production level. It is recognised that aerospace engineering
and avionics students need to be aware of these technologies and in a position to work as a team member with development of power
electronics technologies addressing specific needs. The paper discusses pioneering initiatives undertaken and the newly introduced course
of power electronics and related technologies into the undergraduate aerospace engineering curriculum at the University of Glasgow,
UK. The various components of the course are described in detail, along with the laboratory programme, which is based on a ``closedloop'' approach for the understanding of the various concepts. The pre-laboratory/post-laboratory questions and the course assessment
are given. A sample final exam question is also provided to introduce the industry relevance requirement component of the course. The
views of the students regarding their experiences, especially in the laboratory environment, are critically discussed.
Y. Y. Zhao

1189±1194

Algorithms for Converting Raw Scores of Multiple-Choice Question Tests
to Conventional Percentage Marks
Multiple-choice question (MCQ) tests are not used widely in engineering subjects as a summative assessment methodology, largely
because of the poor compatibility between the MCQ scores and conventional percentage marks. This paper develops algorithms for
converting raw scores of MCQ tests to conventional marks based on probability theory. The algorithms are independent of class size
and historical data and can be easily implemented in a spreadsheet programme by using a conversion table. The converted marks are
compatible with the conventional marking scheme and can therefore be used standalone or as assessment units of a course. The
algorithm for four-choice questions has been applied for a course with a satisfactory outcome. The issues concerned with the
applications of the algorithms are discussed.
S. Al-Jibouri, M. Mawdesley, D. Scott
and S. Gribble

1195±1202

The Use of a Simulation Model as a Game for Teaching Management of
Projects in Construction

Project control is an essential task of management of construction projects and good planning and control have long been recognised as
having beneficial effects on the success of a project. However the efficacy of control techniques that are widely taught in management
courses is almost impossible to prove. It is also very difficult on a theoretical basis to help students to understand the effects of their
decisions and thereby enable them to learn the mixture of science and art which is project control. The use of management games for
teaching in construction has the advantage of enabling participants to be put into complex, realistic project situations without incurring
the financial and time penalties which would accrue if real projects were used. This paper describes a simulation model of an
earthmoving project, which is used as a management game, to provide players with experience in the management and control of
construction projects. The model contains many of the aspects of a real project including planning, decision-making, uncertainty,
environmental effects, finance and a realistic physical model of the project and resource operation. The paper draws conclusions both on
its effectiveness for control and on its use for teaching and learning.

A. Elshorbagy

1203±1213

Learner-centered Approach to Teaching Watershed Hydrology using
System Dynamics
The use of the system dynamics approach, implemented within an object-oriented simulation environment, is presented as an effective
tool for learning watershed hydrology. This approach has the potential to enhance students' understanding of watershed hydrology
through experimenting and self-guided learning on their own. The approach could also motivate students to conduct further research in
the area and go beyond the material taught in the classroom.

