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Abstract
When the Integrated Teaching Studio was introduced for teaching first year Mechatronic Engineering degree students, it was not used as originally planned. This was owing to the fact that there were little experiment-based courseware available for use in such and environment. This paper outlines the courseware developed by the author which has been used to complement the lecture/tutorial aspect of studio teaching.

The introductory electrical and electronic engineering course covers all aspects of the subject, from basic circuit theory, through analogue electronics, digital electronics and elementary machines. It is designed as a base course for future study and is very much designed to give an overview of the subject. As such it is an ideal course for studio teaching.

The experiments covered in the virtual laboratory are all low current experiments, owing to the limit on the current supplied by the D-A interfaces. This means that it is not possible to cover some parts of the syllabus, such as machines (although this may be overcome in the future)

This paper describes the development of the course and the integration of off-the-shelf simulation  software with commercial interface cards and locally designed courseware and hardware. 
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Introduction
The introduction of Studio Teaching at City University of Hong Kong has been covered in many papers over the past few years. [1], [2], [3], [4]. However, one aspect that has not been covered in detail is the problems involved with introducing the laboratory component into the integrated teaching approach. 

Much of the courseware currently in use in the Integrated Studio does have some laboratory component; however, the experiments are either fairly trivial or so complicated that they are done by an instructor. The experiments associated with CUPLE [5] are a case in point. Those which use some peripheral hardware connected to the computer via a Universal laboratory Interface (ULI), are basic. Others use video clips of experiments and students are asked to take measurements from the screen. Finally there are some more complicated experiments that are carried out in a larger group with a trained instructor.

For introductory science this may not be a problem; for teaching engineers a more ‘hands-on’ approach, that can be seen to be related to more traditional engineering laboratories is required.

The courseware used in the teaching of the basic electronic and electrical engineering course is mainly based on the EDEC modules. [6], [7]. However, this does not cover basic electromagnetic and electrostatic theory, and in this case some modules from CUPLE have been used. The big gaps in the EDEC courseware lie in the circuit theory and machines area. (Admittedly EDEC was not conceived to apply to these subjects). It is also unfortunate that a search and evaluation of other courseware in these areas did not find anything as well designed as the EDEC programs. (In fact, this has led the author to start work on such a circuit theory module!).

Consequently some of the presentation part of the studio teaching did not rely on fancy software, but on overhead slides projected on the visualiser. Although this seemed a bit ‘low tech’ at the time, it did, in fact, bring some variety into the proceedings.

The laboratory course
The lecture course follows very closely on that given by traditional means to the Manufacturing Engineering Degree students. This means that any laboratory content must be similar, as assessment, including examinations, tests, coursework etc are common to both courses.

The first semester experiments include a simple low voltage transformer, maximum power transfer, simple proof of circuit theorems, such as superposition, and simple diode characteristics.

The second semester experiments include the operational amplifier, logic circuits, SCR and an introduction to  dc machines.

Now, a number of institutions also involved with the development of laboratory based studio teaching [7], [8], use ‘real’ instrumentation to carry out the experiments. At CityU this was not possible, as the ITS is a university, not a departmental, resource. This means that one lesson may be used for EE, the next for management and the next for physics. Consequently there is not enough time between classes to move large amounts of equipment around, or even have a technician present.

So it was necessary to design a laboratory course that could rely on the only equipment available all the time - the PC. Unfortunately the standard PC does not have the facilities for doing anything useful externally. The ULI makes use of the serial port, but this limits the number of items that can be connected at any one time, as well as the bandwidth of any signals used.

The interface
After much searching we decided to use an interface card produced by Eagle Technology in South Africa. The particular board, the PC30GA, [8] has 16 A/D inputs and 24 programmable digital I/O lines. The board can support 16 single ended or 8 differential inputs, and 4 analogue outputs. This allowed us to simulate 8 peripherals, namely a double beam oscilloscope, two signal generators, two dc power supplies and two digital voltmeters.

Of course, limitations in the 100 kHz sampling speed meant that the useful frequency range was limited for the signal generator and the scope, but that was a small price to pay compared with the flexibility offered. (By the way, the board is far more ‘open’ and comprehensive than any National Instruments’ board and at a fraction of the price).

Having chosen an interface that could do all we wanted, we now had to find some software to drive it. It’s unfortunate that LABView, and other similar software forces you to use proprietary interface hardware. On the other hand, some other programs are more ‘open’. We chose Test Point, from Capital equipment Corporation. Eagle Technologies provide a good interface for this laboratory simulation package; at the same time, CAC will let you have a site licence and use run-time versions of any programs generated, unlike National Instruments, and other similar companies.

The cost considerations were an important factor in choosing the software and hardware for the ITS. There are 30 workstations in use, so at least that number of interfaces and programs were needed. Any supplier offering site licensing as well as an ‘open’ configuration would have an advantage over those trying to tie you to a proprietary configuration.

The experiments

It was quite clear that, with the limitations on current and voltage impose by using an A/D, D/A interface, that most of the experiments in the original programme would have to be modified or replaced. For example, the diode 

used in the diode characteristics experiment would overload the current limit of the D/A as soon as it switched on. Other experiments are just not possible with the system as designed. For example, the scr and dc machines experiments.

The dc power supply is limited to ±10 V, the current to 500 mA, and the frequency limit of the scope and signal generators is around 2 kHz for any meaningful measurements. However, even within these limitations it is possible to design quite useful experiments.

So far the superposition theorem and diode characteristics  have been completed. During the academic year 97/98 the rest of the experiments had to be carried out in the normal EE labs. We expect that all experiments will be ready for academic year 98/99.

The interface boxes were installed on all workstations - Fig 1.
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Fig 1: A typical workstation

To make the connection to the computer interface a special interface box was designed - Fig. 2. This gives the inputs and outputs for all the instruments using the same connectors as real instrumentation. 
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Fig 2: The interface box

Fig 3 shows the bread board that is used to carry out all the experiments. This mimics the same usage as in the normal laboratory. This gives students to opportunity to learn about colour coding etc, which they would not be able to do if a prewired chassis were used. Each experiment has all its components separately packed in a small polythene bag.
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Fig 3: The breadboard

The Test Point software was used to generate the screen GUI for the power supply, dvm, scope and generator. Fig 4 shows the power supply and dvm screens. All four instruments are currently being integrated into a single on-screen GUI.
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Fig 4: The GUI screen for the double power suppy and double dvm


The laboratory manual

The traditional laboratory manual has been replaced by an online manual. This sits onscreen in a separate window to the instrumentation screen. Some of the hyperlinks in this manual refer to sections of the presentation/tutorial courseware, such as the EDEC modules. It is possible, therefor to link the experimental work screen directly to the lecture and tutorial  material.

Figs 5 and 6 show typical screen dumps for the manual. As the first iteration considered only the existing experiments, not the modified ones, the online manual can also be used for other courses. The manual, as modified to support the experiments in the ITS will, of course, only be relevant to those experiments.

In collaboration with another project at CityU [7] we will try and have the manual put on the WWW in the near future to supplement the current program which is on the university intranet only.
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Fig 5: Introductory screen
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Fig6: Typical lab manual page

Conclusions

The introduction of the Integrated Teaching Studio at CityU involved meeting many challenges. Sourcing the teaching/tutorial software was easier than trying to source any virtual experimental courseware.

Consequently it was decided that in-house courseware was required.

Using an open-architecture interface board, and an open-architecture simulation package allowed a series of experiments to be written that maximised the resources of the workstations in the studio.

Currently, first semester experiments are available for use, with further work in progress.

The students seem to prefer the integrated approach inherent in studio teaching, but there is some concern that they do not get exposure to real instrumentation. This problem will have to be addressed in the future.
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