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An Interadive Multimedia Based Instruction
In Experimental Modelling -
Integrating Matlab with an Authoring Program

M. Knudsen, J. Ngrgaad Nielsen, J @stergaad, J. D. Nielsen and N. Jargensen
Department of Control Engineaing, Institute of Eledronic Systems
Aalborg University, Denmark
e-mail: mk@control.auc.dk

Abstract: A CD-ROM based interactive multimedia instructionin experimental modelli ng for
Danish Engineaing Schod teachers is described. The ontent is based ona new sensitivity
approach for dired estimation d physical parameters in linear and norlinear dynamic systems.
The presentation is inspired by Soloman's inventory of learning styles. To enhance active
learning and motivation by real life problems, the simulationtod Matlab is integrated in the
authoring program Medi8or.

1. Introduction

The potential advantages of Multimedia and Computer Based Leaning (CBL) are enhanced
flexibility and effedivenessof the leaning process The flexibility with resped to place ad time
makes CBL very appropriate for distanceleaning: the students can work in their own home, on
their own time, and at their own pace The enhanced effedivenessof Multimedia and CBL is
mainly due to extensive sensory stimulation using text, graphics, animations, sound, voice and
music, and - in particular - to increased interadivity i.e. adive leaning.

These potential advantages and their implementation in educaional software is described in
many publications, eg. [1]-[6]. Typicd results of CBL is an increased leaning speed and retention
(up to 5(%), lower drop-out (30%), better grades, and a general positive or even enthusiastic
acceptance by the students, [3], [7]-[9].

The projed described in this paper has two objedives:

* todevelop aMultimediaBased Ingtruction (MBI) in Simulation and Experimental Modelling
of dynamic systems, primarily for upgading of Danish Engineeing School teaders in
advanced control engineging

* todevelop agenera concept for flexible multimedia based instructions in the field of Control
Engineaing

For the sake of the engineaing schoal teadiers, a distanceleaning (self - learning) course on
CD-ROM isdesirable. Also asimple dedronic communication network will be established.

For analysis of dynamic systems, numerica cdculations and graphica visualization of the
results, Matlab [10] is an excdlent tool. As pointed out in [7] , commercial tools for design and
smulation, such as Matlab, are extremely important for student problem solving, but they are not
designed for the purpose of communicaing basic concepts. Consequently, it is an obvious idea
to integrate Matlab into a computer based instruction, creged by an appropriate authoring



program.

In the following, the presentation of the subjed and the corresponding pedagogicd concepts
are discussed. Next, the goplied software, Matlab and the authoring program Medi8or, is briefly
presented, the ntent of the instruction is described, and finaly some examples of the
implementations of the mncepts into the MBI are given.

2. Presentation And Pedagogical Concepts

Though content is the foremost concern of any educational product, good presentation is vital to
convey the @ntent to the student. The multimedia offers sosme new possbilities for presentation,
and for optimal utili zation of these possbili ties, known pedagogicd principles must be gplied and
new developed. The keywords for the design of this MBI are: leaning styles, adive leaning, and
understanding.

L ear ning styles.
Soloman’ sfour dimensions of learning styles [5] are described in Table 1. The numbersin bradkets

are results of asurvey of an introductory material and energy classreported in [5]. They are very
similar to other observations.

Processng: Active/Refledive (67%/32%)
Active leanerslean best by doing something physicd with the information, while
refledive leaners do the processng in their heads.

Perception: Sensing/Intuitive (57%/42%)
Sensors prefer data and fads. Intuitors prefer theories and interpretations of factual
information.

Input: Visual/Verbal (69%/30%)
Visual leaners prefer charts, diagrams and pictures, while verbal leaners prefer the
spoken or written word.

Understanding: Sequential/Global (71%/28%)
Sequential learners make linea connedions between individual steps easily, while
global learners must get the 'big picture’ before the individual pieces fall into place

Table 1: Leaning styles

These results are used to med the needs of the students in two ways: by generally emphasizing
presentations appropriate for the most common leaning styles (adive, sensing, visual, sequential),
and by uitili zing the flexibili ty of computer based leaning to let the student choose, e.g. between
examples and proofs of formulas.

Active learning.

Active learning “involves providing opportunities for students to meaningfully talk and listen,
write, read, and refled on the content, ideas, issues and concerns of an acalemic subjed” [2]. At
Aaborg Universty this has very successully been implemented as group- and projed-organized
sudies[11]. The question is now: how and to what extent can the cmputer in self-leaning take
over the interadivity between students in groups and between student and teader ?



With this MBI the student is constantly adivated by seleding the segment of text to be read and
a orresponding speek, by seleding hyper links, by interadive examples and demonstrations, and
by problems and exercisesto be caried out. Hopefully, this will also make the student refled on
the results and the basic concepts.

Under standing.

The purpose of the leaning processis to adbtain an understanding of the subjed, and for an
acalemic subjed this is definitely more than the adility to use it for doing smple exercises.
Generally, an understanding is best obtained by a combination of leaning styles, but often,
intuitive understanding is asociated with visuaizaion skills and percaving connedions[7]. In
particular, for understanding the behaviour of various dynamic systems in circuit analysis,
modelling and control theory, graphs are very beneficial, for example a @mbined graphicd
representation of step response, Bode plots, and pole-zero location in the complex plane. Thisis
agood reason for integrating Matlab in the MBI.

Another important prerequisite for deep leaning and understanding is motivation, and one
of the strongest motivators in engineering educaion appeasto be pradicd red world problem
solving [6]. At Aalborg University the students devote half of their time on projed work, often
in connedion with industry or reseach projeds[11]. Thisis a tremendous motivation fador. Also
in courses, inclusion of redistic problemsis now possble thanks to the cdculation power offered
by computers and programs like Matlab. In the MBI, models of various dynamic processes, such
as DC-motors and loudspe&kers, are obtained from red measurement data.

3. Software Tools

The production of an MBI is an enormoudy time-consuming process in particular when it is done
by aledurer with little professonal assstance Idedly, the ledurer should be &le to concentrate
on the ontent and the presentation, but there ae numeroustechnicd and pradicd problemsto
be solved. It is important to utilize good and compatible software tools, and the doice of
authoring program is crucial.

M edi8or

The authoring program Medi8or was chosen, mainly for the following reasons:

« It meds the requirement for the spedfic purpose just as well as most of the possble
aternative products

o Itisvery user friendly and smpleto lean, asit isicon based and requires no programming

*  Theproduced run-time version is a stand-alone program to run on a PC with Windows

The aedion of multimedia products with Medi8or is objed based. Different objeds, such as text,
lines, buttons, input fields, coloured redangles, pictures, animation and video can be reated or
creaed from atoolbar

Basicdly, Medi8or programs consist of events causing actions. An event may be amouse
click on a button, movement of the airser into or out of a spedfic objed, or a page being realy.
An adion may be show or hide an objed, play a wave file or turn page. The adions may be
controlled by if-statements or atimer. The events/adions are eaily edited by an Event Dialogue,
dragging and dropping corresponding icons.



M edi8or and M atlab

Matlab offers numericd computations based on matrices and graphicd presentations [10]. A large
number of special functions and toolboxes for various applicaions reduce the programming to a
minimum. Commands and input/output of numericd data can be adhieved from files or from a
command window.

When using Matlab together with a Medi8or program, the Matlab command window and a
graphicd window must appea on the Medi8or page. The Medi8or program can start Matlab, and
the mntrol can be transferred between the two programs via afile. The principleis[9]:

1) Start Matlab from the Medi8or program

2) Makeit runin aloop, chedking for input through files

3) Exeaute cmmands and pause

4) Continue loop, while control is bad to the Medi8or program

5) On agive aJe, quit Matlab from within Matlab thus returning to the Medi8or program

This way, prepared smulations can be demonstrated, or the student can try out his own
experiments and solve exercise problems, still i n the environment of the Medi8or program. In
particular, important graphica results can currently be emphasised and commented by spe&ks.

4. Content Of Thelnstruction

The basis of the content is a method for dired estimation of physicd parameters of dynamic

systems, from measured sequences of input-output signals[12],[13]. The method uses a sensitivity

approadch for design of input signals and for evaluation of the acarracy of the parameter estimates.

Compared to classcd system identification, [14] the sensitivity approach hes the following

advantages:

+ itisvery easy to understand, and compatible with physicd insight

« itisapplicable for nonlinea systems, distributed parameter systems, multi variable systems,
and systems with time delay

« itisrobust to violation of theoreticd assumptions and approximations

Noise
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Fig.1 Parameter estimation principle.



The basic principle for any parameter estimation method isill ustrated in Fig.1:

1) Sequences of system input-output signals are measured and stored in the computer. i) A
simulation model is given the measured system input, and the difference between the system
output and the modd output, the model error, is cdculated. i) The parameters of the simulation
model are aljusted to minimizethe model error.

Different methods may be dharaderized by the simulation model applied:

1) A linea discrete-time model, often including a stochastic noise model, leals to classcd
system identification. This requires only little knowledge of the system, except that it is
approximately linea.

2) A generd continuos-time simulation mode! leads to the dired, sensitivity based method. It
requires areliable physicd model structure.

3) A Neura Network model is appropriate for complex nonlinea systems, where areliable
physicd model structure canot be obtained.

The MBI covers methods 1 and 2, method 3will | ater be included.

For the dired, sensitivity based method, 2, a Matlab toolkit, SENSTOOLS [13], with
graphicd user interfacehas been developed. The only programming effort required by the user
Is construction of the simulation program.

5. The Multimedia Based Instruction

Inthis sdion some of the main issues in design of the MBI vil be discussed and exemplified. At
present only the dasscd system identification method has been implemented.

The gructure: experience show [15] that for technicd subjeds most students prefer a sequential
main structure, with smple sequential sub structures as hyper links. The MBI is gructured
acaordingly, Fig.2. The compulsory pages are sequentially organized as P1....PN. Structurally
theseare linked roots in aforest of trees, where the descendants of the roots contain ill ustrating
examples, basic theory, mathematicd proofs etc.

Eadch node in Fig.2 consists of one screen page, eat with a header field in the upper left
corner, atext field, and a button field in the lower right corner. Fig.3 shows an example of a P-
page. Clicking on previous/next gives ajump to previous/next P-page. This feaure supports the
sequential structure of the compulsory part of the ledure. Clicking on linksin the text field cdls
pop-up windows or gives a transfer to an S-page. The S-pages do not have the previous/next
buttons, but areturn button giving areturn to the root of the airrent tree

PL > P2 > P3 > P4 > P5 >

K Y

S2.1| [S2.2 S4.1
Y Y
S2.2.1] S4.2

Fig.2 Structure principle of the instruction. Main structure P1...P5...



An dternative way of navigation is by means of the content button. Clicking on that puts Fig.2 on
the screen with the arrent node highlighted. Clicking on another node in Fig.2 gves adired jump
to the screen page.

Text and speaks:. to aleviate the problem of reading text on the screen, the student can highlight
a segment of text with the arsor. At the same time the crresponding speek will be adivated.
When the spe&k is terminated, the yellow highlight will disappea. We hope, that this will also
increase the sense of interadion, and help deter passve dedronic page turning.

. gr . p2
System Identification el e

System Identification: Determination of models for dynamic systems from
measured input-output signals.

Modelling: Experimental or theoretical/physical.

Model: A represertation - on usable form - of important characteristics of
the system, e.g. mathematical model.

Use of models: Simulation, prediction, control.

Exit Contents << Previous Next >>

Fig. 3 A typicd text page. The white field is highlighted (yellow) by the arsor.

Integrating Matlab: Fig. 4 shows a page with a Matlab command window and graph window.
This is used to demonstrate how a GaussNewton agorithm iteratively determines better
parameter values. The command window shows the number of iterations and the arrent
parameter estimates. The graph window shows the measured system output and the model
output.; for ead iteration the model output approacd the system output. This development is
commented by spe&s.

Tests and exercises: An example of amultiple choicetest page is siown Fig. 5. The purpose of
thiskind of test isto rehearse important concepts and mathematicd tools. If the result of the test
is inadequate, the student is urged to redo the preceading pages.

The Exercises consst of redigtic or red life problems, often using Matlab, where the students are
encouraged to refled on ideas and methods, and evaluate ard comment the results. If possble, the
program will give feadbadk on the results.



o o h6.1
Parameter iteration

The parameters of the model

=
G(q) _bg~

1+aq -
are adjusted by a Gauss-Newton algorithm
to minimize the error between the measured
motor velocity and the model output.

] Figure No. 1
4 MATLAB Command Window [_[O[x]
File Edit Options Windows Help
Press a key to remove the Al

Matlab window ->
Start guess for parameter values:

-0.9000

0.1000

Press a key to continue ...

no =
2 I |

Press a key to continue ...

Contents

Fig.4 Medi8or program page with Matlab command window and graph window.

- q12.1
Quiz 1

4
/ o~ )_ Correct - 1 point.
|« \_J Click to see the standard solution.

Question 1/6: =

— — -
Yof2) = 09
¥uf3) = 081

Given a model structure:

=il
Ynl(K)=G(q)- t( k) c;(q):be_»1
1+aq

and the parameter values:

a--0.9 b=1 ‘ Answer 2: Y = 1

Yn2) = 1.9
and the signal values: Y3 = 271

[0 for k=0 _
“(k)‘{1 for ka1 Ym(@)=0

Answer 3: Yo h = 0
Y2 = 1
Y3 = 19

Determine the model output for k =1, 2 and 3.

Exit quiz Rules Next question >>

Fig.5 Multiple dhoicetest. The mrred answer has been given.

Evaluation: Theinitial evaluation of the MBI will be performed by colleagues and, in particular,

the pedagogicd experience of the engineaing school teaders, for whom it is intended, will be
utili zed.



6. Summary

A Multimedia Based Ingtruction in Experimental Modélli ng was implemented, using the authoring
program Medi8or. The smulation tod Matlab was integrated and used for numericd caculations
and graphicd display. The presentation emphasises flexibility w.r.t. leaning styles, interadivity
to enhance ative learning, and motivation from red life problems.

When the MBI is completed and evaluated, it will be distributed on CD-ROM and probably on
WWW.
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