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Abstract - The paper concerns the changes in teaching in applets form which are ideal for Internet pre¢adan and
tools and methods with respect to engineering edutan, e-learning. Third, new environments and systemdblento
especially with respect to laboratory exercises and build advanced graphically oriented and interactive
project work and international students’ exchange.The interfaces which become more interesting for sttiéman
author analyses the phenomenon using experience fro  the simulation contents of the software. Fourthgdascale
teaching computer controlled systems oriented coues at  international students’ exchange caused the meetihg
large European university of technology. Traditiond  students prepared to project kind of work with stuid
teaching of courses concerning control systems preferring using the closed software for partiautes. Fifth,
programming, adaptive control, estimation and because of labour market needs the students in wesss
identification and similar included in many European are more interested in mastering specific prograbenagic
universities extensive laboratory exercises duringvhich controllers programming environments than the ganer
students were supposed to develop pieces of softwar ones.
needed for system simulation and analysis. In mangases The author's view is that the changes in tools and
such system simulation was developed in C/C++ typgf  methods mentioned above and analysed further in the
programming language and knowledge concerning e.g. sections below should be carefully observed by rezeging
numerical properties of algorithms and optimization  education professionals and thoroughly taken irdooant
methods was required. There were several factors &  while deciding upon the choice of laboratory andjgct
affected the above mentioned teaching methods and work topics and software tools used by students.
toolset — some of them are discussed in the papesing
courses on Control Systems Programming and Adaptive  CONTROL SYSTEMS PROGRAMMING COURSE OVERVIEW
Control for selected Electrical Engineering studerg as
example. As it was mentioned above the ideas presentedisrptiper
resulted from the author’'s experience in teachingmeng
Index Terms — Engineering education, Modern tools in other — courses on Control Systems Programming and
education, Methodology of engineering educationierimet  Adaptive Control. Below, the contents of these sesr—

technologies in education, E-learning. with respect to lectures as well as laboratory @ges and
projects — will be presented in order to emphasikat kind
INTRODUCTION of programming skills are useful while working withese

topics and what programming languages and platf@eesn

This paper discusses the changes that were obskw#te  to be the most appropriate in this context.
author and his colleague teachers when working Witrll_ectureContents
electrical engineering students during the last years. The
experience reported in the paper concerns maink thThe course on Control Systems Programming concerns
changing programming languages and platforms ab asel several important groups of topics from the consipdtem
students’ attitude towards programming as part ofiesign and implementation field [1], including atsff
engineering education. The examples given in thpepa introductory information on importance of controfstem
include lectures and laboratory and project worthwespect  programming phase, programming languages and paskag
to courses on Control Systems Programming and Adapt used in control system synthesis, low level congydtems
Control, at the Faculty of Automation, Electroniesid programming, real time programming consideratiomsl a
Computer Science, Silesian University of Technologymechanisms of real time operating systems.
(abbreviated to SUT in what follows). Further lectures cope with the problems of contirsuo

It is argued in the paper that tools and methodsl disr  time system simulation, discrete process simulasicimeme,
teaching the courses mentioned above have changélyd MATLAB with toolboxes as one possible control syste
the last decade considerably. First, there appeareadksign programming environment, automatic generatib
environments of MATLAB/Simulink kind which relieved control system design and simulation code, codemgdion
students from lower level of system simulationfor real time implementation of control systemseTtpics
programming. Second, there appeared languagesléike concerning communications schemes in distributentrob
and concepts of building such simulation piecesaffware systems, software for computer control networks
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transmission and distributed systems processing atse
covered.

Other topics include serial port programming, asgdem
type programming languages in control,
applicability of C programming language for low-gv
control systems programming and
portability  features  importance.  Object
programming languages and their applicability imtcol
system design and simulation are also coveredthiegevith
numerical efficiency of control systems programmisgues,
effective control systems algorithms, numericab#ity of
identification and control algorithms in micro-cooiter
based control systems.

Specific control systems analysed during
include PID control algorithm, with emphasis put digital
implementation of PID controllers and safety nedsassary
to use while implementing it. The rest of lectumpits
include control system software development in stdal
environment, using AD/DA 1/O control system hardejar
programming 1/O parts of control system, signalgessors
usage in control systems, as well as design teaksiq
testing and implementation of control systems safeausing
specialised hardware with signal processors.

Code Generation and Programming

Itis clearly seen from the above course descrigfi@t much
information presented to the students during lestur
concerns the code generation and other programissugs
as they are especially important for efficient cohsystems
programming. It is obvious that mainly these topies
including tools and methods used — should be tdaimkile
working with students during laboratory exercisesd a
projects accompanying the CSP lectures.
Software development in control
programming control systems,

systems,

its flexibility and

orimplementation may be checked
is a major task whileenvironment without absorbing and building measenmm

Obviously assembly language programming is target
hardware application specific and seeks thorougitgssor
knowledge from the programmer. It is generally agréhat

analysis ofn digital signal processing applications one uassembly

language for some parts of the software project.
There exist specific languages for signal processor

orientedwhich share some features possible to be foundhierehigh

level languages or assembly language. Usually such
languages offer the ease of development of coredifier

greater level when compared with assembly language
programming environments, and the resulting code
efficiency is much better that high level language
programming code efficiency. Such languages are not

lecturesiumerous and they obviously seek some standards.

There are available some code generation packages
which enable an automatic code generation for sgpeeific
processor hardware platforms. There exist someguskof
this kind e.g. for digital signal processors fronM$320
family. Such packages enable the designer to corateron
the control system design leaving the processdriterture
specific issues to the built—in development pacKegéures.

There are many control system design and simulation
packages available, including most popular MATLAB /
SIMULINK environment. Such packages enable fast and
easy design of complicated control algorithms adl ae
excellent possibilities of control system performan
simulation and optimisation — thus greatly imprayithe
control system design and implementation phase.

There are available device simulators for seveigitad
signal processor devices that may be run on popular
hardware/software platforms. Such tools providel ful
simulation of the specific sighal processor indinrcset and
instruction timing. Full effects of control softwear
in such simulator

implementing control system in reality. Programneabl environment of the plant hardware.

control systems are incomparably flexible and emadsy
control software upgrade and maintenance. The @biFse
students at the Faculty of Automation, Electronensd
Computer Science are presented with detailed ceratidn
on the programming language and platform choicethay
should have a chance to check these suggestioimgdheir
self-laboratory-work. The information on these &suwhich
is transferred to students, is summarized belovn pdrts
concerning different software tools groups.

It is obvious that using high
languages — especially highly acclaimed C languasjeould
result in less effort in developing control systsaftware —
especially in the debugging phase. High level laggs are
well known and usually easy to use and coming witbt of
additional software tools enhancing the
development process. However, such languages soenat
optimised with respect to the code efficiency, sign
processing tasks, and application size. Time-afiteignal
processing applications may suffer
inefficiency.

Assembly language is the best tool from the efficie
of the resulting code point of view. It is comman dode
some part of the algorithm in assembly languaga é&vene
uses high level language as basic programming @mvient.
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from such code

Laboratory Exercises and Project Work

Typical project exercises accompanying the Corggatems

Programming lecture concern the control system gdesi
using the MATLAB environment, control software
generation in MATLAB as well as C/C++ programming
languages, implementation of control algorithms the

hardware environment including signal processor,
programming 1/O subsystem services using specihlise

level programming AD/DA hardware as well as standard PC communication

ports.

The students are also obliged to work on the set of
laboratory exercises which are integral part of @Gentrol
Systems Programming course. Typically there araitabix

softwarespecific laboratory exercises topics of the follogvkind:

e peripheral devices = communication algorithms
programming in computer systems;
e testing numerical stabilty and efficiency of

identification and control algorithms in C/C++ larage

implementation;

e control system design and simulation using object
oriented techniques and C++ language;

« control system design using MATLAB environment;
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e continuous and discrete time control systems sitiaunla
using MATLAB/Simulink environment;

e design and software implementation in microcomputer

control system using TMS320C31 signal processor.

It is clear again that laboratory and project wodeds
quite substantial programming skills from studemtsluding
control systems programming in languages of C/Cirtl.k

ADAPTIVE CONTROL COURSE OVERVIEW

The other course that was clearly affected by thenges in

based on step and pulse responses of the plantuatod
tuning and adaptive versions of PID controllers
Second main part of Adaptive Control lecture conser
identification and estimation schemes and algorsthithe
topics covered during lectures include recursivénmegion
algorithms in adaptive control systems, forgettifagtor
choice in recursive estimation schemes, numeriagigrties
of recursive estimation algorithms, stability of aptive
control systems with various estimation schemesyelsas
convergence of recursive estimation algorithms daptive
systems.

There are also additional and non-obligatory pafts

programming tools and methods concerned Adap“vé\dapnve Control course which include lectures and

Control. This course is offered to electrical emgiring
students specialising in computer control systemweall as
to special group of Macrofaculty students with @uium
composed of chosen courses from automation andicsbo
electronics and telecommunication and computernseie
fields.

Lecture Contents

exercises on continuous time model based adaptiaéat
systems, fuzzy logic based design and synthesioofrol
systems, fuzzy adaptive control design schemes and
applications., evolutionary optimisation algorithras tools

for identification and choice of structure in adeptcontrol
systems and multivariable adaptive control systems
multivariable models of control system plant and
multivariable plant model identification.

The course on Adaptive Control [2] concerns in itScoyrse Objective and Essence

introductory part such topics from the adaptivetoarfield

as process control system tuning and adaptive @osystem
classification. Next, the students learn some bagies of
adaptive control including model reference adaptiwatrol
systems, adaptive control systems with programnheaiges
of the controller parameters and adaptive contysltesns
with system model identification.

Stability and minimum-phase properties of the aigapt
control system plant are covered next as well abilgy,
convergence and robustness related requirementthen
adaptive control system. Direct and indirect adegptiontrol
systems are defined and analysed as well as trafusigtion
and predictive model of the plant in adaptive gyste
Identification and parameter estimation in adapteatrol
systems are taught as next step and transfer dumnetnd
predictive model identification options are anatise

Important part of the lectures concerns stochastidels
of disturbances in adaptive control systems as \asll
deterministic disturbances - including represeatatf such
disturbances, disturbance model, deterministicudisince
types, disturbance rejection possibilities and othe

The lecture includes also extensive coverage oanyo
system simulation topics, including simulation exipent as
a tool for adaptive control system analysis andtissgis.
Adaptive control system performance indices evanais
also covered.

There are two main parts of the Adaptive Controtuse
and the firs of them concerns the control algorghumsed in

The main objective of the Adaptive Control courseto
provide the students with basic and advanced krdyee
concerning theory, analysis and synthesis of adapntrol
systems. During the course the students shouldl@gtke
skills concerning the methods of theoretical analyeand
synthesis of adaptive control systems as well asskills of
building and using computer simulation packages for
analysing the behaviour of such complicated corgystems.

It is well known that analysis and synthesis ofmila
control systems is a difficult task [3]. Usuallygémeers think
about implementing adaptive control when the planbe
controlled or its environment is nonstationary, ethialso
means that it is very difficult to analyse from thentrol
theory point of view. Other situation that leads ttoe
adaptive control system is the nonlinearity of toatrolled
plant and set-point changes — which is rather gifiat once
again complicates considerably analysis and syisthes
such systems because of their nonlinearity.

In addition to the bad news above one should utelets
that in adaptive control system there are two gsoop
changing elements — signal values and controllearpaters,
and because these elements appear in productmastaall
models of such systems, this makes such systeraseintty
nonlinear, i.e. difficult for analysis from the doal theory
point of view. Unfortunately this is not everythingne
should also remember that there is an importantitgdua
adaptive control systems with respect to contrek tand

adaptive control systems. The lectures from thist pa corresponding performance index and the identibcatask

introduce to the students pole placement adaptoral

systems, pole-zero placement adaptive control syste
reconsider model reference adaptive systems ancrildes
various versions of famous - and difficult — adegpti

with its own performance index. The two tasks amdides
are not separate and it is not easy to solve thetim &t the
same time.

The above remarks were put in order to justify the

minimum variance control systems. The other adeptivimportance and usefulness of simulation methodstler

control algorithms discussed during AC lecture uel long
range predictive adaptive systems, MAC and GPC plesn
of predictive control algorithms, adaptive contsystems
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synthesis of adaptive control systems and analgbists
properties. It seems especially reasonable to wsera
system simulation tools for adaptive control systeas we
lack clear and sure procedures for adjusting adajgibntrol
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schemes parameters and criteria that would guaanteniversities. At present many university teacheesemager to
stability of such systems and convergence of egticha use multimedia tools and modern education concejits
parameters. This means that engineers implementindpeir courses. The Java platform is especially ulsehile
adaptive control systems and students attendingdagtive  considering the modernization of engineering edoanat
Control course should be accustomed to the dynaysiems lectures and laboratory exercises because it emaidiang
simulation problem and software used for this task. applets for easy Internet based teaching with Byste

It should be also realized that control system &timn  simulation examples and because it is capable ddnmeing
— both in the continuous time and discrete time @os— is  serious calculation in reasonable time, which ismany
a difficult task and should include very carefulote of cases necessary while talking about engineeringagidun
numerical methods, programming languages and sudtwatopics examples, especially with respect to corggatems
development platforms. Also, the identification andsimulation and system identification.
estimation algorithms used in the adaptive conggatems Java language offers full-featured, general purposd
are quite complicated pieces of software that hay@ovide  object orient programming environment which makepbd
the rest of the system with the best possible esésnof candidate for replacing the basic computer programgm
model parameters very fast and with the best plessiblanguage in engineering education — replacing €/@++
numerical properties. languages. Many students like to learn Java becalisige

It should be also noted that many adaptive controlanguage popularity, connections with web prograngnand
systems are implemented and simulated in the fofm ausually better prospects of finding job after stadyin the
discrete time systems — because of the choiceeotdntrol  programmers’ sector. Unfortunately, the numerical
algorithm. In many cases it may be advantageousséoin  efficiency of Java language is not among the higbess,
such case as small sampling interval as possibis. well  the code is also in a way superfluous becauseeoktiong
known that too small sampling interval may causgbf@ms object oriented character of the language, and tome
in real adaptive control system implementation bigo even the basic operations need looking for clageeside of
during simulation, therefore special transforms amaddels the main Java package. These and similar reasoise that
are sometimes used and such aspects should beclsted while talking about control system  simulation,
in the possibilities of programming language andtfpfm  implementation of specialized estimation schemesl an
choice. testing features of advanced adaptive control @lyos
during laboratory exercises and projects the Jdatfopm

Laboratory Exercises Topics does not seem to be the most suitable one.

There are typically twelve laboratory exercises himit When the Computer Control Systems students at SUT
Adaptive Control course that demand from studentsire supposed to develop program within courses amir@l
programming work on the following group of topics: Systems Programming and Adaptive Control they Ugual

« choice of structure of adaptive control systemswant to use environments and languages of Rapid
sampling period, measurement devices and actuatofspplication Development type. The reason is simjphey
representation in simulation experiments; can ‘rapidly” get an application that is runningasha

+ comparison of adaptive predictive control algorighm Professional look and is typically capable of proidg
minimum variance control algorithms and pole/zerocomplex and eye-catching plots. In many cases ingilthe
placement controllers; computer program interface, dialogue layer andgimadion

« choice of structure and parameters in adaptiverobnt oriented elements is easier than implementing cexnpl
systems with open loop unstable and/or@lgorithm concerning estimation and control aldorit as

nonminimumphase plants; well as dynamic system simulation. On the otherdhins
«  numerical properties of recursive estimation atons ~ Perfectly possible to spend really much time orhswork —
in adaptive control systems: extending and enhancing the simulation programrfente,

even using excellent Builder-, Delphi-, Visual-like
programming environments. Unfortunately this letmghe
control results for various estimation algorithmsda result that the students feel that they workedtaoto their
parameters: program but from the point of view of control or

. advanced MATLAB/Simulink based design and identification system simulation the program ideitpoor in

; : : features, or full of bugs or both.
simulation of adaptive control systems. ' o= . .
P 4 The other possibility with respect to the choice of

software for courses on Control Systems Programmnoing
Adaptive Control is to use the widely known MATLAB
software with many excellent toolboxes, includinge t
famous Simulink for dynamic systems simulationislalso
possible to look for software with possibly lesattees but
free for academic use, like Scilab. Such systenres liae
libraries of high-level routines that make prograimgn
considerably easier. In fact students can verykdyibuild

« synthesis of adaptive control system for nonstatipn
plant with typical static nonlinearities — comparisof

Again — as with CSP course — it is clear that labmy
exercises accompanying Adaptive Control courseutest
need a lot of nontrivial programming from students.

CHANGING TOOLS AND METHODS

The success of Java language and Java platforrathirg

with wide usage of Internet technologies and enriear . ;
. . . running programs and dynamic systems models that ar
concepts in education, changed the practice ofhiegc really gad?/ar?ced from thg point 3:, view of the syste

programming languages and system simulation in many
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complexity and amount of numeric calculation inealv The
problem is that when using such systems the stadinnot
work on the implementation of modern control
estimation algorithm and dynamic system simulathort
rather on the organization of calculation on thesibaof
existing software blocks. This is of course uséfule want
the students to build software for testing conceptscerning
control and estimation algorithms, but it is leseful if we
want them to better understand these algorithmso,Abhen
students implement software with such integrategh hével
systems it is usually more difficult for them tandi and
understand the source of any odd behaviour of it.

The teacher has also to decide if the laboratoeyaises
accompanying the course on Control Systems Progiiagnm
or Adaptive Control should be more like project wavith
some software development or should it be onlyuege of
closed software for performing experiments and digw
conclusions. In the latter case the students aresuqposed
to master their programming skills in order to anptish
their work on control and estimation concepts. Om dther
hand, also due to the growing international exckanf
students between SUT and other European univexsttie
engineering education model at the Faculty of Auwttom,
Electronics and Computer Science, SUT, includesenamd
more project work, also in the form of sequences
laboratory exercises, in order to make the educatioser to
the one typical for other European countries. Tloeeethe
question of choosing the programming

algorithms into reliable and useful software? Thehar's
opinion is that we have to be aware of threats his t

andeducation objective resulting also — paradoxicalfyom the

development of programming languages and platforiilee
Java, RAD systems and MATLAB/Simulink software.
The paper surely does not concern the threatshtnag
to appear in all technical universities. The ohjextof the
paper is rather to point out the other face of modand
otherwise extremely useful software tools and systesed
in engineering education. It is maybe the questibrthe
level of understanding of theory and algorithms lengented
in such tools — by the technical universities gedds. If a
teacher asks the student how to calculate theafotbte first
order polynomial and the answer is that the meibdd use
MATLAB, then something is wrong almost for sure.
Similarly, it seems obvious that the university dyrate
should be able to calculate the scalar product esftors
without software tools of such kind. For more coexplasks
the answer is more difficult but it seems obviohattin a
vast majority of cases the student should undedshanv the
new tools work — in order to be able to interprhe t
experiments results, to diagnose possible sourfcesstakes
and to build similar tools. The possible answethet we —
the teachers — have to teach our students not tivdy

oflgorithms and software tools for accompanying aded

calculation, but also the proper attitude towardshstools.
The students have to know not only how to use sootern

language antbols technically but also to understand that stacis’ role

platform is becoming more and more important foe th is not to replace the part of the student brainé-tais is our,

competencies achieved by students attending therd@on
Systems Programming and Adaptive Control courses.

CONCLUSIONS

The author concerned the problem related to theeour

trends in teaching programming languages in teethnic

universities and the models of running laboratoxgreises
and projects for courses from the control and eston
algorithms and systems topical
presented in the paper results mainly from teackmgses
on Control Systems Programming and Adaptive Contool
Computer Control Systems specialization students.

The author presented the typical contents of lestand
laboratory exercises concerning the mentioned esyrand
argued that the choice of programming platform skitls in
low-level programming of control and estimationalthms
were crucial for the good understanding of the seur
contents by students. Unfortunately, recently thdents are

area. The experiengg]

the teachers, task and responsibility.
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in many cases worse prepared for developing softwar

concerning control and estimation systems simutatio

numerical methods and optimization methods — they a

more interested and better educated in web-progmagym
building interfaces and Internet database systdfnshe
students are supposed to build control and estmati
systems they do this using high-level
environments, which does not imply that they kndwe t
theory behind the implemented algorithm sufficigntell.
The net result of the facts stated in the papethés
following question: are we currently able to teatie

libraries and

engineering students how to transform concepts and
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