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Abstract

This contribution deals with an e-learning system called MMT- Mathematics,
Modeling and Tools. It is constituted to help students of Vienna University of
Technology to increase their abilities on both, basic mathematics on the one hand
and modeling and simulation on the other hand. This e-learning system is based
on the MATLAB R©Web Server Technology. Initially the MATLAB Server of ver-
sion 2006 was used. As this product has been discontinued MMT has been using
a self-made server containing the actual version of MATLAB. This fact supports
us to update our examples for the students or create examples containing the latest
tools of MATLAB, for instance SIMULINK R©.

Currently there are generated examples which integrate the tools of MAT-
LAB/SIMULINK. The system is also modified to use a Content Management
System (CMS). This system supports and organizes the shareable creation and
adaptation of text- and multimedia-files. The CMS will provide the means to de-
velop and maintain the MMT examples without the need of HTML knowledge.
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1 General
The main target of the creation of this e-learning sys-
tem are the students of Vienna University of Technol-
ogy. There are many different courses, which deal with
simulation and modeling. It is difficult to teach simula-
tion and modeling without any modern facilities. MMT
allows students of different fields like mathematics,
geodesy, engineering, computer science and electrical
engineering to use the provided examples for better un-
derstanding of modeling and simulation principles[1].

Beside the modeling and simulation part there are also
examples, which help to understand mathematical ba-
sics and the influence of parameter variation. By study-
ing the MATLAB file, which is available for each ex-
ample on the MMT, the student gains insight into MAT-
LAB and its usage. There is the possibility to download
these files and edit them. The main part of the visitors
of these different lessons, where the Web server ap-
plication is used, have already attended courses about
programming. Therefore they are familiar with reading
MATLAB code.

A part of the department of analysis and scientific com-
puting of Vienna University of Technology works a lot
with simulation and modeling. Thus this institute offers
many different courses about simulation in addition to
the courses for mathematic basics for several studies.

In these lessons the MMT system is used to present dif-
ferent simulation models and explain the main aspects
of modeling. This ’learning by doing’ process is sup-
ported by the availability of these examples via a web
interface for advanced learning at home. The relation-
ship between these dynamical models and the reality is
also a very important goal of the MMT system[2].

To assure the comprehensibility of the examples and the
MATLAB codes, they underlie a certain structure. This
well defined structure supports an easy implementation
and illustrats special contents of teaching.

Fig.2 shows the current layout of the examples. It is
separated in 3 parts. There is the header which contains
the name of the example the main content the example
deals with and on the right there are similar examples.
The left block offers the opportunity to choose certain
variables which are defined in the text above. There is
also a short description of the model. The lower right
part is white at the beginning. If the parameters are
chosen the student confirms his choice and receives an
output-image there. That was the layout used until now.

The following figure Fig.1 shows the approximately
layout of the MMT e-learning system. In the section
1 the student chooses the right lecture and will get a
list of all the expamles convenient to this lecture. In
section 3 on the right side there will be all examples
which deal with a similar topic like the chosen exam-
ple. Additionally there resides the buttom ’view mfile’
and the SIMULNIK block model, if the example is im-
plemented in SIMULINK. It is also possible to upload
other important files for every example. In the middle
section number 2 there the description of the example,

the input field and the output window are arranged.

Fig. 1 This figure shows the expected layout in the CMS
with the help of an other homepage of our workgroup.

In our case the interface used for input and output rep-
resentation is defined by standard HTML frames. This
files interact with MATLAB directly via the web server
so the system becomes more stable. After defining the
structur once, it is possible to adapt examples and add
new ones without any code writing in PHP ot HTLM.

2 Examples with MATLAB and
SIMULINK

In the following paragraph explains some examples
contained in the MMT e-learning system, based on
MATLAB and the MATLAB-tool SIMULINK. The ad-
vantage of SIMULINK is the clear block structure. The
program code of these examples consists of many small
mathematic blocks which describe every single step of
the based equations. It is also possible to take a look at
the based MATLAB code.

2.1 Interpolation with Splines

The first example shows an interpolation problem. It is
implemented in MATLAB. The topic is the interpola-
tion of a function which describes an increase in trapeze
form by using 4 different variants.

Fig. 2 An example of mathematic basics - splines

As shown in Fig.2 the different colored lines charac-
terizes the different ways of interpolation. The green
line describes the piecewise hermit-interpolation. This
interpolation takes care of the derivations of the func-
tion which has to be approximated. The dashed red line



shows the interpolation with splines. Splines are de-
fined piecewise with the additional condition that the
meeting point of two polynomial pieces has to be dif-
ferentiable. The used splines in this example are cubi-
cal which means that the meeting point has to be two
times differentiable. The pink line describes a nor-
mal polynomial-interpolation. There is only one se-
lectable parameter which describes the degree of the
interpolation-polynomials.

In the following figure shows the influence of the cho-
sen degree for the interpolation-polynomials.

Fig. 3 Influence of different chosen degrees of the inter-
polation polynomial.

In Fig.2 the degree of interpolation-polynomial is 6 but
in the shown Fig.3 the chosen degrees are 2 in the left
one and 7 in the right one. The difference between the
several interpolations depending on the chosen degree
is visible.

2.2 Predator - Prey - Model

This example is implemented in MATLAB only. It de-
scribes the interaction between the population of the
predators and its preys. The based equation are two
first-order, non- linear differential equations, named
Lotka- Volterra- equation[1]:

dx
dt

= x · (ε1 − γ1y) (1)

dy
dt

= −y · (ε2 − γ2x) (2)

The variable x characterizes the amount of preys and y
stands for the number of predators. The parameters ε1
describes the reproduction of the preys and γ2 the repro-
duction of the predators in case of well conditions. That
means that there is enough to eat and no other animal,
who hunts them. The amount of preys who is killed
by one predator is the constant γ1. The last absolute
term is ε2, which describes the rate of dying predators
if there is no prey. The equations eq:eqdx and eq:eqdy
characterize the growth of the population of the preys
and predators against the time. The fitting example in
the MMT-system is shown below.

The output-image shows four different graphics. The
first graphic shows the data of the predator’s popula-
tion. In the figure below the difference between the
predator’s data and the simulated population is pointed
out. The upper graphic in the right shows the popula-
tion of the predators and its prey. It demonstrates that
there is a maximum number of preys and predators. If

Fig. 4 This figure shows a example of simulation.
The resulats shows the coherency of the population of
predators and preys.

the number of predators is low the reproduction of the
preys exceeds their loss and their population rises. This
increase of preys leads to a rising number of the preda-
tors. There is a certain point where the killing rate of
the predators is greater than the reproduction rate of
the preys so the population diminishes. Because of the
shrinking amount of preys there is not enough food for
the predators so their count will start to fall until the
starting point is reached. The last graphic lower right
shows this coherency of the predators and preys popu-
lation.

Among others this example is used in the course for
modeling and simulation. It shows that modeling and
simulation is not a abstract and academic theme but this
example is useful in everyday life if someone is inter-
ested in nature and population of animals.

2.3 Pendulum

The following example [3] consists of two different
SIMLULINK models, which are linked to a MATLAB
main function. Both SIMULINK models, the pendulum
and the free fall, are based on differential equations.
The MATLAB file switches between the two models
and converts the parameters for each model.

2.3.1 Description of the SIMULINK models

The pendulum model, as shown in Fig.5, is based on
the differential equation

ϕ̈ = −kϕ̇− g

l
sinϕ (3)

and describes the oscillation of a pendulum. The vari-
ables of this equation are the damping constant k, which
depends on the mass, the angle ϕ and its derivate, the
gravity force g and the length of the cord l. Except
of the gravity force, which is the physical constant all
these variables are chosen by the students.

Additionally there is the condition part, which controls
the balance between the centripetal force and the grav-
ity force.



Fig. 5 The pendulum implemented in SIMULINK

F = −mg cosϕ+mLϕ̇2 (4)

If the force F of equation (4) gets negative the MAT-
LAB program switches from the pendulum model to
the free fall model. That means, that the gravity force
outweighs the centripetal force, so the simulation of the
oscillation has to be stopped and switches to the MAT-
LAB main function. This condition is realized by the
following SIMULINK model, which is integrated in the
pendulum model.

Fig. 6 The figure contains the condition request. If the
condition is fulfilled the pendulum simulation goes on.

Underneath, there is the model of the free fall shown.
The structure seems similar to the structure of the pen-
dulum.

It is also based on the differential equations, which de-
scribe the x- and y-position of the mass during the free
fall.

mẍ = −kẋ (5)

mÿ = −mg − kẏ (6)

These equations are also influenced by the damping
constant k, the mass m and the gravity force g. Inte-
grated in the model Fig .7 is an if-request. If the posi-
tion of the mass is directly on the circular path around
the origin with radius l, in other words

√
x2 + y2 = l

the simulation the free fall model stops.

Fig. 7 The free fall model implemented in SIMULINK

2.3.2 MATLAB main function

For the pendulum model it is necessary to create a
main function in MATLAB to control the sub models
in SIMULINK. At first the parameters of the pendulum,
which are freely chosen by the students, have to be set
through an instruction in the MATLAB file.

Then the SIMULINK model starts to simulate the
swinging of the mass. As described above, the simula-
tion breaks if the gravity force outweighs the centripetal
force. If the pendulum model stops the simulation the
parameter-vector of the simulated values gets passed to
the MATLAB file. This parameter-vector contains the
angle and the angle velocity for each time step, which
are used for creating the output-images. Hereafter the
values have to be converted into x- and y-Value calcu-
lated from the ϕ-Value of the pendulum model. Below,
the equations of the conversion are given.

(x, y) = (l sinϕ, l cosϕ) (7)

(ẋ, ẏ) = (lω cosϕ,−lω sinϕ) (8)

Subsequently the converted parameters are set in the
free fall model and the main function invokes the
simulation. If the coordinates fulfill the equation√
x2 + y2 = l, in other words the mass reaches the

circular path of the pendulum, the free fall model stops
the simulation and returns the simulated values to the
main file. In case of a remaining angle velocity after
converting the parameters the pendulum model starts
the simulation with the new values. Whenever the con-
dition (4) gets negative the MATLAB file has to invoke
the pendulum model again. This loop ends if the angle
velocity value is very close to null. The transformation
of the parameters from the free fall to the angle ϕ and
the angle velocity is more complicated, as shown in the
laborious If-request Fig.8 beneath.

The model creates an output-image, which shows the
path the mass of the pendulum takes. Depending on the
chosen parameters the resulting path variates demon-
strating the influence of the students choice.



Fig. 8 Shows the transformation of the parameters from
x- and y-values to the ϕ-value.

Fig. 9 The trajectory of the pendulum and free fall sim-
ulation with the parameters k = 0.2, ϕ = 3

4π, ω = 5

2.4 Discrete Controller

In this subsection a water level regulator is considered
with draft from [4]. In modeling and simulation the
control theory is an important field. This theory is easy
to learn by typical examples like this water level regula-
tor, so it is reasonable that the MMT e-learning system
contains some applications in control theory.

The principle of the water level regulator is shown in
Fig. 10. It consists of a water supply, a float lever and
a tap. The requirement of the controller is to adjust the
water inflow.

The adequat continuous controller for this requirement
is a PDT1-controller. When U(s) describes the con-
trol deviation and E(s) the actuating variable, for given
T1, T2 ∈ R the equation in Laplace-region is given by

U(s) =
T1s+ 1
T2s+ 1

· E(s). (9)

In Fig. 11 the control circuit is figured. The objective is,
to design a discrete controller. For this problem the dis-
crete controller is abstract characterized in the z-domain

Fig. 10 Sketch of the principle of a water level regulator

as

U(z) = H(z) · E(z) =
a0 − a1z

−1

1− b1z−1
· E(z), (10)

with a0, a1, b1 ∈ R.

Fig. 11 Control curcuit with continuous and discrete
controller

The discrete controller works with the sampling time Ts

and the coefficients calculates to

a0 =
T1

T2
e
−Ts

(
1

T2
− 1

T1

)
, a1 =

T1

T2
e−

Ts
T2 ,

b1 = e−
Ts
T2 ,

(11)

where T1 and T2 are the delay time and the deriva-
tive time of the continuous controller. This both con-
trol strategies, the continuous and the discrete controller
is implemented and compared in SIMULINK, see Fig.
12.

Fig. 12 Control curcuit with continuous and discrete
controller implemented in SIMULINK

The scopes of the model in Fig.12, allow the students to
view the results of the simulation. They can observe the



influence of the sampling time Ts on the performance of
the discrete controller. Another aspect is the real techni-
cal implementation of the discrete controller. In techni-
cal systems they are realized via a micro controller and
it is possible that a failure occurs. This time lag effects a
failure in the behavior of the controller. For the observa-
tion of this influence a MATLAB-function is provided
on MMT e-learning system. The system differentiates
between a failure, when the micro controller stores the
last valid actuating variable longer than scheduled or
the micro controller produces a zero signal at the out-
put. In Fig. 13 the case of storing the last valid actuating
variable is shown.

Fig. 13 Discrete controller with failure

3 Future Improvements

3.1 CMS - Content Management System

Another development, beside new and revised exam-
ples, is the modification of MMT to use a Content Man-
agement System (CMS). This system supports and or-
ganizes the shareable creation and adaptation of text-
and multimedia-files. The CMS will provide the means
to develop and maintain the MMT examples without
the need of HTML knowledge. This CMS is already
used in combination with another e-learning system.
The difference is that, there the CMS is only used for
preparation of information and administration.

In this context the CMS is used to integrate the exam-
ples directly on the website without a link and the use
of a password to open the link. In CMS it is possible
to connect to another system, in case of Technical Uni-
versity of Vienna the TUWEL system (TU Vienna e-
learning system). If the student attends a certain lecture
the system shows automatically all subscribed courses
and the adapted examples. So the CMS facilitates the
handling of MMT for students as well as for the admin-
istrators.

Because of the modification of MMT there is a new lay-
out of the examples which is shown in Fig.1 and de-
scribed there below.

3.2 MATLAB tools

Currently there are generated examples which inte-
grate MATLAB and the tool of MATLAB/SIMULINK.
There are very different MATLAB examples, easier
ones for the mathematic basic lectures and other ones
for courses about modeling and simulation. The stu-
dent can study the MATLAB code-file which contains
the main instructions for building such models. In ad-
dition the student has the opportunity to download the
MATLAB file to edit and to test this file and learn more
about programming. All these programs have to be suit-
able and well-structured program files to relieve com-
prehensibility.

In contrast SIMULINK provides a set of blocks pre-
senting data in- and output, mathematical and logical
operations. Connectors stands for the flow of data be-
tween the separate blocks. In SIMULINK equations
can be implemented combining these blocks. To look
ahead there will be more examples generated contain-
ing SIMULINK models.

Another innovation will be the embedding of examples
working with other MATLAB tools, for instance SIM-
SCAPE. SIMSCAPE is another block-structured sim-
ulation tool of MATLAB. This tool simplifies repre-
senting physical structures because it is not necessary
to formulate the based mathematical equations. It has
also a block library and the examples arevdeveloped by
combining these blocks. But the blocks differ from the
blocks of the SIMULINK library. Below there is shown
a model in SIMSCAPE which describes the movement
of a pendulum without a free fall. Comparing Fig.5 and
Fig.14 the difference between SIMULINK and SIM-
SCAPE becomes clear.[5]

Fig. 14 The bar pendulum modeled with SIMSCAPE.

The model consists of much less blocks and the blocks
differ from the SIMULINK ones. There is a ground
connected to a revolute-block and the body. The axis of
rotation is set within the revolute-block. In the body-
block the coordinates of the position are set. The, so



called, joint actuator block is necessary for the damp-
ing, in other words the revolution is influenced by the
incoming differential equation (3) of the pendulum. In
SIMCAPE there is also the possibility to take a look at
a three-dimensional animation of the model, which is
very useful to spark the students interest in simulation.

4 Conclusion
The main aspect of the MMT-system is to give the stu-
dents the possibility to get a connection to the model-
ing and simulation. On the one hand there are many
examples which help the students to test different pa-
rameters and their impact on the other hand there are
shown different ways to implement examples of mod-
eling and simulation, like MATLAB and SIMULINK.
They get to know a lot of connected fields and applica-
tions of modeling like control theory and simulation as
shown in the pendulum example. The pendulum espe-
cially also shows whow to connect to different models,
which is also a very important part of simulation.

Additionally there is the background part. The conver-
sion to CMS helps the lecturer and his assistants to co-
ordinate the examples to the right lectures. There is also
the permission point which is controlled by the web sys-
tem as well.
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