WELCOME
from the MMAR 2007 Organizing Committee

| would like to cordially invite you to Szczecin, Poland for the 13th IEEE IFAC
International Conference on Methods and Models in Automation and Robotics.
Over 270 draft papers have been submitted, from which the International Program
Committee has selected 200 papers for presentation. As before also this year's
Conference is organized under the auspices of the IEEE Robotics & Automation
Society, the IEEE Control Systems Society, the IFAC Technical Committee on
Robotics and the IFAC Technical Committee on Nonlinear Control Systems. And
as usual it is sponsored by the Automation and Robotics Committee and the
Metrology and Instrumentation Committee of the Polish Academy of Sciences.
This year the Conference has a Media Sponsorship held by Control Engineeering
Poland.

The Conference will begin on Monday morning, 27 August 2007. Each day of
the Conference will start with plenary sessions with lectures given by distinguished
scientists, and further 15 papers will be presented in 2 invited sessions organized
by very active researches from various countries. All other papers will be
presented in up to four parallel regular sessions. Also one poster session will take
place.

I hope that our Conference will give the participants the opportunity to present
the progress of their research work and to discuss related problems of current and
mutual interest.

| also hope that the Conference social program — including the Conference
banquet, the touristic program and the get-together party — will guarantee you
unforgettable time in Szczecin.

I wish you a pleasant stay in Szczecin and many fruitful meetings and
discussions.

Prof. Zbigniew Emirsaj ow

Chairman of the MMAR 2007 Organizing Committee
Institute of Control Engineering

Szczecin University of Technology
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OBJECTIVES

The objective of the Conference is to
bring together scientists and engineers
to present and discuss recent develop-
ments in automation and robotics, to
access the current status of research
and technology, and to focus on future
prospects and possible new directions
in this active area of science.

This Conference is the 13th in a series
which started in 1994.

VENUE AND DATES

The Conference will be held at the
Radisson SAS Hotel in Szczecin, from
Monday, 27 August till Thursday, 30
August 2007.

The Conference registration desk in
Radisson SAS Hotel will be opened on
the afternoon of Sunday, 26 August and
during each day of the Conference.

The Conference will start on Monday,
27 August at 8:45 a.m.

PRESENTATION FACILITIES
Overhead and slide projectors, as well
as Personal Computers (with Microsoft
Windows operating system) together
with video projectors will be available
for all sessions.

Time allotted for presentation of papers
is about 20 minutes (inclusive of
discussion time).

The language of the Conference will
be English.



LIST OF SESSIONS

Plenary sessions

P-1

P-2

P-3

P-4

J. C. Willems (Belgium)
A New Look at Observers

J. W. Grizzle (USA)
An Analytical Perspective on the Control of Bipedal Robot Locomotion

E. Rogers (UK)
Iterative Learning Control - Algorithms, Robustness and Experimental Benchmarking

A. wierniak (Poland)
Understanding and combating cancer - control theoretic approach

Invited sessions

IS1

I1S2

Optimization of Infinite Dimensional Systems
Organized by: Prof. Jan Soko owski and Prof. Adam Kowalewski

Sliding mode control
Organized by: Prof. Andrzej Bartoszewicz and Prof. Dan Selisteanu

Regular sessions

AC Adaptive Control R2 Mobile Robot Design and
Al Artificial Intelligence Control

C Computing R3 Walking Robots

CE Control Engineering R4 gggzm;n?ﬂ;ggml of
cT Control Theory R5 Kinematics and Trajectory
DS Discrete Systems Planning of Mobile Robots
FD Fault Detection R6 Various Applications of

I Identification g;stztriﬁsand Multiagent
MS Modelling and Simulation RC Robot Control

oP Optimization Sch Scheduling and

PC Predictive Control Manufacturing Systems
Poster session ST Stability and Stabilization
R1 Dynamics and Control of

Cooperative Manipulators



TIME TABLE

Monday, 27 ™ August, 2007

. Concerto |, Il Norwid | Norwid Il Reymont
Time
Room Room Room Room
8:45 -9:00 Opening
Address
9:00 - 10:00 Plenary
Session P-1
J.C. Willems
Chair: T. Kaczorek
10:00 - 11:00| Dynamics and Adaptive Control Identification Robot Control
Control of Robot AC | RC
Manipulators Chairs: Chairs: Chairs: V. Filipovic,
R4 H. Aschemann, K. Janiszowski, S. Alcantara
Chairs: K. Tcho , G.R. Rokni Lamooki D. Filatova
L. Celentano
11:00 - 11:30 Coffee break
11:30 - 13:10| Dynamics and Adaptive Control Identification Artificial
Control of Robot AC I Intelligence
Manipulators Chairs: Chairs: Al
R4 H. Aschemann, K. Janiszowski, Chairs: M. Zerikat,
Chairs: K. Tcho , G.R. Rokni Lamooki D. Filatova A. Walaszek-
L. Celentano Babiszewska
13:10 - 14:40 Lunch
14:40 — 16:00 Dynamics and Control Theory Control
Control of CT Engineering
Coo_perative Chairs: E. Rogers, CE
Manipulators A. Bartoszewicz Chairs: G. Baluta,
R1 R. mierzchalski
Chairs: M.J. Sadigh,
K. Stachera
16:00 — 16:30 Coffee break
16:30 — 18:10 Dynamics and Control Theory Control
Control of CT Engineering
Cooperative Chairs: E. Rogers, CE
Manipulators A. Bartoszewicz Chairs: G. Baluta,
R1 R. mierzchalski
Chairs: M.J. Sadigh,
K. Stachera
18:10 -
Conference Banquet




Tuesday, 28 ™ August, 2007

. Concerto I, Il Norwid | Norwid Il Reymont
Time
Room Room Room Room
9:00 - 10:00 Plenary
Session P-2
J.W. Grizzle
Chair: K. Koz owski
10:00 - 11:00 | Optimization of Various Modelling and Robot Control
Infinite Applications of Simulation RC
Dimensional Robo.tlc and MS Chairs: V. Filipovic,
Systems Multiagent Chairs: J. Ho ubiec, C. Pedret
IS]. SyStemS P Duenov
Chairs: R6
A. Kowalewski, Chairs: G. Adam,
J. Soko owski V. Katschinski
11:00 - 11:30 Coffee break
11:30 - 13:10| Optimization of Various Modelling and Artificial
Infinite Applications of Simulation Intelligence
Dimensional Robotic and MS Al
Systems Multiagent Chairs: J. Ho ubiec, | Chairs: J.M. Ramos,
IS1 Systems P. Duenov A. Walaszek-
Chairs: R6 Babiszewska
A. Kowalewski, Chairs: G. Adam,
J. Soko owski V. Katschinski
13:10 - 14:40 Lunch
14:40 - 16:00 Computing Identification Modelling and Poster
C | Simulation Session
Chairs: S. Ba ka, Chairs: F.L. Grilo, MS Chair: Z. Emirsaj ow
Z. Zwierzewicz P. Kulczycki Chairs: M. Krawczak,
M.A. Gutierrez
de Anda
16:00 - 17:30
17:30 - Touristic program
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Wednesday, 29 ™ August, 2007

. Concerto I, Il Norwid | Norwid I Reymont
Time
Room Room Room Room
9:00 - 10:00 Plenary
Session P-3
E. Rogers
Chair: J.C. Willems
10:00 - 11:00 Sliding mode Optimization Kinematics and Discrete Systems
control oP Trajectory DS
1S2 Chairs: D. Popescu, |Planning of Mobile | cpairs: A, Krolikowski,
Chairs: M. Mahjoob Robots E. Roszkowska
A. Bartoszewicz, R5
D. Selisteanu Chairs: L. Banjanovi -
Mehmedovi ,
|. Batista
11:00 - 11:30 Coffee break
11:30 - 13:10 Sliding mode Optimization Kinematics and Discrete Systems
control oP Trajectory DS
1S2 Chairs: D. Popescu, Planning of Mobile Chairs: A. Kroélikowski,
Chairs: M. Mahjoob Robots E. Roszkowska
A. Barto_szewicz, R5
D. Seliseanu Chairs: L. Banjanovi -
Mehmedovi ,
|. Batista
13:10 - 14:40 Lunch
14:40 — 16:00 Predictive Identification Kinematics and
Control | Trajectory
pC Chairs: K. Latawiec, qunn'ng of
Chairs: J. Z. Sasiadek, Y. Zigangirova Mobile Robots
Z. Kowalczuk RS
Chairs: C. Maple,
J.C. Rosete
Fonseca
16:00 — 16:30 Coffee break
16:30 — 18:10 Predictive Stability and Walking Robots Fault Detection
Control Stabilization R3 FD
PC ST Chairs: E. Jezierski, Chairs: J. Korbicz,
Chairs: Chairs: T. Kaczorek, T. Toshinobu D.A. Koshaev
J.Z. Sasiadek, E. Petre
Z. Kowalczuk
19:00 -
Get-together Party
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Thursday, 30 ™ August, 2007

. Concerto I, Il Norwid | Norwid I Reymont
Time
Room Room Room Room
9:00 - 10:00 Plenary
Session P-4
A. wierniak
Chair: B. Gordon
10:00 - 11:00 Modelling and Mobile Robot Optimization Scheduling and
Simulation Design and oP Manufacturing
MS Control Chairs: A. ochowski, Systems
Chairs: E. Rogers, R2 N. Bizdoaca Sch
J. Szpytko Chairs: R. Sorbello, Chairs: A. Janiak,
G. Obinata H.T. Kim
11:00-11:30 Coffee break
11:30-13:10 Modelling and Mobile Robot Optimization Scheduling and
Simulation Design and oP Manufacturing
MS Control Chairs: A. ochowski, Systems
Chairs: E. Rogers, R2 N. Bizdoaca Sch
J. Szpytko Chairs: R. Sorbello, Chairs: A. Janiak,
G. Obinata H.T. Kim
13:10 - 14:40 Lunch
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TECHNICAL PROGRAM

Monday, August 27th, 2007
Opening Address
Casino Room, 8:45 - 9:00

Monday, 27th August, 2007
Plenary, PL-Willems: A New Look at Observers

Concerto I, Il Room, 9:00 - 10:00

Chairs: T. Kaczorek

Paper PL-Willems: A New Look at Observers
J. C. Willems

Monday, 27th August, 2007
Regular, R4: Dynamics and Control of Robot Manipulators

Concerto I, Il Room, 10:00 - 11:00
Chairs: K. Tcho , L. Celentano

Paper 0189: Pyrobotics managing the family of heterogeneous rob ots
G. Granosik, K. Sasiak

I. INTRODUCTION

This paper presents the educational project of
integrated PC software to control heterogenous
robots. The aim of this project is to provide a tool
for simulation and testing robot's control
algorithms. The basic idea was to control a group
of robots from a computer using a high level
programming language. We needed: programming
environment — easy to use, preferably object
oriented, communication media — getting rid of
wires, which are very limiting, hardware -
abstraction layer, no need of knowing how to
communicate with robot's sensors, easy access
through variables.

. CONTROLLER DESIGN

We found PyRo - the open source design of
controllers and simulators for robots, which
motivated us to build our own managing software [1]. What we liked the most in PyRo is
the possibility to address many problems of control algorithms in a unified way. You can
completely forget about the hardware specific issues of your project and concentrate on
creating a program matching your expectancies. You can define the environment, in which

13

Fig. 1. Bluetooth communication
modules based on Baracoda WML 20



the robot exists, specify its peripherals and choose a "brain". It seemed ideal solution for
our robots of various kinds.

Then we present our solution for _
. . . . Master - running on
wireless  communication  with a desktop computer
robots from our laboratory, and p— Slave - running in
protocol employed in developed written in Pythan a robot's controller
software. We used Smart Modules
WML 20 from BaraCOda tO bUI|d l Microcontroller
H H loral implementin e ith sl i d t |
our own transceivers (see Fig. 1) S e ion S d methods
et . o+ > implementation
fitting to various robots [2].
Regarding an abstraction layer we l l
came up with a special master- e e e
slave protocol, invisible to the end l S
user (see Fig. 2). The computer is
| Python interpreter |
the master and all the robots are
slaves. Only the master is able to

send commands, the slaves are
just allowed to answer. There are Fig. 2. Structure of our universal controller

three types of services available:

* methods, which can be called by the master, they can take arguments;

» read-only variables, which can be changed by the slave only;

» writable variables, which can be changed both, by the slave, or by the master.

Our application consists of two parts: the protocol library and the GUI. It can act both as
master and slave (for test purposes) and in addition it generates C header files which are
used in programming the robot’'s microcontrollers.

REFERENCES

[1] http://pyrorobotics.org

[2] Specifications Baracoda SmartModule BT1.2 WML 19&20, Feb. 2005.

Paper 0130: Comparison of Robot Neutral Models Obtained by Lear ning
Methods with Improving Generalization Technique
A. Lesewed, J. Kurek
Keywords : Puma 560 robot, dynamic model, improving generalization method

Dynamic mathematical model of robot with number degree of freedom can be
presented in discrete time model based on Lagrange-Euler equation as follows:

y(k+)=2y(k)- Mk ) T MUYBE DoX kDt Bk )k

The model is well known but it is very difficult to find parameters of the model: inertia
momentums, masses, etc, for real robot. Manufactures usually don’t provide such data to
the users. For this reason, we try to identify model of robot based on the sequence of robot
inputs and outputs (torque and joint position). Since the model is highly nonlinear, we had
to use the neural network technique to approximate the parameters of robot model.
However, advantage of the neural model is very fast calculation of the model parameters.
This enables us to apply a very short sampling time in real time applications.

The feedforward neural network has been structured to calculate unknown model
parameters. Then, we have applied different learning methods to train the net. The
designed network and proposed learning methods with improving generalization technique
are given in the paper.

Next, we used the neural net to calculate the parameters of robot Puma 560. For
learning data we have used inputs and outputs to the robot obtained during computer
simulation. We have done a number of learning trials. Every learning trial started with

14



random initial conditions. The obtained results for different learning methods are presented
in the paper.

From the obtained results, it was clear that it is possible to build a neural model based
only on robot input and output signals. Proposed different learning methods enable us to
select the proper learning method for the given neural network. Fortunately, using some
learning methods with improving generalization technique would improve the obtained
results and increase the reliability of the given structure of the neural network.

Paper 0159: Improvement of Inertia Matrix in Robot Model Identi  fied with
Neural Networks

J. Mo aryn, J. E. Kurek

Keywords : robot dynamics, neural network applications

The paper presents the method of improvement of an inertia matrix modeled with the
neural network model of robot. The proposed method of regularization is based on the
Cholesky decomposition of an estimated inertia matrix.

Recently, there has been research done to find a reliable identification method of the
robot mathematical model and its parameters. There is a growing interest in the use of
neural networks for robot model identification. Their advantages are approximation of the
multivariable nonlinear functions, easy adaptation of the model parameters and very rapid
calculation of the model equations, which are important for their potential usefulness in a
robot control system. Designing neural networks does not require an exact knowledge of
the functions that describe the model, but only values of model variables. Moreover the
structure of a neural network can resemble the model of the robot and identify the
elements in the Lagrange-Euler equation.

However the structure of neural networks does not satisfy the very strict conditions that
characterize the Lagrange-Euler model of robot. The most important property is positive
definiteness of an identified inertia matrix. It was shown that for neural network models of
the robot there exists a problem of sudden decrease in accuracy when one tries to use a
proposed neural network model for position estimation. One of the possible sources is a
loss of positive definiteness of the identified inertia matrix. Therefore we propose a method
of improvement of an inertia matrix identified with neural networks by changing to some
extent its diagonal elements in order to obtain positive definiteness. The changes in values
are estimated using Cholesky decomposition conditions.

The obtained results from simulations of six degree of freedom robot PUMA 560 before
and after regularization show that the proposed method assures meeting the positive
definiteness condition (Sylvester criterion) and significantly increases accuracy of the
position estimation with the presented neural network model.

Monday, 27th August, 2007
Regular, AC: Adaptive Control

Norwid | Room, 10:00 - 11:00
Chairs: H. Aschemann, G.R. Rokni Lamooki

Paper 0094: Analysis of Single-Wedge Bifurcation In Adaptive Pa  rtially
Stabilized Non-Deterministic Strict Feedback Form
G.R. Rokni Lamooki

This paper focuses on the class of non-deterministic adaptively partially stabilizable
systems. The systems under consideration are autonomous. One drawback of adaptive
systems without persistence of excitation is the possibility of single-wedge bifurcation,

15



where for a large region of parameters (including the unknown parameters) the limit
system is unstable while the corresponding equilibrium attracts a nonempty interior subset
of initial conditions. This paper proves that such situation is not the case for the considered
form of systems. We first present the concept of strict feedback form for partially
stabilizable systems and then discuss its adaptive stabilization. We consider a three
dimensional system with one stabilizing variable, one destabilizing variable, one unknown
parameter, and a scalar controller. We will focus on its four-dimensional adaptive partially
stabilized closed-loop system, and then present some notion of bifurcations. We utilize the
center manifold analysis to examine the existence of single-wedge bifurcation.

The occurrence of single-wedge bifurcation can be quite complicated. As mentioned
above, we have found that such bifurcation does not take place in the considered class of
systems. This may be the result of the assumption on vector fields involved in systems’
equations which are dominated by one of the components. This assumption may be
replaced with other assumptions, for example admissible nonlinear perturbation which
guarantees the asymptotic stability of the closed-loop system with respect to the given
variable by using a different technique. Then, the closed-loop system needs to be
examined against single-wedge bifurcation. In this paper, it is assumed that the state
feedback has linear part. Considering feedback without linear parts reveals the complete
figure of bifurcation analysis of the closed-loop system.

Paper 0128: On the Minimum Form of the Balance-Based Adaptive C  ontroller
J. Czeczot

This paper deals with the idea of the minimum form of the B-BAController. As every
control strategy that is based on the phenomenological model, the B-BAC methodology
provides the feedforward action by natural inclusion of the the disturbances in the control
law. This action usually ensures the improvement of the control properties but it also
requires a number of additional sensors that may significantly increase the costs of a
control application. In this paper, we show how to eliminate some of disturbing signals from
the B-BAController and, consequently, how to eliminate some sensors from the
application. Due to the compensating properties of the estimation procedure, the control
performance of the minimum form of the B-BAController is fully comparable with the
performance of the B-BAController that provides the complete feedforward action and thus
the suggested approach allows for decreasing the costs without any significant loss of the
control performance.

Paper 0169: Adaptive Skyhook Control of Semi-Active Vibration D amping
System
K. Plaza

The paper presents an adaptive skyhook algorithm for semi-active control systems. The
damping performance of such algorithm is tested in simulation, to be later implemented on
a magneto-rheological damping system built on a full-suspension mountain bicycle. The
model used in simulation is a quarter-car model omitting the description of the tire
dynamic, since it is significantly smaller comparing to the suspension dynamic character.
The skyhook algorithm constitutes the base for the adaptive scheme. The inverse model
needed for the skyhook algorithm is taken from identification experiments described by the
author in previous contributions. The heuristic model was designed in such way that it is
invertible. The skyhook parameter value is determined by the dominant frequency in the
disturbance, which can be measured. In practice this can be easily realized with the
available acceleration measurement of both wheels. In simulation an experiment is carried
out for different sinusoidal excitations and different skyhook parameters values. The

16



damping quality is determined by an index constituting of maximal acceleration and mass
position value. The minimal value of the calculated index is related to the value of the
skyhook parameter and the dominant disturbance frequency. In this contribution the
dominant frequency extraction algorithm is only suggested. The information about that
frequency is calculated a’priori only to test the performance of gain scheduling for the
skyhook algorithm. The results are compared with skyhook algorithms with constant values
of skyhook parameters. The skyhook performance is also confronted with the situation
where constant values of control voltage are used. In semi-active systems with MR
dampers this will correspond to a situation where a passive damper is used. However, the
character of damping will still be nonlinear due to the hysteresis present in the damper.

Monday, 27th August, 2007
Regular, I: Identification

Norwid Il Room, 10:00 - 11:00

Chairs: K. Janiszowski, D. Filatova

Paper 0244: System Identification and Robust Controller Design for Pool
Type Research Reactor
S.H. Qaiser, A.l Bhatti, M. Igbal, Javed Qadir
Keywords : Nuclear reactor control, process identification, robust process control

A robust controller using H loop shaping technique has been designed for regulating
thermal power of Pakistan Research Reactor 1 (PARR-1). The system model was acquired
experimentally by using different system identification techniques. The chirp sequence,
Pseudo Random Binary sequence (PRBS) and a newer duty cycle modulation techniques
were used for exciting the system for acquiring input/output data for model identification.
The input data was made and written to an ASCII file with the help of software. Another
program of the data acquisition and control software read this input file and move the
control rod in the desired sequence. The output was taken from linear power measuring
channel. The linear amplifier converts sensor output in voltage form, which was read and
written to another file by the control software. These input output data was later used to
identify the model with the help of system identification toolbox of matlab® software. The
linear model of the system was identified by using ARX method. The identified model was
used for robust controller synthesis using H loop shaping procedure. In this procedure
the open loop plant is augmented by pre and postcompensators to give a desired shape to
the singular values of open-loop frequency response. Then the resulting shaped plant is
robustly stabilized with respect to coprime factor uncertainty using H optimization. The
main advantage of this technique is that iterations are not required and explicit formulae
for corresponding controllers are available. The robustness of the controller was verified by
observing pulse type disturbance rejection capabilities. Controller behaved well against
these disturbances, thus confirming the robustness of the system. After model
identification and controller simulation, work is under progress for implementation of the
controller in actual plant.
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Paper 0221: Chaotic Behaviour in Different Hardware Implementat ions of
Active Noise Control System
M. I. Michalczyk, J. Figwer, K. Czy

It was shown that in simulation research as well as in real-world applications of
classical adaptive active noise control (ANC) systems, working with constant sampling
interval, their behavior characteristic for dynamical systems on the way to chaos can be
observed. For example, additional frequency components that are not present in the
attenuated disturbance can be generated or the error signal may pulsate in regular time
periods. The number of additional frequency components or the pulsation intensity is a
function of the adaptation algorithm parameter, i.e.: step size for LMS or forgetting factor
for RLS based adaptation algorithms. This phenomenon may be met in applications of
adaptive ANC techniques in radar, sonar, telecommunication and cryptography signal
processing. It radically limits convergence speed of classical adaptive ANC algorithms and
the corresponding noise reduction.

In the paper the nonuniform random signal sampling technique was proposed as a
solution to this problem. A new generation ANC system hardware implementation with
nonuniform signal sampling was shown to simplify dynamics of the controlled electro-
acoustic plant and increase the convergence speed of adaptive control algorithms. The
results of experiments discussed in the paper proved, that the nonuniform random signal
sampling technique may be also used as a tool that allows to reduce behavior of ANC
systems met on their way to chaos as well as to protect ANC systems against chaos. The
presented discussion was illustrated by results of real-world experiments.

Paper 0218: A New Approach to Frequency Response Identification
T. G 6wka, J. Figwer

In the paper a new frequency response identification method is proposed. The
proposed identification method is based on an iterative identification algorithm, in which a
single identification procedure is repeated several times. In each iteration the current
frequency response model is identified on the basis of the input and the estimate of output
signal (obtained with use of previous frequency response model). The output estimate in
first iteration is equal to the system output. The identification procedure may be based on
both: second- or higher-order spectra. In the case of errors-in-variables systems (e.g. in
feedforward and feedback control systems) the higher-order spectra-based identification
methods allows to obtain unbiased estimates in contrary to the classical (second-order)
methods. The disadvantage of the higher-order spectra-based methods is their higher
sensitivity on short length of data sequences, what causes that the variance of obtained
estimates is greater than variance of estimates coming from analogous identification with
use of classical spectral analysis - it is true if we consider the system in which both higher-
and second-order spectra-based methods give unbiased estimates. The proposed
approach allows to reduce the variance of the obtained frequency response estimates and
is an alternative to the classical approaches to the variance reduction, known from
literature, which are based on different types of smoothing in the time- or frequency-
domain. Properties of the proposed identification method were tested in different simulation
experiments. Presented results of open- and closed-loop systems identification show that
generally the variance of estimates reduces when number of iterations increases, although
results are strictly dependent on the parameter of smoothing of spectra that are used in
identification procedure. Additionally one of the higher-order spectra-based methods that
uses integrated bispectrum, i.e. integrated third-order spectrum, was briefly described in
the paper. It was also shown by results of simulation experiments that influence of
disturbances on estimates of closed-loop system is significantly reduced when
identification procedure is based on higher-order spectra.

18



Monday, 27th August, 2007
Regular, RC: Robot Control

Reymont Room, 10:00 - 11:00

Chairs: V. Filipovic, S. Alcantara

Paper 0058: A comparison Study of Induction Motor Position Cont rol using
Variable Structure versus PID Controller with Presc ribed Transient
Response

H. Zidan

Keywords : Variable Structure controller, prescribed transient response, position control, robustness

This paper demonstrates the effectiveness of variable structure controller with
prescribed transient response to control the position of the induction motor drives. Based
on the function augmented sliding hyper plane, we can guarantee the position tracking
error converges within a reasonable specified time interval. Superior performance of
variable structure controller is exhibited over a fixed gain PID-controller. Robustness of
variable structure controller against parameter variations and external disturbances is
confirmed. Finally, the control algorithm has been validated by both simulation and
experimental testing.

INTRODUCTION

Recently, there is a demand for high performance electric drives capable of accurately
achieving speed or position command. This necessarily leads to more sophisticated control
methods to deal with such issue. Special attention was directed to induction motors (IM)
because of known reasons such as smaller size, lower cost, higher efficiency, etc.

The variable structure controller (VS-controller) is designed for the system output to be
forced to stay on predetermined sliding surface. When the system is in the sliding mode,
the overall system shows the invariance property against parameter variations and
external disturbances as long as the bounds of these variations are known.

CONCLUSION

A comparison between fixed gain PID-controller and VS-controller with external load
variations is presented. Both simulation and experimental results verifies the robustness of
VS-controller against parameter variation and external disturbance (load).

Figure A, B bellow shows the effectiveness of VS-controller (A) in minimizing the effect
of parameter variations and external disturbances.

—— Pomlonermwi
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= o i = = ) =]

LA Position error using V3-controller. E. Position error using PID-controller,
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Paper 0086: Robust Switching Controller in the Presence of Mode I
Uncertainty and Saturation
V. Z. Filipovic

This paper considers the control of uncertain dynamic system in the presence of input
saturation. The uncertaintes satisfay the matching conditions. Robust controller is based
on combination of switching picewise linear LQ controllers (PLC) with prescribed degree of
stability. The associated switching surfaces heve the form of positively invariant sets and
yields relatively low-gain controller. On the other hand, in the LHG (low-and-high gain)
design a low gain feedback law is first design in such a way that the actuator does not
saturate in magnitude and closed loop system remains linear. After that using appropriate
Lyapunov function for the closed loop system, under this low gain feedback control law, the
linear high gain feedback lawis designed and added to the low gain feedback control.
Combination of LHG and PLC gives the robust controllers with the fast transience. The
performance of closed loop system can be further improved by forcing the control into
saturation. It is shown, using picewise quadratic Lyapunov function, that the uncertain
system can be exponentially stabilized with prescribed exponential rate.

Paper 0153: A Design Framework for Robust Two-Phase MPC Algorit  hms
with Fast on-line Model Selection
K. Sztyber, P. Tatjewski
Keywords : predictive control, robustness , stability

The paper presents a design framework for robust predictive controllers. The proposed
design method relies on switching between Model Predictive Control with fast on-line
model selection algorithm (MPC phase) and some kind of Robust Model Predictive Control
schema (RMPC phase). The model selection is performed in order to increase robustness
of MPC the phase and performance of the RMPC phase. The algorithm satisfies the
requirement that the selection steps should be performed very fast without significant
increase in computational demand. This is achieved by having a set of models
representing process uncertainty, which is defined as a convex hull of a number of given
vertex models, in linear state-space representation. It is assumed that the real plant
mapping may change even at every sampling instant, but all the time belongs to the
prescribed set of models. In the RMPC phase an example simple algorithm for robust MPC
is used. The algorithm presented in this paper can be considered as a computationally
efficient kind of a robust predictive control technique with fast model adaptation. After
algorithm description and analysis results of computer simulations are presented.

Monday, 27th August, 2007
Regular, R4: Dynamics and Control of Robot Manipulators

Concerto I, Il Room, 11:30 - 13:10
Chairs: K. Tcho , L. Celentano

Paper 0065: Control of Underactuated Robotic Manipulators: an E ndogenous
Configuration Space Approach
A. Ratajczak, K. Tcho

In the recent years an increasing attention has been paid to underactuated robotnic
systems. By the underactuated robotic systems we mean, the mechanical systems with
fewer independent control actuators than degrees of freedom to be controlled. The need
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for algorithms controlling those systems arises from e.g. the need to control such systems
like helicopters or hovercraft, or to keeping under control the fully actuates systems in the
case of actuator failure. The controlling of underactuated robots calls for more
sophisticated methods in comparison with the fully actuated robots.

This paper mainly focuses on the control of the underactuated robotic manipulator, i.e.
a manipulator that has one or more joints without the actuators. Such systems are called
manipulators with passive joints. In the contrary to the wheeled mobile robots, with first-
order nonholonomic constraints coming from the kinematics, the manipulators with passive
joints have the second-order nonholonomic constraints, resulting from nonintegrable
dynamic constraints.

In the paper we propose a new control algorithm for the underactuated manipulators,
that is able to drive the joints of those manipulators from an initial to a final position in a
prescribed time interval. We propose an extension to the underactuated manipulators of
the endogenous configuration space approach. This approach has been originally
dedicated to nonholonomic systems with Pfaffian constraints, but also proved to be
applicable to mobile robots whose kinematics assume the form of a control system with
drift. In the paper we have shown that our algorithm is also successfully applicable to
manipulators with passive joints.

By applying the robotic-oriented line of reasoning we use the inverse kinematics
algorithm within the continuation method to achieve the control goal. In the paper we have
introduced our control algorithm, in the form applicable to the underactuated manipulators
case. The simulations shows that this algorithm can be applied to various kind of
underactuated systems. We present a sample simulation of the control of the 2R
manipulator (planar double-pendulum manipulator with first joint actuated). The result of
the simulation shows the performance of the algorithm. The article is concluded with a
discussion on advantages and disadvantages of our approach. We have also provided a
comparison to other control algorithms for underactuated robotic systems.

Paper 0140: A Semi-Manual Master-Slave Algorithm for Control of Flexible
Micro-Macro Manipulators
M.J. Sadigh, A. Salehi, M. Keshmiri

Micro-Macro manipulators are considered as a solution for applications which needs
precise manipulation within a large work space. Such systems consists of two parts i.e. a
flexible large manipulator — Macro — and a rigid short manipulator — Micro. For two reasons
it is difficult to control such systems as a slave. First because of their rather complicated
configuration which makes it difficult for operator to manipulate the master, and second
because of flexibility of macro manipulator which prevents the slave to follow the typically
rigid master. To circumvent this problem, a method based on artificial constraint motion is
presented which can semi-manually control the system. To this end, operator controls the
macro manipulator by a macro-like master close to the desired path, and a close loop
computed-torque like controller which is designed based on constrained motion makes the
end-effector precisely track the desired path.

Paper 0100: Angular Domain Planners RRT: Efficient Exploration Algorithms
for Controlling the Sampling Domain
S. A. Ali, E. Vasselin, A. Faure
Keywords : Motion planning, RRT planners, narrow passages

The last decade, the Rapidly-exploring Random Trees (RRTs) have proved to be
successful in solving motion planning problems for robots with many degrees of freedom.
Despite their success the RRT based planners are less performing in situations where the
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robot has to move through difficult regions such narrow passages in the workspace. This is
mainly due to the uniformity of the sampling used in the RRT planners which places many
samples in large open regions and too few in tight passages. Recently a new sampling
scheme called the angular sampler was introduced to control the sampling domain of the
RRT planners in order to improve their performances. In this paper we present two motion
planning algorithms based upon the angular sampler strategy. The first algorithm is
dedicated for environment with a narrow passages area and the second algorithm is used
for environment that contains a large open regions. We made a comparison between these
two algorithms and the basic RRT planning algorithm over several chosen criterions. The
goal of this paper is to determine for a given environment the best algorithm to use.

Paper 0148: A Novel Approach for Spatial Robots Modeling and Si mulation
L. Celentano, R. lervolino
Keywords : spatial robots, modeling, simulation

In this paper a novel approach for spatial robot modeling and simulation is presented.
Such method uses the result for which the forward dynamics problem of a robot can be
solved, in a simple and efficient manner, by analytically or numerically computing the
inertia matrix and the potential energy gradient only. For spatial robots with generic shape
links, in a simple way, some theorems are formulated and proved and some algorithms are
provided. They allow efficiently computing, analytically or numerically, both the inertia
matrix and the gradient of the potential energy. Moreover, the efficiency of the proposed
method is compared to the efficiency of the Articulated-Body one.

Paper 0129: Three-Dimensional Robot Positioning System with Ste reo Vision
Guidance

Z. Kowalczuk, D. W sierski

Keywords : robots, system positioning, stereo vision, guidance, transformations, cameras

Industrial robots are used traditionally as ‘blind’ machines. Their manipulators usually
rely on a predictable pose of an object (position and orientation in 6 degrees of freedom,
6DOF), which is a target of gripping tasks, and which and can be located on palettes,
racks, etc. In practice such an object can easily deviate from its ideal nominal location, and
then the robot can miss or even crash into a part causing damages and downtime.

Conventionally, automated gripping relies on intricate mechanical and
electromechanical devices known as precision fixtures, which ensure that the part is
always at a programmed pose with respect to the robot. The design of such fixtures is
expensive, imposes design constraints, requires frequent maintenance, and has a reduced
flexibility.

Laser vision plays a vital role in 3D (three-dimensional) acquisition of parts. By painting
a part’s surface utilizing a laser beam (structured light) the laser triangulation sensor can
determine the depth and the orientation of the observed surface. Although such
measurements can be very precise, the use of lasers has several drawbacks, e.g. the
process of relating the features to ‘point cloud’ data, shadowing or occlusion, and
ergonomic issues when deployed in the proximity of human operators. Lasers require
expensive sophisticated interlock mechanisms and protective curtains, as well as the use
of goggles.

In the recent years, due to the rapidly evolving machine vision technology, vision
sensors are being used more frequently in three-dimensional robot positioning systems.
They become not only cheaper but also more effective and intelligent. They have also
greater re-usability than the precision fixtures. For instance, in the case of various parts on
one assembly line, an aggregate cost of separate fixtures is much higher.
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Motivated by the rising industrial demands for safe, cost-effective, versatile, precise and
automated gripping of rigid objects, which can deviate in 6DOF, we develop an analytical
3-point robot positioning system guided by stereo vision. We also propose a calibration
method which ensures a suitable repeatability of the entire system (x1 mm, degree).

The paper is organized as follows. In Section I, we briefly describe the camera model
used in the system, rigid transformations between Cartesian coordinate systems, and
some camera-pose estimation methods, which fall into two general categories within the
robot positioning systems. Then, in Section lll, we determine coordinate systems of our
positioning system, show how the features of the object are measured in 3D by their
projections onto stereo images, and derive mathematical equations for positioning the
robot based on the actual pose of the camera. Section IV describes the calibration method
including an error-minimization procedure using a genetic algorithm. Experimental results
are presented in Section V, in which the performance of measurements of the system is
validated on real image data. Finally, we summarize our work in Section VI.

Monday, 27th August, 2007
Regular, AC: Adaptive Control

Norwid | Room, 11:30 - 13:10
Chairs: H. Aschemann, G.R. Rokni Lamooki

Paper 0201: Nonlinear Adaptive Ship Track-Keeping Control Synth esis
Z. Zwierzewicz
Keywords : marine vehicle control, adaptive systems, intelligent control

The paper is concerned with the problem of adaptive ship track-keeping system control
synthesis. It is assumed that a nonlinear ship dynamics (model structure) is (partially)
unknown so it has to be reconstructed. To this end it has been proven that proportional
state feedback plus adaptation via functional approximators are able to assure its
asymptotic stability. This form of controller permits on-line compensation of unknown
model nonlinearities which leads to satisfactory tracking performance. An interesting
feature of the system is that the whole process control is performed without requisite
asymptotic convergence of approximator parameters to the postulated ‘true’ values. The
system’s performance, which has been tested via Matlab/Simulink simulations, confirms
the efficiency of the adopted solution technique.

Paper 0222: Adaptive Control For Nonstationary Electro-Acoustic Plant
K. Czy

The paper concerns the behavior of adaptive control algorithms in an active noise
control system with nonstationary electro-acoustic plant. It has been shown, that in some
conditions the filtered-x Least Mean Squares (Fx-LMS) algorithm can deal with
nonstationarities of electro-acoustic plant, but its performance is usually poor.

The tracking capabilities of Fx-LMS algorithm are mainly influenced by dynamical
properties of electro-acoustic plant and could be improved by modifying a control algorithm
and/or electro-acoustic plant properties. In the paper in order to accelerate control
algorithm convergence and improve tracking capabilities of the ANC system various
modifications of Fx-LMS algorithm were considered.

The results of experiments confirmed that algorithms characterised by faster
convergence than the Fx-LMS algorithm used to control stationary electro-acoustic plant
have also better tracking capabilities with nonstationary electro-acoustic plant. Additionally,
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some improvement in system performance is possible by omitting analogue antialiasing
filters and employing special nonuniform signal sampling technique to the control system. It
has been shown that all considered active noise control systems employing nonuniform
signal sampling assure faster convergence rate then the classical systems. On the other
hand, the maximal disturbance attenuation in such system is limited by significant random
errors introduced by signal processing algorithm. The results of real-world experiments
showed that application of modified Fx-LMS algorithm with nonuniform signal sampling is
beneficial in a real-world applications, it assures good disturbance attenuation and it is
robust on electro-acoustic plant changes.

Paper 0170: Input-State Linearization Through Feedback for Semi  -Active
Control
K. Plaza

The paper presents an input-state linearization algorithm with the use of Lie algebra for a
semi-active system. Although it is a known approach for linearization of nonlinear systems
it has not been used for semi-active plants. The considered model incorporates a
magneto-rheological damper, which is placed in a full-suspension bicycle. The model
behavior is approximated by a quarter-car model omitting the description of the tire
dynamic, since it is significantly smaller comparing to the suspension dynamic character.
The model of the damper has been obtained through identification experiments. The
structure was of heuristic nature. The model was constructed in such way that the input-
state linearization could be performed. The problem with the semi-active systems
linearization lies in the fact that no matter how the linearization is performed the device will
always remain partly nonlinear due to the fact, that the energy can be only dissipated by it.
However, it is worth to experiment with the linearization of semi-active devices, since it
might simplify controller design. The paper presents the input-state linearization scheme,
leading to a linear canonical form. With the control signal saturation included the
linearization is not global. Nevertheless an algorithm based on pole placement idea is used
to check how such system will damp the vibrations. The gains used to weight the state
errors are varied to determine the best pair, which minimizes the chosen performance
index. The obtained results are compared with skyhook algorithm. It is shown that even
though linearization is not global and will never be, such simple algorithm performs better
from skyhook algorithm.

Paper 0190: Adaptive Control of Object Grasping by Manipulators ,
Considering Slippage in End-Effector
S. Hadian Jazi, M. Keshmiri, F. Sheikholeslam, M.J. Sadigh

In this paper, we address the problem of adaptive control of a robot manipulator
grasping an object, considering slippage in the end-effector. First we present a new
approach to analyze system dynamics. Then we propose a controller that ensures the
asymptotic convergence of object position to its desired value and slippage velocity to
zero. Next due to advantage of the new dynamical model, we propose a simple update law
to compensate uncertainties. We show analytically and numerically that the adaptive
controller enforces the object asymptotically to converge to the desired trajectory and
estimates good bounded values for unknown parameters while it reduces undesired
slippage velocity to zero.
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Paper 0119: Methods of Identification of Elementary Bilinear Ti me Series
E. Bieli ska

The aim of this work is to present the way of identification of elementary bilinear
models. The elementary bilinear models may be applied in simulation and modeling of a
wide class of stochastic processes as well as in signal prediction and control. Data
sequences generated by the models are characterized by unselected and unexpected
growth of individual values that are not outliers. The elementary bilinear model is a
function of two parameters only: model’'s coefficient and the variance of the model’s
input. The magnitude and the frequency of peaks in generated data set depend on the
model's parameters. In the paper, two groups of methods dedicated to elementary bilinear
models identification are discussed:

1. methods that originate from the minimization of the squared prediction error such as:

- minimization of the sum of squares of the prediction errors,

- maximum likelihood,

- repeated residuum method;

2. moments' methods.

The procedures for identification of elementary bilinear models with the use of
moments' method and generalized moments' method are proposed, and obtained results
of the different identification methods applied to the elementary bilinear models are
compared.

The obtained results may be summarized as follows:

1. Not every invertible elementary bilinear process is identifiable.

2. Correct identification results were obtained for processes, for which parameters
were related as follows:

3. For moments method can be observed that when number of process realization,
for which elementary bilinear model cannot be identified grows with the growth of

4. When all the tested methods give the expected values of identified parameters
equal to the proper ones.

5. Generalized moments method is a little better than other considered methods,
because the variances of the estimated parameters are the smallest.

6. For the processes with Gaussian excitation the variances of the identified
parameters are greater than for the processes with uniform distribution of the input signal.

Paper 0083: The Semiparametric Identification Method of Fractio nal

Brownian Motion
D. Filatova, M. Grzywaczewski

Paper presents a method for estimating the Hurst parameter of stochastic process
driven by fractional Brownian motion (fBm). The main idea is connected with
semiparametric estimation of fBm spectral density and next comparison with theoretical
one. To verify this methodology basic ideas of generation the fBm sample paths with
different Hurst parameter values are presented. Method is compared with rescaled range
analysis and average variance methods. Methods effectiveness is analyzed through Monte
Carlo simulations. Numerical study proved the effectiveness of the methodology. This
method can be used in low- and high-pass filters, on financial markets etc.
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Paper 0117: PExSim — a Package for Simulation and Investigation of
Complex Dynamic Systems
K. Janiszowski, P. Wnuk

Software simulation of dynamic systems is common used technique for investigation of
system behavior in different operation conditions. All modern SCADA systems have some
tools for modeling of dynamic blocks, but they are usually adapted to a platform used by
system and are not standard. Other widely used approach to simulation are professional
(and expensive) tools packages like SimulationX. A user can built a system from blocks,
e.g. electro-pneumatic flow valves, pipes, cylinders filled with air of variable temperature,
etc. ignoring their nature (ordinary differential equations: linear, non-linear or partial) and
run experiment. Results of simulation reveal different phenomena like e.g. parasitic
oscillations, dead time in response and many others, but a necessity of solving a problem
with predefined accuracy is in conflict with possibility of real time operation.

Other approach, common used in academic institutions, is presented by a general
purpose system e.g. Matlab pack-age, for simulation of simple dynamic systems. This
software is based on assumption, that system dynamics is well known or can be replaced
by a form resulted from data processing with Process Identification. This package can be
even used for control of system in real time with RTI-toolbox. A simulation kernel of
Simulink includes a set of different lin-ear and nonlinear static and dynamic blocks in form
of transients functions of different nature. User has to define its pa-rameters and put them
together for performing simulation. This approach — creating all possible effects from basic
com-ponents — demands a definition of primary blocks with very simple and original nature.
This yields uncomfortable effect — a construction of one more complex phenomenon or
functional component, like e.g. non-linear friction force induces elaborated block diagram
and demand many effort of the user.

Aim of authors was to develop a package, that can be used for emulation of complex
dynamic systems, composed of predefined dynamic blocks or corresponding multivariable
models (estimated with own procedures), can cooperate in real time with industrial
environment and will be easy and flexible to extension by the user writing its own plugin
ob-jects. The package, called PExSim (Process Explorer and Simulator) is written in C++
and has a form of user friendly software with different options. The paper presents most
important features of this package like:

» generation, transformation or introduction of signals of different nature,

* modeling of dynamics containing different forms; predefined linear SISO dynamic
components, state space equa-tions in linear and nonlinear form, fuzzy linear models and
predefined shell models of pneumatic, hydraulic and elec-tric components and controllers
algorithms,

e controlling of simulation run by different operators like switches, minmax tags,
alarms, logic and fuzzy logic opera-tors,

» development of complex structures in form of sub-paths with distinguished input and
output nodes,

e minimization of defined indices for optimal fitting eg. controllers parameters, model
parameters, etc.

» introduction of external inputs or exporting outputs via CCOM ports for cooperation
in real time with environment,

» visualization or recording of simulation effects in form of multi-input plots or XY
displays,

» introduction of own written plugins with freeware shell structure.

The package features are presented at discussion of fast prototyping approach to a
problem of development a drive algo-rithm for a prototype of high speed injection machine
developed by European ICON-HSIM consortium within RD project. The work the package
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Paper 0262: Two-Layered Heating Control System — Influence of W  eather
Conditions
S. Ogonowski

Heating, Ventilating, and Air Conditioning (HVAC) systems has reached its maturity in
the control world-wide literature. HVAC systems assures sensations close to thermal
comfort providing not only heating but also cooling, forced and controlled ventilation as well
as humidity control in the building. The main problem is however the cost of installation of
all necessary equipment and maintenance of the system. It is also difficult to install HYAC
system in a building that was not designed to receive it because of the bulky air ducts
required. The interesting question is if it is possible to assure similar thermal conditions
and fuel consumption with a standard heating system by designing more complex control
strategies. Instead of ventilating and air conditioning two-layered control system is
proposed. Upper layer compensates weather conditions changes and optimizes fuel
consumption by changing parameters of the lower layer controller. Lower layer controls
indoor temperature.

While the weather conditions cause the most important disturbances influencing the
heating system and thermal comfort it becomes the most important to examine this
influence to establish the control system structure. As it was shown in the literature thermal
sensations depend basically on temperature, but also on many others environmental
parameters such as e.g. humidity or air pressure and movements. However, using the
PMV factor and assuming some simplifications described in the paper it is possible to
determine thermal comfort measuring indoor temperature and humidity.

The paper describes special wireless measurement system which measured chosen
weather conditions and thermal comfort parameters. Results presented in the paper were
obtained during two-months monitoring of typical heating control system. The system
measured over 20 indoor and outdoor temperatures, 7 binary signals describing state of
the heating system, outdoor and indoor humidity, air pressure, wind speed and direction
and precipitation.

Work presented in the paper focuses on finding a method to determine how weather
conditions influence the fuel consumption (in existing heating system) and indoor thermal
comfort. The main goal was not to find the model itself, but to decide which weather
parameters has to be measured in the control system to lower the fuel consumption and
keep the thermal comfort. The paper present different methods and compares results. The
main conclusion is the set of measurements as well as the structure of the two-layered
heating control system.

Paper 0219: Pressure System for Scanning and Reading Identifica  tion Codes
from Thermoluminescence Dosimeters
J. Baczy ski, M. Baczy ski

The simple low-cost pressure device for scanning and processing identification marks
plotted on radiation thermoluminescence dosimeters is presented. The device is dedicated
to use it in the automatic readers of the dosimeters. The pressure scanner of the ID codes
of the dosimeters can be used in radiation readers because it does not use the light and it
is resistance on high temperature. The basic advantage of the proposed pressure method
is the possibility to read out the marks plotted on the dosimeters prepared exactly the
same way as the dosimeters dedicated to the scanning by the classical photo technique
with the photo-interrupters. The possibility of the photo reading out of the ID codes is
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essential since many standard readers use the photo technique with the photo-interrupters
and moreover the photo technique is often useful during manufacturing operations of the
dosimeters.

The applied 20-bit way of coding of the dosimeters allows for distinguish of the
individual 1D codes for about one million dosimeters.

Monday, 27th August, 2007
Regular, Al: Artificial Intelligence

Reymont Room, 11:30 - 13:10
Chairs: M. Zerikat, A. Walaszek-Babiszewska

Paper 0075: Trim Controllers of an Underwater Vehicle Based on Artificial
Intelligence Methods

P. Szymak, J. Ma ecki

Keywords : Underwater vehicles, Artificial intelligence

During realization of various underwater works, an underwater vehicle is very often
used to transfer different loads, e.g. during realization of anti-mine mission, remotely
operated vehicle called Ukwial is used to transfer a destructive charge. For the purpose of
a load transferring, an underwater robot’s manipulator is very often used. In this case a
disturbing trim change could be observed, because of negative influence of a load with
non-neutral buoyancy on an underwater vehicle movement.

In this paper, an architecture and results of simulation research of different kinds of trim
controllers were presented. For the purpose of trim control, classical controllers PID tuned
with the assistance of classical and artificial intelligence methods and fuzzy controller
tuned with the assistance of artificial neural network were examined.

Paper 0088: A Survey on AFAR, FLC, FSMC, MCFSMC as Variable Str ucture
Controllers and GQFT as a Fixed Structure Controlle r
R. Esmaeilzadeh, M. Amjadi

This paper compares Fuzzy Logic Controller (FLC), Fuzzy Sliding Mode Controller
(FSMC), Multi Criteria Fuzzy Sliding Mode Controller (MCFSMC), Adaptive Fuzzy
Attraction Region (AFAR) as different types of robust Fuzzy based controllers with
Generalized Quantitative Feedback Theory (GQFT) as an efficient robust fixed structure
controller, on MIMO nonlinear systems whose inputs and outputs are differentiable with
respect to uncertain parameters of system. Then, an application of all algorithms for a
MIMO nonlinear manipulator is presented. To demonstrate the advantages of both
methods vast simulations and mathematical criteria for different inputs having parameter
uncertainties are considered. The obtained results show the efficiency of all methods
beside their disadvantages in comparison to each other.

Paper 0090: Design and Implementation of a Hybrid Fuzzy Control ler for a
High-Performance Induction Motor

M. Zerikat, S. Chekroun

Keywords : fuzzy controller, high-performance, induction motor, intelligent control, robustness

This paper proposes an effective algorithm approach to hybrid control systems
combining fuzzy logic and conventional control techniques of controlling the speed of
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induction motor assumed to operate in high-performance drives environment. The
introducing of fuzzy logic in the control systems helps to achieve good dynamical
response, disturbance rejection and low sensibility to parameter variations and external
influences. The main preference of the fuzzy logic is that it is easy to implement and that it
has the ability of generalisation.. This approach provides an effective mean for describing
systems which are too complex or too ill-defined to admit a precise mathematical model.
Some fundamentals of the fuzzy logic control are preliminary illustrated. The developed
control algorithm is robust, efficient and simple. It also assures precise trajectory tracking
with the prescribed dynamics. Experimental results have shown excellent tracking
performance of the proposed control system, and have convincingly demonstrated the
validity and the usefulness of the hybrid fuzzy-PI controller in high-performance drives with
parameter and load uncertainties. Satisfactory performance was observed for most
reference tracks. The results are promising and further studied on similar schemes will be
carried out. .Satisfactory performance was observed for most reference tracks.

Paper 0156: Fuzzy Stabilization of Fuzzy Control Systems
M. M. Elkhatib, D. J. Hamilton, J. J. Soraghan

Stability analysis of fuzzy system is a problem that is faced in a wide variety of
applications. Currently there is no straight forward stability proof for fuzzy logic systems.
The aim of the present paper is to represent a practical approach to stabilize fuzzy
systems based on adaptive nonlinear feedback. This is done using a fuzzy stabilizer in the
feedback path of the system. The fuzzy stabilizer is tuned such that its nonlinearity lies in a
bounded sector results from the Circle Criterion theory. The Sugeno type fuzzy system is
used in the fuzzy stabilizer and moreover it is shown that the fuzzy stabilizer can be
integrated, with small modifications, in any fuzzy controller to enhance its stability.

Paper 0171: Construction of Fuzzy Models Using Probability Meas ures of

Fuzzy Events
A. Walaszek- Babiszewska

The paper deals with the relational fuzzy models with the proposed weights of the rules.
The structure of a MISO fuzzy model is predefined at the beginning of the task. The
probability of fuzzy events, in a sense of Zadeh'’s definition, has been used to formulate a
probability distribution of the input and output linguistic variables. The set of data, collected
at the real, probabilistic in his nature, system is a base for computing empirical probability
distributions of fuzzy events in antecedents and consequents of the rules. Marginal
probabilities of linguistic values of input variables are the weights of file rules. Conditional
probabilities of linguistic values of the output variable are the weights in the consequence
of elementary rules.

The inference procedures are proposed, for the crisp values if input variables:

» Starting with the fuzzy outputs obtained from elementary rules, the corresponding
crisp values are calculated by using one of the known defuzzyfication methods. Then, the
crisp output of the file rule and the global crisp output are calculated by using appropriate
weights of the model.

» Using the fuzzy outputs obtained from elementary rules and weights of the rules,
the global fuzzy output is creating as an effect of aggregation. Then output crisp value of
the model is computed by one of the defuzzyfication methods.

The proposed method of the fuzzy model construction and inference can be used for
real systems with uncertainty traditionally described in statistical and stochastic categories.
In the proposed rule based fuzzy models two types of information can be used and
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prepared: human experts’ knowledge and numerical information explored from
experimental data.

Monday, 27th August, 2007
Regular, R1: Dynamics and Control of Cooperative Manipulators

Norwid Il Room, 14:40 - 16:00
Chairs: M.J. Sadigh, K. Stachera

Paper 0105: Optimal Design of a Parallel Manipulator for Use in a High-Speed
Sewing Machine
M. Nefzi, M. Riedel, B. Corves

In this paper, we investigate the optimal design problem of a parallel manipulator with
five degrees of freedom that will be used in a high-speed stitching unit as a guidance
mechanism for a novel sewing head. Starting from the requirements list of the task, we
determine the kinematic performances of the manipulator that have to be improved in order
to obtain an appropriate design. Then, we derive real valued functions that quantify to what
extent each requirement is satisfied or violated. Once the derived functions can be
evaluated numerically, we present a formulation of the optimal design problem able to
provide many design solutions that satisfy all demands of the requirements list. The
optimization is then performed by using the software MATLAB. Finally, we give graphical
representations of the prescribed requirements and the obtained ones. The generation of
different solutions enables the designer to make slight modifications of the design or to
take into account other requirements at further stages of the design process, such as
manufacturing capabilities, available actuators on the market, costs etc... and to select the
best appropriate design solution according to the task. The proposed stitching unit can be
used to assemble fibre composites for the aerospace, automotive, rail vehicles and
shipbuilding industry.

Paper 0213: Optimal Trajectory Planning for a Cooperative Manip  ulator with
Flexible Joints
H. Homaei, M. Keshmiri, J. Sadigh

The optimal path planning for two cooperating manipulators with flexible joints carrying
a solid object on a prescribed tip trajectory has been studied using kinematic resolution.
The formulation has been derived using Pontryagin Minimum Principle which results in a
Two Point Boundary Value Problem (TPBVP). The problem has been solved for globally
minimized elastic deformation of flexible joints while the end effector moves along the
specified path. The problem has been also solved for minimization of joints velocity along
the entire path and the results are compared.

Paper 0151: Simultaneous Calculation of the Direct Dynamics of the Elastic
Parallel Manipulators
K. Stachera, W. Schumacher
Keywords : elastic parallel manipulators, dynamics calculation, parallel processing, Jacobian matrix

This article presents a new method for the calculation of the direct dynamics of the
parallel elastic manipulators. For the derivation of this new method the Lagrange-
D’Alembert formulation is used. This formulation will be extendend by the consideration of
the elasticities. In addition to this, the new method for the derivation of the Jacobian matrix
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of the elastic parallel manipulator will be presented. The structure of this new algorithm
breaks down the dynamics’ equations into many small groups and permits the calculations
to be processed in parallel. This accelerates the computations of the direct dynamics
equations and at the same time allows them to be formulated in small terms, which is a
strong advantage for their analysis and calculation. It is shown that the methods for the
modelling of the dynamics of the serial kinematic chains can be used for the modelling of
the dynamics of the parallel manipulators without major modifications. Finally, this new
processing method will be compared with the standard method of Lagrange-D’Alembert
formulation on the example of a planar elastic parallel manipulator - FIVE-BAR.

Paper 0196: Continuous Sliding Surfaces versus Classical Contro | Concepts
on Parallel Robots
F. Wobbe, M. Kolbus, W. Schumacher

Robot structures based on closed kinematic chains have proven to be a promising
alternative to those based on serial chains. The feature of many of these so called parallel
kinematic structures to allow for the drives to be fixed in the base is especially of great
interest for the design of robots for high speed handling and assembly tasks. It enables a
design with low moved masses allowing for high accelerations. Shorter cycle times can
thus be achieved. Due to the non-linearities of the manipulators, a model-based control
architecture is essential to ensure precise trajectory tracking.

This paper presents different motion control concepts on parallel robots. Starting from
cascade control, based on exact feedback linearization, improvements to control laws
using disturbance observers are derived. Finally, control via continuous sliding surfaces is
presented. Their efficiency is compared with respect to trajectory tracking. Control
schemes are implemented on a planar parallel manipulator for performance evaluation of
high dynamic operation. Modelling is carried out in a schematic way guaranteeing
manipulator-independent results.

For evaluation of controller performance two different criteria are used: Concerning
tracking error, a time-integral of absolute tracking error is used. It is defined for each axis in
Cartesian coordinates and gives a benchmark of in-time execution of trajectory. Secondly,
a position-integral of absolute Cartesian distortion is defined for benchmarking path-
accuracy in operational space. Representing absolute size of distortion-areas it indicates
accuracy of the endeffector path with respect to the trajectory.

Monday, 27th August, 2007
Regular, CT: Control Theory

Norwid | Room, 14:40 - 16:00

Chairs: E. Rogers, A. Bartoszewicz

Paper 0114: Controllability and Observability of Fractional Ord er Discrete

State-space Systems
A. Dzieli ski, D. Sierociuk

In the paper some results on the controllability, reachability and observability of
fractional order systems are presented. The authors deal with the fractional-order state
space system. The definitions of the notions of controllability, reachability and observability
for such models are proposed first. Then, the necessary and sufficient conditions for
reachability nad observability are given and proven. Several forms of the conditions are
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formulated. Further the sufficient only conditions for controllability are proposed too.
Several forms of these conditions are also given. All conditions are illustrated with
numerical examples.

Paper 0076: Iterative-Interpolation Algorithms for L2 Model Red uction

W. Krajewski, U. Viaro

Keywords : Linear systems, model reduction, output-error minimization, L norm, Krylov subspaces, Arnoldi's
algorithm

Linear time-invariant models are often used to describe phenomena in both physical
and economic contexts because many tools are available for their study. However, when
the system complexity or dimension is high, the number of state variables may be too large
for simulation and control purposes, and it is mandatory to approximate the original high-
order model by means of a lower-order one.

Many approaches to model reduction have been proposed over the past decades.
Among the most popular ones, we can mention the Pade-like methods leading to the
retention of some Markov parameters and time moments, the aggregation techniques
retaining some modes of the original system, the Hankel-norm optimization methods, the
techniques based on principal component analysis and balanced realizations, and the
methods aiming at the retention of suitable first-order information indices (Markov
parameters or time moments) and second-order information indices (impulse-response
powers).

This paper is concerned with the construction of reduced-order models of high-
dimensional linear systems in such a way that the L norm of the impulse-response error is
minimized. Two convergent algorithms that draw on previous procedures presented by the
same authors, are suggested: one refers to s-domain representations, the other to time-
domain state-space representations. The algorithms are based on an iterative scheme
that, at any step, satisfies some interpolation constraints deriving from the optimality
conditions. To make the algorithms suitable to the reduction of very large--scale systems,
resort is made to Krylov subspaces and Arnoldi's method. The performance of the
reduction algorithms is tested on two benchmark examples.

Paper 0110: Representations of Solutions for Linear Nonstationa ry
Differential-Algebraic Systems with Delays
Z. Zaczkiewicz, V. M. Marchenko
Keywords : differential-algebraic systems, nonstationary, representation

The paper deals with the problem of representation of solutions of linear nonstationary
differential-algebraic systems with delays and the dual systems. For such solutions, we
present integral representations by solving boundary-value problems of corresponding
dual systems. The formula is very similar to the well-known Cauchy formula in the linear
system theory. The results obtained are detailed for the case of stationary systems.

Paper 0274: New Results in Control Zeros vs. Transmission Zeros for LTI
MIMO Systems
W. P. Hunek, K. J. Latawiec, R. Stanis awski

This paper reviews new results on control zeros vs. transmission zeros for nonsquare
LTI MIMO systems under MVC-like control. New MVC-related inverses of the ‘numerator’
polynomial matrix in the input-output description of a system are recalled in order to show
the origin of generation of disastrous control zeros. Also, a new MVC design method is
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recalled, involving pole-free inverses of the numerator polynomial matrix and contributing
to favorable elimination of control zeros in case the system has no transmission zeros.
Finally, we introduce a new simple method for pole-free MVC design (when the system has
no transmission zeros). The method can also be used in case the system possesses
transmission zeros. We show how the theory of control zeros is complementary to the
Davison’s theory of minimum phase systems, that is based on transmission/invariant
Zeros.

Monday, 27th August, 2007
Regular, CE: Control Engineering

Reymont Room, 14:40 - 16:00
Chairs: G. Baluta, R. mierzchalski

Paper 0071: A Driver's Seat Controlled in Real-time by Semiacti  ve Algorithms
K. Ko ek, M. Ros6, A. Turnau

Semiactive, real-time controls of driver's seat vibrations are concerned. A
magnetorheological (MR) fluid damper controlled via its coil current is applied. Two
different damping 1-DOF control policies are introduced. They are expressed by filtered
on-off and continuous semiactive control algorithms constructed to reduce the seat
acceleration. The algorithms are implemented in MATLAB/Simulink equipped with the
RTW and RTWT toolboxes. The driver's seat close- loop damped vibrations are
experimentally compared to the open-loop vibrations to demonstrate effectiveness of the
developed controllers.

Paper 0080: Remote Control Laboratory Development for Electrica | Drive
Systems

Gh. Baluta, C. Lazar

Keywords : Remote Control Laboratory, SCADA, Electrical Drives, Engineering Educations, Distance Learning

In this paper, a remote control laboratory for electrical drive systems is presented. The
laboratory allows the students to develop network based control systems using an
architecture based on /O devices, communication modules and server-client application
implemented with Lookout and LabVIEW environment facilities and to operate on real
electrical drive systems through intranet and Internet. The intranet is the local computer
network of the Department of Power Electronics and Electrical Drives from “Gh. Asachi”
Technical University of lasi. The electrical drive systems distribution is realized using a
Networked Control System (NCS) architecture, which implements both configurations:
direct structure and hierarchical structure.

The NCS in the direct structure is composed of a computer of the intranet, called
HMI/Lookout that achieves the local communications with the process using Ethernet
protocols. The remote electrical drive system, a D.C. servomotor, is connected with the
communication module able to transfer data from/to I/O device to/from HMI/SCADA
computer via a communication system. The communication module and 1/0O devices are
implemented with National Instruments modules, FP1600 (Ethernet) for communication
and, respectively, Dual-Channel Modules for I/O devices. The Lookout environment has
been chosen to implement HMI/SCADA application.

Hierarchical structure is composed of a computer of the intranet, called HMI/LabVIEW
with a PCI motion controller board and I/O devices. The motion controller board allows the
real time control of a mechanical system motion using electrical drives with stepper
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servomotors or brushless D.C. servomotors. The LabVIEW environment has been chosen
to implement HMI/SCADA application.

This paper presents three examples to illustrate the manipulation of instruments and
real devices for low power electrical drives education on the Web. The first two exemplify
the laboratory works dedicated to control a D.C. electrical drives system and a stepper
servomotor electrical drives system. The last example is devoted to the project work where
the students learn to build their own HMI/SCADA applications for controlling various setups
in the laboratory. Three examples were presented demonstrating the potentiality of the
networked control system laboratory to remotely control the electrical drive systems and to
develop new network based control system structure.

Paper 0089: Design of Ship’s Precise Control System using Nonli near
Control

J. Ma ecki

Keywords : Precise control, Autopilot, Nonlinear control

The main goal of precise control in ships is to maintain the marine vessel in a fixed
position and heading in the horizontal plane or/and to follow a predetermined track by
means of the ship propulsion system. These systems are usually installed on advanced
vessels such as cable-layers, drilling vessels and offshore supply vessels. At present time,
it is common to use ships with these systems on board to accomplish missions as the
inspection of coastal and off-shore structures, cable maintenance, and hydrographical
surveys. In the military field they are employed in such tasks as surveillance, intelligence
gathering, torpedo recovery and mine countermeasures. Usually these ship’s precise
systems are controlled manually with the joystick by a pilot - operator or automatically by
means of a dedicated computer control system. Automatic control precise system of ships
is a difficult and a complex problem due to their nonlinear dynamics of course. Moreover,
usually the dynamics of ship can change according to the alteration of configuration to be
suited to the mission. The most of implemented control systems are based on both
classical and modern techniques like PID-control, linear quadratic optimal and stochastic
control, H -control methods, fuzzy control systems, neural networks and nonlinear control
theory. Practical experiences show that one of the most important tasks in designing of the
control system is to apply fast and simply algorithm of precise control. It is mainly
connected with a limited power of board computers. Therefore the main objective of the
current paper is to present a usage of nonlinear algorithm to steering of the ship along the
desired trajectory in the 2-dimensional space.

The paper consists of the five sections. Brief descriptions of the precise controlled
ship’s with dynamical and kinematical equations of motion are presented in Section 2. The
next section describes proposed control laws and a structure of the precise control system.
Section 4 provides some results of the simulation study and selected conclusions are given
in Section 5.

Paper 0127: Experimental Verification of the B-BAC Methodology in the
Application to the Control of the Electric Flow Hea  ter
J. Czeczot, P. aszczyk, M. Metzger

This paper presents the results of the experimental verification of the B-BAC
methodology in the comparison with the conventional Pl controller. Both controllers have
been tested in the application to the control of the electric flow heater that is a part of the
laboratory pilot plant of the heat distribution and exchange. The control goal is to keep the
outlet fluid temperature at the desired set-point in the presence of the disturbances
changes by manipulating the power supply. Perfect modeling is not necessary due to the
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adaptability of our methodology that results from the on-line estimation of the unknown
parameter representing all modeling uncertainties. The results prove not only that the B-
BAController can be successfully applied in the practice but also that it ensures better
disturbance rejection.
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Chairs: M.J. Sadigh, K. Stachera

Paper 0138: A Direct Algorithm to Compute Switching Curve for T ime
Optimal Motion of Cooperative Multi-Manipulators Mo ving on Specified Path
M.J. Sadigh, M. H. Ghasemi, M. Keshmiri

For more than two decades it is known that the time optimal problem for a manipulator
along specified path is a bang-bang in term of acceleration along the path and the
switching points can be found by phase plane analysis. Despite great advancements, no
direct method is still available for finding switching points and constructing switching curve.
All proposed methods are based on search algorithms, in which, one has to:

-Search the whole phase plane to establish the boundary of non feasible area in which
end effector can not follow the path.

-Find the critical points by numerical calculation of the slope of the non- feasible
boundary.

This paper is concerned with developing a direct method to find the critical points and
construction of switching curve for cooperative multi manipulator systems. To this end, a
rigorous study of the characteristics of the critical points and the switching curve is
presented and based on that a direct algorithm is introduced.

Paper 0139: Coordinated Minimum Time Motion of a Cooperative Mu |ti
Manipulator System along a Specified Path with Inte  rnal Force Limit
M. H. Ghasemi, M.J. Sadigh, M. Keshmiri

Coordinated control of multi manipulator systems is a challenging problem. The
difficulty is due to redundancy of actuators which if not employed properly may cause
unwanted force generation in manipulators as well as the payload. This problem can get
worse during a minimum time motion, in which the actuators are to move the end effector
on the path as fast as possible. This paper is concerned with problem of moving the end
effector of a cooperative multi manipulator system along a specified path while internal
force/moment in payload is limited to a certain amount. To this end, an improved time
optimal algorithm based on phase plane analysis is presented which accounts for the limits
of internal forces of payload as inequality constraints for time optimal motion.

Paper 0102: On the Workspace of a 2 DOF Mini Parallel Robot
S. Stan, V. M tie ,R.B lan

The knowledge of the workspace of a 2 DOF mini parallel robots is very important in
planning a dextrous manipulation task. In this paper, we propose an approach to compute
and visualize the workspace of a 2 DOF mini parallel robots. Planar parallel robots are
good candidates for microminiaturization into a microdevice. The workspace is one of the
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most important kinematic properties of robots, even by practical viewpoint because of its
impact on robot design. A program was created in MATLAB for workspace analysis of 2
DOF parallel robots. Singular configurations are also obtained.

Paper 0280: Efficient Position-Force Control with Active Enviro nment for
Industrial Manipulators - A Study of the Method
R. Osypiuk, L. Tarasiejski

In the paper a novel approach to position-force control for industrial manipulators is
presented. The main difficulties encountered here are associated with high stiffness of the
kinematic chain and high stiffness variability of the environment, with which the
manipulator tip comes into contact. To cope with the mentioned difficulties, sophisticated
control systems highly robust to the variability of process parameters are usually
employed. The proposed approach, contrastingly, is based on controlled environment
stiffness, and provides amazingly good robustness to environment stiffness variability. It
should be emphasized that the idea is accomplished by a standard control structure. The
concept has been tested on a real manipulator with a platform driven by a manipulator
position dependent feedback.

Paper 0232: The Robotic 3-D Digitizer - Tool to Define the Map  of Obstacles

in Workspace
M. Baczy ski, J. Baczy ski

The paper describes a laboratory robotic system prepared to define the map of
obstacles in workspace. There is a common need to describe objects and store their
positions and dimensions in the database. This process is called “digitizing the
environment”. Described application fastens the process of measuring and defining the
positions of different shapes that have to be avoided during regular robot operations. After
the proper map has been prepared, in the teleoperations when human guides robot, the
system does not let the manipulator hit obstacles even the operator intends to do it. The
database which stores information about obstacles is Microsoft Access Database. The
sever software works between database and other client applications. Thanks to such a
solution many different kinds of applications have easy access to the information in the
same time without data inconsistency problems. The client applications communicate with
database server using specially prepared protocol — Obstacles Query Language. The
solution is very flexible and extendable. The future applications can use the data stored in
the database without knowledge about the structure of data — the universal Obstacles
Query Language is enough to get all details of digitized environment. The described
method of creating database — by showing points with robot can be applied to prepare the
digital map of obstacles in absolute global Cartesian coordinates frame or some local
frames based on devices like camera or laser scanner. To examine the effectiveness the
system has been used as teleoperator. The digitized environment has been useful to
improve the navigation of the commercial IRp-6 robot. The manipulator has been
employed as the teleoperator system for applications in hazardous environment operations
such as handling of radioactive or chemical materials.
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Paper 0147: Positive Partial Realization for 2D Linear Systems
T. Kaczorek

A positive partial realization problem for 2D linear systems is addressed and solved.
Sufficient conditions for the existence of a solution to the problem are established. A
procedure for computation of a positive 2D realization for a given finite sequence of values
of impulse response is proposed and illustrated by a numerical example.

Paper 0160: Estimation of Multiple Trajectories in Asynchronous Distributed
Tracking Systems

Z. Kowalczuk, M. Dom alski

Keywords : estimation theory, Kalman algorithms, data fusion, asynchronous measurement

This paper considers the problem of tracking using an asynchronous distributed multi-
sensor system. In such a system the trajectories of moving objects are estimated by a
group of local estimators. Each local estimator utilizes a JPDA filter and data from a single
source to compute local trajectories of multiple objects. Typically, data sources work
asynchronously and provide measurements in different time moments independent of each
other. Computed trajectories are send to a central processor, which performs data fusion,
i.e. combines trajectories from multiple local estimators so as to obtain possibly best
estimates of the kinematic states of the objects. In this paper a multi-sensor tracking
algorithm for estimation of multiple trajectories is presented.

The main goal of tracking systems is to detect and estimate trajectories of objects
moving in a space of interest (surveillance region). A trajectory is a sequence of estimates
of the object kinematic state, i.e. its position, velocity, etc. Classical tracking systems are
based on a Kalman filter utilizing data from a single data source, radar, sonar, imaging
sensor, etc. Nevertheless, the precision and robustness of state estimation based on one
sensor can appear unacceptable. In such cases multiple data sources are worth
considering. This gives rise to the issue of data fusion, associated with the question of how
to optimally utilize data from multiple sources.

From amongst different methods existing for multi-sensor tracking, two basic
architectures based on distributed and centralized processing can be distinguished.

The centralized approach consists in sending all measurements from sensors to a
center, where the measurements are directly utilized in evaluating state estimates of the
objects observed. Such estimation (with distributed measurements), being theoretically
optimal, has a major drawback: its implementation can be difficult due to numerous
constraints, e.g. on communication channels. Moreover, because of possible
implementation differences between sensors it is difficult to utilize an existing infrastructure
in building a new centralized system.

In the distributed approach each sensor has its own processor that uses local
measurements to evaluate local state estimates of the objects observed. Compressed
information, i.e., basic local estimation data comprised of the local state estimates and
their covariances, obtained from such processors are sent to a central processor in order
to contribute to a fused state estimate. The main advantages of the distributed approach lie
in the availability of local estimates and the possibility of using different object models in
each local processor. Moreover, because the data passed between the local processors
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and the central processor are of the same type (state estimates), it is easy to utilize an
existing infrastructure to compose a new estimation system and to include new local
processors in an existing system.

Joint Probabilistic Data Association (JPDA) filter is an efficient method for estimating
trajectories of multiple moving objects in a common space in the presence of false
detections utilizing data from a single source. The main idea behind this approach is to
generate and evaluate all possible measurements-to-trajectories associations in cases of
ambiguous situations. Next, utilizing properly calculated weights, these associations are
combined into a single non-ambiguous association.

Paper 0173: Quality Control of Semi-active Systems
Z. Ogonowski

Vibration damping in mechanical systems has attracted considerable interest in civil
engineering because of higher level of safety demands and performance request.
However, it becomes more and more difficult to cope with the problem due to tendency to
build slender structures which are sensitive to a dynamic load. Passive methods of
vibration damping have two limitations: the possibility of shaping of mechanical system
dynamic properties is often to little, and a change of system characteristics needs a
reconstruction of mechanical parts which is usually too expensive. Active methods
introduce to the system an external power source which allows for arbitral changes of the
system characteristics, however, active systems are also expensive and often extremely
difficult to be applied due to constructional constrains (weight, geometrical limits, etc.).

Semi-active control systems are the class for which energy is used to change the
mechanical properties of the device. The power needed for these operation is much lower
then in active systems and no external power source is needed. The control changes
certain characteristics or parameters of the device being a part of the mechanical system.
Semi-active systems are then similar to the passive ones but they assure flexibility i.e. they
allow for adaptation to different dynamic load or excitations. They are also fault tolerant in
control because damping device acts as the passive one if no control is applied (this is not
possible in active systems).

The main difficulty of control system design for the semi-active units is complex non-
linear relations between states of the mechanical system and control signals. Models of
this relations have the form of non-linear differential equations, which can not be solved
analytically. However, numerical calculations together with certain theoretical discussion
allowed for design control algorithms: on-off or continuous skyhook control, on-off
groundhook control, clipping control, fuzzy logic, modulated homogeneous friction control
and bang-bang control. All of these algorithms are modifications of two-state (on-off)
control. Robustness of the performance is probably the greatest advantage of these
algorithms but the quality of the vibration damping can be small.

This paper proposes another approach to the problem of vibration damping. The
starting point of the design is determination of the quality index describing damping
requirements (so called qualifying function). Usually amplitude of the vibrating element
acceleration is minimized. However, there are number of application in which the
requirements are more sophisticated. The second starting element is the excitation
characteristic. Every vibrating system is excited in its own way, and dynamical model of
this excitation can be always estimated. The approach presented in this paper uses model
of the vibrating mechanical system to analyze dynamic relation between excitation and the
quality index under different control signal applied to the semi-active device. This analysis
is done off-line to establish non-linear static part of the controller. Dynamic part of the
controller is formed by linear element (finite impulse response — FIR) with parameters
being adapted on-line with least mean-square (LMS) procedure. This element generates
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reference signal which describes dynamic properties of the mechanical system excitation.
The whole design procedure bases then on the quality of the vibration damping. The
concept of quality semi-active control has been applied to megnetoreological (MR)
suspension of a vehicle. The comparative study of vibration damping with on-off skyhook is
presented in the paper.

Paper 0178: Mathematical Control and Observation Theory Problem s for

Time Delay Systems
V.M. Marchenko

A survey of some principal author’s results on the qualitative control and observation
theory for systems with after-effect and related topics is presented. The basic problems in
such a field like controllability, observability, feedback control, realization, and others are
considered and some open problems are formulated.

In the paper, we start with models of linear time-delay systems. The most general one
is a nonstationary descriptor distributed delay neutral type system with after-effect. We pay
attention to such partial case of this model as a singular stationary linear system with delay
and a hybrid linear time-delay system. Then we introduce a notion of strongly regular linear
systems with after-effect and consider several stationary models of such systems.

The next section deals with basic problems of the qualitative control and observation
theory, i.e. problems, which are free from a cost functional, for time-delay systems. For
simplicity, the main attention is paid here to the simplest time-delay systems of retarded
type. First, we consider finite dimensional control and observation problems, i.e. problems
which are finite dimensional according to the statement or according to the method of
solution. Then follow infinite dimensional controllability and observability problems.
Subsection H deals with state-feedback control problems, mainly, the problem of modal
control by action of linear feedback regulator scale. In Subection I, we investigate the
problem of scale realization of time delay systems. Subsection J presents a general
minimal state approach to controllability and observability problems for time-delay systems.

The next consideration (Subsection K) is a game interpretation of the problems of

(s,t)- and R"- (st controllability. We compare (Subsection L) different controllability

concepts. Ending Section Ill, we concern with the problems of canonical representations
and calculation of minimum number of inputs (outputs) for time-delay systems.

Section IV deals with a brief review of quite regular time-delay systems and, in
section V, some open problems are formulated.

Monday, 27th August, 2007
Regular, CE: Control Engineering

Reymont Room, 16:30 - 18:10
Chairs: G. Baluta, R. mierzchalski

Paper 0132: Comparison of Frequency Responses of Parallel- and Counter-
Flow Type of Heat Exchanger
K. Bartecki

The transfer of thermal energy between fluids is one of the most important processes in
engineering. There are several types of heat exchangers, but a most typical one is the
shell-and-tube heat exchanger, which consists of a series of finned tubes, through which
one of the fluids runs. The second fluid runs over the finned tubes to be heated or cooled.
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This type of exchangers may be classified according to their flow arrangement. In parallel-
flow type, the two fluids enter the exchanger at the same end, and flow in parallel to one
another to the other side. In counter-flow type, the fluids enter the exchanger from opposite
ends. In cross-flow exchangers, the fluids flow perpendicular to one another. As shown in
this paper, mutual flow direction strongly affects dynamical as well as steady-state
properties of the exchanger. Only the two first variants mentioned are considered and
compared here.

The paper is organized as follows. Section Il introduces a mathematical model of the
shell-and-tube heat exchanger in the form of a PDE system. In Section lll, transfer function
matrices for both cases considered are derived. In Section IV its frequency responses are
presented in the form of three-dimensional plots for selected input-output channels, both
for parallel- and counter-flow mode. Classical, two-dimensional Nyquist and Bode plots for
the outlet temperatures are also shown. Section V compares steady-state temperature
profiles along the heat exchanger for both modes of operation. Finally, short conclusions
and future work prospects are given in Section VI.

Paper 0141: Dynamic Matrix Control for Heating Process
T. K opot, P. aszczyk, M. Metzger

Model-based predictive controllers contain two challenging stages: difficult design and
complicated tuning procedure. This reasons stands in the way of the practical
implementation of advanced algorithms in wide range. This paper presents an easy to use
tuning strategy for Dynamic Matrix Control algorithm. This tuning procedure is designed for
plants approximating by first order plus dead time (FOPDT) model, taking into
consideration actual possibilities of industrial programmable controllers.

Despite the fact that the well known FOPDT approximation does not capture all the
features of some process, is still readily using to describe plant parameters. This situation
is causing by fact that the process gain is usually well described, obviously in reefer to
stable plant. Moreover the process time constant and the process lag time are easy to
interpretation. This was a reason for carry out experiments for testing suggested formulas
using FOPDT approximation on real plant, taking under consideration the positive results
which were received in previous studies.

All of obtained results ensure less than 10% first overshoot, which was one of criterion
point taking into consideration in presented tuning strategy. Presented results are obtained
based on values computed according with tuning sequence presented in paper. The set
point changes in presented cases were made in both directions. These experiments were
forced by characteristic behaviour of heating plants, where different dynamical responses
for different direction of changing set point value occur.

It should be emphasized that FOPDT parameter taken for control model gives only
approximated dynamic behaviour of real bench-scale heating process. In spite of this the
control quality is acceptable. Provided theoretical investigations and practical experiments
proved correctness of proposed approach and designed control algorithm.

Paper 0174: Control and Monitoring of Batch Sedimentation based on
Fractional Density Changes
W. Noco

Control and monitoring of clearing process in batch sedimentation based on density
changes in the top part of the settler is presented in this paper. Because during
sedimentation process, the distribution of solid particles inside the settler changes, so does
the density of the medium. Assuming an appropriate concentration of solid particles in the
suspension, the drop of hydrostatic pressure due to sedimentation may be measured at a
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certain distance from the bottom of the tank. Simulation and experimental results
presented demonstrate, that this principle is in some cases applicable to control and
monitoring of batch sedimentation process.

An experimental pilot plant has been designed and developed at the Institute of
Automatic Control, Silesian University of Technology [3]. The primary purpose of this pilot
plant is to test control algorithms used in time-optimal removal of the cleared water from
the settler. A mineral sludge halloysite is used which is heavy enough to enable the
implementation of the proposed control scheme.

Several tests have been preformed using the experimental pilot-plant in which
measurements of level have been recorded for different initial suspended solids
concentrations in the settler. No pumping of liquid was taking place at the time of
experiments, so that only density changes influence the measurement.

The simulation results, although presenting some discrepancies with respect to the
measurements, especially in the beginning of the sedimentation process (caused most
probably by the attenuating mixing currents), satisfactorily reproduce the experimental
results, proving the model of the process to be correct.

Application to control

Assuming that the level in the settler is not changed during the settling phase and if the
suspension is heavy enough to appropriately influence the hydrostatic pressure at a certain
distance from the bottom of the tank, it should be possible to automate the batch
sedimentation process based of fractional density changes. Different possibilities emerge:

1. A single pressure sensor may be used to indicate whether suspended solids have
settled below the point where that pressure sensor is mounted. When the settling phase
begins, the pressure reading should gradually decrease until reaching a constant value.
Once this constant value is obtained, the removal of the clarified liquid may be
commenced.

2. Using more pressure sensors installed at different levels, it should be possible to
roughly estimate the rate of sludge blanket level decrease.

Because of the measurement noise seen in the experimental results, any control
algorithm will most probably require the measurement signal to be filtered appropriately, for
example by averaging the signal over a period of time. Thus, removal of clarified liquid will
usually be delayed. Still however, using pressure transducers may be the only reasonable
choice in some applications.

Application to monitoring

Monitoring of the settling properties of the sludge may also be considered. Knowing that
a certain amount of solids is present in the settler, and observing the influence of the
fractional density changes on the hydrostatic pressure, one can infer whether the solids
are settling or not. Lack of a significant drop of hydrostatic pressure, may signalize for
example a need for flocculation agents to be added into the settler to enhance the settling
properties of the sludge.

Paper 0278: Formation Control During Ship Replenishment Operati ons at
Low Speed
M. Tobiasz, R. mierzchalski

Formation control consists in stabilising distances between ships during their motion at
the same speed. Due to necessary coordination of motion of the ships, a structure is
composed which allows constant distance to be kept between the ships with an assumed
accuracy. Formation control makes use of the Leader-Follower algorithm. The steering
structure includes the superior formation controller and real-time trajectory controllers.
Direct course and speed steering is executed using PD fuzzy controllers. The application
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of advanced technologies provides opportunities for reducing the number of crew involved
in at-sea reloading activities and increasing ship safety during operations of this type.

Formation control can be reduced to the task of synchronisation of ship motion along
assumed trajectories, certain distances between the ships being preserved by specialised
distance measuring instruments to secure safe motion of the ships. The formation control
makes use of a modified Leader-Follower algorithm.

The ship which leads the formation is the Leader. It selects the trajectory along which
the entire formation moves. In individual cases, manual steering of the Leader is possible.
The Follower moves at Leader’s side. Its task is to follow Leader’'s movements in such a
way that the two ships keep a constant distance between each other and their positions in
the formation as a whole.

The Leader moves along the earlier assumed trajectory. The trajectory for the Follower
is parallelly displaced with respect to that of the Leader, in such a way that the condition of
keeping the earlier assumed constant distance between the two vessels is met.

The formation control algorithm consists of three phases:

Phase 1: Synchronisation of ship motion. In this phase, ships which have been moving
independently compose a common parallel formation moving at a certain speed. The
Follower modifies its motion to take position at a certain distance beside the Leader.

Phase 2: Moving within the formation. In this phase the ships move within the earlier
created formation. The distance between the ships is determined precisely using laser
range-finders. Distances between ships’ boards at bow and stern are measured, and
additionally in the middle of each ship.

Phase 3: Changing formation. Changing distances between the ships in the formation is
possible, in both increasing and decreasing direction. The Leader’s trajectory remains
unchanged, while the Follower changes its position in the formation. Once the manoeuvre
has been completed, the ships return to phase 2.

The algorithm was tested numerically. Firstly, the synchronisation time of the ships
moving as one formation was tested. Then, change of distance between the ships in the
formation was checked. The algorithm passed the test — the ships successfully kept the set
distance between them.

Paper 0277: Prototyping of Cranes’ Fuzzy Control Systems
J. Smoczek, J. Szpytko
Keywords : control system, fuzzy logic, prototyping

The paper presents mechatronics approach to elaborate intelligent control system of
the overhead traveling cranes. Control systems based on fuzzy controllers with Mamdani
and Sugeno inference systems were elaborated and built using prototyping methods and
tools enable for control object identification, real time tests on the control object and control
algorithm implementation on target controllers, e.g. programmable logic controllers PLC.
The HMI (Human Machine-Interface) system of crane’s shifting process built for control
system prototyping as well as monitoring and managing purposes was shown in the paper.

Proposed control algorithms based on Mamdani and Takagi-Sugeno-Kang (TSK) fuzzy
inference system were elaborated in rapid prototyping process divided into two steps. In
the first step the control algorithms were elaborated using computer PC with data
acquisition cards and Matlab The MathWorks Inc. program. In the next step the control
algorithm was implemented on the target controller: programmable logic controller PLC.
Using InTouch Wonderware Corporation program the HMI (Human Machine-Interface)
application was created for visualization, monitoring and managing the transportation
process realized by the crane. One of the important element of this application was
possibility of fuzzy control algorithm modification in PLC controller without necessity of
time-consuming PLC’s program changing.
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Control systems with Mamdani and TSK fuzzy controllers were tested on two devices.
Control system with Mamdani controller was elaborated and tested on the overhead
traveling crane with 1,5 [KN] hoisting capacity localized in laboratory of AGH University of
Science and Technology in Krakow. Results of experiments on the control object using
TSK and PI controllers (proportional-integrate) are shown and compared in the figures 1
and 2.

Realized researches works enabled to elaborate compound intelligent control
algorithms using rapid prototyping process, during computer simulations and experiments
on the real object. Applied software (Matlab/Simulink/RTW programs and HMI application
built using InTouch programming environment) and hardware (interface’s cards) integrated
tools gave possibility to shorten the time of control system designing and further
implementation on target control device (PLC cotroller).

position of the bridge [m]

time [s]

Fig. 1. Position of the bridge
(TSK and PI controllers)

swing angle [rad]

time [s]

Fig. 2. Swing angle of the load
(TSK and PI controllers)

Prototyping process enabled to concentrate only on developing control system
elements: control algorithm optimization, adjusting the control system parameters and
testing used measurements circuits. Realized HMI application gave possibility of
modification in real time fuzzy control algorithm implemented on the PLC controller without
necessity of time-consuming PLC’s program changing. Implementation fuzzy algorithms on
PLC controller shown problems with programming realization of control system based on
Mamdani inference process because of compound defuzzyfication phase. TSK model was

more effective algorithm in implementation on PLC controller owing to its consequence of
the fuzzy rules.
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Tuesday, 28th August, 2007

Plenary, PL-Grizzle: An Analytical Perspective on the Control of Bipedal Robot
Locomotion

Concerto I, Il Room, 9:00 - 10:00

Chairs: K. Koz owski

Paper PL-Grizzle: An Analytical Perspective on the Control of Bipedal Robot
Locomotion
J. W. Grizzle

This communication develops an observer-based feedback controller for the
stabilization of periodic orbits arising in bipedal robots. The robot is modeled as a system
with impulse effects and it is assumed that the robot's configuration variables are
measured and that the moment of impact of the swing leg with the ground can be detected
as well. It is shown that if a continuously differentiable static state variable feedback
controller exists that induces an exponentially stable periodic orbit, then the same orbit can
be exponentially stabilized with a continuously differentiable output feedback controller.

Tuesday, 28th August, 2007
Invited, IS1: Optimization of Infinite Dimensional Systems

Concerto I, Il Room, 10:00 - 11:00
Chairs: A. Kowalewski, J. Soko owski

Paper 1IS1-01: Singular Estimates and Riccati Theory for Fluid Str  ucture
Interaction Models with Boundary Control
I. Lasiecka, A. Tuffaha

We consider a boundary control system for an established linear Fluid Structure
Interaction Model. This system describes the motion of an elastic structure inside a viscous
fluid with interaction taking place at the boundary of the structure, and with the possibility of
controlling the dynamics from this boundary. The objective is to show that this boundary
control model falls in the class of Singular Estimate Control Systems (SECS) for which a
complete description of optimal dynamics and feedback control via a solution to a Riccati
equation became recently available. This class of control systems was motivated by many
boundary and point control systems of coupled PDE that are not necessarily analytic
though containing an analytic component. In fact, the relevant optimal Riccati theory
developed for this class came as a natural extension to that available for analytic systems
with unbounded control action.

The objective control function under consideration is a general quadratic cost functional
with a final state penalization term, which allows for a variety of objectives capturing the
desired state or energy of the system to be considered. Our main task in this paper after
we express the coupled PDE system in the abstract generic form of the SECS class is to
verify the singular estimate condition which is the main characteristic of a SECS system.
Once this is achieved we can apply the available optimal control theory to ascertain
regularity results and feedback characterization of the control via a solution to a well posed
differential Riccati equation.
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Paper IS1-02: A hyperbolic boundary optimal control problem in ri ver
fishways

L.J. Alvarez-Vazquez, A. Martinez, M.E. Vazquez-Méndez, M.A. Vilar

The objective of this work is to formulate, study and resolve an optimal control problem
related to the management of a vertical slot fishway. A fishway, sometimes referred to as
fish ladder but also known as fish pass, is a hydraulic structure placed on or around man-
made barriers (such as dams and weirs) to assist the natural migration of diadromous fish
(salmon, trout, ...). A vertical slot fishway, the more common type of fishway, consists of a
rectangular channel with a sloping floor that is divided into a number of pools. Water runs
downstream in this channel, through various vertical slots from one pool to the next. The
velocity of water falling through the slots has to be great enough to attract the fish to the
channel, but it cannot be so large as to throw fish back downstream or to exhaust them to
the point where they cannot continue their journey upriver. These considerations are very
important not only in the optimal design of a fishway (see [2]) but also in its optimal
management.

In this work we use the shallow water equations to model the height and velocity of the
water in a standard vertical slot fishway. Then, by taking the flux Q across the inflow

boundary as the control variable, we formulate the problem of the fishway management as
the following optimal control problem:

1 vipdxdt+Z T Jeur ()P dxdt,
WH 2 o Wy

0

. 1
min J(q)—E

where U ={ IT L*°QT) : -BEI £O}, V is a desired velocity and Q and H are the
solution of:
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with suitable initial and boundary conditions (in particular, Q =(gnat inflow boundary of
w).

We obtain, in a similar way to [1], a formal first order optimality condition and we propose a
complete algorithm in order to solve the discretized problem.

References:

[1] L.J. Alvarez-Vazquez, A. Martinez, R. Mufioz-Sola, C. Rodriguez and M.E. Vazquez-
Mendez, The water conveyance problem: Optimal purification of polluted waters, Math.
Models Meth. Appl. Sci., 15, (2005), 1393-1416.

[2] L.J. Alvarez-Vazquez, A. Martinez, C. Rodriguez, M.E. Vazquez-Mendez and M. Vilar,
Optimal shape design for fishways in rivers, Math. and Comput. in Simul., (in press).

Paper 1S1-03: Sensitivity Analysis of Hyperbolic Optimal Control Problems
Z. Emirsaj ow, A. Kowalewski, A. Krakowiak, J. Soko owski
Keywords : shape optimization, topological derivative, optimal design, hyperbolic equation

In the paper the first order sensitivity analysis is performed for a class of optimal control
problems for hyperbolic equations. A singular perturbation of geometrical domain of
integration is introduced in the form of a circular hole. The Steklov-Poincaré operator on a
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circle is defined in order to reduce the problem to regular perturbations in the truncated
domain. The optimality system is differentiated with respect to the small parameter and the
directional derivative of the optimal control is obtained as a solution to an auxiliary optimal
control problem.

Tuesday, 28th August, 2007
Regular, R6: Various Applications of Robotic and Multiagent Systems

Norwid | Room, 10:00 - 11:00
Chairs: G. Adam, V. Katschinski

Paper 0200: Human-Centered Flexible Assembly Systems
R. Bernhardt, D. Surdilovic, V. Katschinski, K. Schréer

PISA is a European Integrated Project (IP) in the research area “next generation of
flexible assembly technology and processes”. The general aim of the project is to develop
intelligent assist systems (IAS) in order to support the human worker instead of replacing
him. Thus, flexibility should not be reached through fully automated assembly systems but
should instead support the better integration of human workers. This paper gives a report
on the project, launched in September 2006.

The growing number of product variants, smaller lot sizes, accelerated time to market
and shorter life-cycles of products have lead to increasing demands on assembly
equipment and concepts. They must achieve a high degree of flexibility with respect to
variants, low-cost adaptability of products and quick amortisation within a sustainable
equipment concept. In order to master these challenges, innovative approaches and
technologies are required. The performance of existing automation techniques is often
insufficient. As a solution to this problem, hybrid, i.e. human-integrated, approaches are
proposed. The idea is to combine human flexibility, intelligence and skills with the
advantages of sophisticated technical systems. Such systems should help the human
worker instead of replace him. Intelligent assist systems (IAS) offer a rational, advanced
method for the assembly of complex products on demand and at significantly reduced cost.
Since today neither the technology nor the tools for planning and managing IAS are
available, the aim of the project is their prototypical development, including demonstration
based on use-cases. One breakthrough of this project shall be to fill the gap between
manual and automated assembly by introducing novel IAS technology and providing
planning and integration tools to make this new technology applicable. A second
breakthrough shall be the re-configurability of assembly systems and the reusability of
assembly equipment. On the one hand this is related to a modular structure of assembly
systems including standard hardware and software interfaces of assembly equipment. On
the other hand, methods and tools are needed for reconfiguration planning, re-
programming, life-cycle and equipment management and knowledge-bases for assembly
solutions. Each breakthrough shall lead to an increase in production capacity and
productivity, to reduce the cost of investment and re-arrangement and to react more
quickly to market demands.
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Paper 0068: Robust Transport Control for Robotic Cycle Shops
C. Fiedler, W. Meyer
Keywords : Robustness, Scheduling, Petri nets

By the proposed design methodology for robust schedules, we quantify the
schedulability of a series of jobs to be processed at a robotic work cell with limited
transport capabilities. The uncertainties of the plant model as there are statistically
distributed and event driven variations of transport and processing times, are captured by a
stochastic timed Petri net. Robustness of the schedules is measured in terms of a plan
achievement function which plays the role of a fithess landscape in the multi dimensional
search space of schedules. The approach is exemplified for the lot switching behaviour of
robotic cycle shops and transitory transport schedules.

In our robust scheduling approach, the deadlock (or collision) avoidance algorithm is
modelled as a stochastic Petri net. Input for the scheduler is an assorted list of process
plans, and output the routing list for the robot, its destinations and associated transit times.
The generated transport schedule is then validated against variations of the process
release times Dv and of transport times Dtr and of machine processing times Dm. Dv on
one hand, and Dir and Dm on the other, are representatives for the two different kinds of
uncertainties which may deteriorate the calculated schedules: input signal variations and
model uncertainties.

For a given sequence of processes Pi(t) and a schedule v of process release intervals
vi, find a schedule Tr(t) for the robot transport operations tri which is robust against
variations in Dv, in transport times Dtri and in processing times Dmi. By robust it is meant
that the performance of the transport schedule remains high in the presence of disruptions.
This includes that the routing is not altered by a disruption. Sensitivity and robustness
analysis are intimately connected: A robust schedule is defined as a schedule that is
insensitive to unforeseen shop floor disturbances given an assumed control policy.

In this paper, we quantify the schedulability of a series of process plans (or jobs) to be
produced at a robotic work cell with limited transport and processing capabilities.
Feasibility and robustness of the schedules are measured in terms of a plan achievement
function PA which plays the role of a fithess landscape in the multi dimensional space of
schedules. The constraints and operational uncertainties of the plant are captured by a
stochastic timed Petri net model and a collision detection algorithm which acts as a filter on
possible solutions. The algorithm employs simple FIFO rules for conflict resolution.
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However, more sophisticated schedulers can easily be incorporated into the net and tested
with respect to their robustness and stability.

By variation of the model parameters, PA is calculated for the complete range of
possible schedules and a wide range of model and signal uncertainties. Based on this
complete set of plan achievement functions, exact measures for schedule robustness are
derived. The methodology is applied for periodic and transitory lot switching schedules of
cyclic job shops with constant travel times but also embraces the general job shop
scheduling problem with sequence dependent set up times and multi purpose machines.

Paper 0165: Qualitative Modeling and Simulation of an Automated Mobile
Press Machine
G. Garani, G. K. Adam

Manufacturing and control procedures for automation requires many different
technologies. The last decade has seen computer technology applied more widely in
industrial production, particularly in manufacturing processes not generally associated with
high-technology. Often, such technology was not considered because it was difficult to
model manufacturing processes using conventional mathematical modelling tools.

In this paper, the design, construction and operation, of an autonomous mobile
hydraulic press machine (RoboPress) are discussed. RoboPress automates the
production of moulded concrete elements for architectural and building projects. The
research demonstrates how the design of a state-of-the-art industrial mechatronic system
can be optimized by using qualitative modeling and simulation from artificial intelligence.
The research further demonstrates how an efficient control algorithm for operating the
machine can be derived from a qualitative modeling exercise.

Here, qualitative modelling has been shown to improve production procedures and
manufactured product quality. More, qualitative modelling contributed to the design of the
machine itself, e.g., the placement and control of the automatic hydraulic press.
Qualitative modelling tools and commercially available software were used as tools to aid
in the design and manufacture of an autonomous mobile mechatronics system called
RoboPress. Once an optimized control algorithm was obtained, via simulation with
QMTOOL etc., tests were carried out with RoboPress manufacturing concrete elements.
The important of off-line simulation defined the control strategies for RoboPress operation,
the effectiveness of determining the control algorithm using this approach is defined by the
following attributes:

- The ability to describe and analyze the static and dynamic behaviours of machine

processes.

The ability to evaluate control algorithms of important sub-systems within the
machine.

The ability to easily redefine the design specifications to optimize the machine
control.

The ability to assess the total effectiveness of the control system and the operation
of the machine in production.

Qualitative models and qualitative simulation deals successfully uncertainties, mainly in
the positioning of the various machine parts and the path planning associated with the
machine as a whole. In utilising this technology for the design and manufacture of the
automatic press machine, it was possible to evaluate the production capabilities of the
machine, to improve the machine’s construction during its design stage, and to provide
optimized control algorithms for its operation in the field. The result shows better operation
performance and production output.
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Tuesday, 28th August, 2007
Regular, MS: Modelling and Simulation

Norwid Il Room, 10:00 - 11:00

Chairs: J. Ho ubiec, P. Duenov

Paper 0069: Modelling of the Engine Torque Using the High Resol  ution
Engine Speed Signal
J. Olscher, P. Diinow, B. Lampe

The application of novel combustion processes calls for the knowledge of characteristic
parameters with reference to the combustion. The torque which is provided by the engine
is directly associated with the quality of the combustion. In common production cars the
engine torque is not a measurement. At the map based pilot control of the combustion the
required engine torque is adjusted by e.g. the throttle angle, the ignition angle or the fuel
mass. But the ECU usually don’t get any information about the engine torque which was
released due to the balanced combustion. This paper entitled “Modelling of the Engine
Torque Using the High Resolution Engine Speed Signal”’ presents a possible approach for
the determination of the engine- and load torque of a four-cylinder-engine using the engine
rotational speed signal. The used model considers the dynamics caused by the dual mass
flywheel. The simplified analogous model of the dual mass flywheel has two degrees of
freedom. With the setup of the conservation equations with reference to the torque at the
dual mass flywheel and the introduction of certain approximations a first order differential
equation for the determination of the engine torque comes up. The required engine torque
initial value for the numerical integration in case of a four-cylinder engine is determined by
the torque free crankshaft at top dead centre. The engine rotational speed which is
sampled by using the common 60-2-wheel sensor is converted into a trigonometric
polynomial by regression. Thus the required derivations of the engine rotational speed can
be performed in an analytical manner. The proposal is only theoretical at present and
needs to be validated in the near future. In case the quality of the approximated engine
torque is sufficient it can be used to reconstruct the in cylinder pressure of the firing
cylinder and thus is an indicator for the combustion quality.

Paper 0057: Dynamic Modeling Analysis of the Disk Drive on the basis

Iterative Learning Control
J. Y. Yun

To optimize the stability of the disk dr-ive system, the disk drive force induc-ement
must be monitored and the errors must be adjusted accordingly. The initi-al preload is
to set remove bearing play and to achieve an appropriate bearing stiffness quality.
Preload may also affect the stability of the systems. A dynamic observer based on a
preload model to estimate the disk drive system stability. The observer is based on
a state-space model capable of describing the transient preload behavior of the disk
driver syst-em. The goal is to use full knowledge of the dynamical models of the
system in an attempt to estimate the undesirable noise and frequencies, applied to
deconvolution technique, initial condition effect on the observer and finally
reconstructed the systems via the Nyquist criteria.

49



Paper 0092: Distributed Parameters Model for Simulation of Neut  ralisation
Process

K. Stebel, M. Metzger

Keywords : Modeling, Distributed parameter systems, Simulation

Control of the pH neutralization process plays a very important role in chemical and
food industries such as the biochemical processes, wastewater treatments. Wastewater
neutralization is one of the most common and most difficult control applications due to the
multicomponent, buffered nature of the system whose composition is unknown and non-
stationary.

For the purpose of control, efforts have been made in modelling of lumped-parameter
pH processes. The model is based on the material balance and equilibrium equations and
has many extentions to general multicomponent processes. In opposite to this fact
publications considering distributed parameters process are not present in literature. It is
possible to find only a few examples where pH gradient formation is investigated under the
influence of applied voltage. But these types of issues are far from problems of systems
where pH depends on the shape of reactor, intensity of mixing or additional chemical
reactions influencing reagent concentration and indirectly pH value in individual points of
reactor.

Possible approach to control is in-line neutralization such idea seems to be is
interesting. Cost of common industrial installations containing tanks and reactors with
assumption of ideal mixing is large. Also constant maintenance costs connected with the
need of intensive mixing is not negligible. That is why it seems to be attractive idea of the
in-line neutralisation where turbulent flow and across mixing is assumed. If it is necessary
in-line static mixer can be used. Disadvantage of in-line neutralisation is difficult pH
measurement and because of that previous author’s limited number of base injections in
their works to two points. Because of that the base of synthesis and evaluation of control
algorithms is mathematical model. The motivation of this work is present distributed
parameters model for simulation of neutralisation process. Application of such model is
much more computationally demanding but enables to include some features strongly
connected with distribution in space. Some chemical reactions might be simulating more
properly and accurate using distributed parameters model. The work was focused on
finding the model reflecting most of phenomena’s during in-line neutralisation. It was found
that such model can be obtained and it can be the base for further development of in-line
neutralisation control. We started from the simplest case when two reagents where
injected in the beginning of the reactor. Step by step more complicated way of base
reagent injection was considered. Finally model with distributed injection along the length
of reactor combined with discrete point injections is presented. Distributed injection allows
slow changes of pH value contrary to discrete point base dosing. Combination of those two
approaches allows simulating process for wide range of process parameters. At the final
stage of researches additional first order reaction was added what also enriched simulation
possibility. Resuming obtained model allows simulating wide range of distributed
parameters neutralisation processes and it is good base for testing of control algorithms.
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Reymont Room, 10:00 - 11:00
Chairs: V. Filipovic, C. Pedret

Paper 0212: A Design Methodology for a 2-DOF Control Architectu re Using a
Coprime-Factorization-based Luenberger Observer
S. Alcantara, C. Pedret, R. Vilanova, R. Moreno
Keywords : Robustness, H-infinity control, Linear systems

A new controller configuration for model reference control in a robust way is presented
in this paper. The 2-DOF structure is based on a right coprime factorization of the plant
and makes use of an observer-based feedback control scheme combined with a prefilter
controller. The feedback controller is designed first to guarantee stability robustness and
some levels of performance in terms of disturbance rejection. This is done by solving an
unconstrained H-infinity optimization problem using a right coprime factorization of the
plant in an active way. Secondly, the prefilter controller is designed to guarantee robust
open-loop processing of the reference commands. This is done by assuming a Reference
Model and by solving a Model Matching Problem.

Paper 0214: A Stable Stabilizing Robust Control Configuration
S. Alcantara, C. Pedret, R. Vilanova, R. Moreno
Keywords : Robustness, Linear systems, H-infinity control

In this paper we outline a design methodology for a control configuration based on a
right coprime factorization. The design methodology is aimed at ending up finding H-infinity
stable stabilizing (strong stabilizing) controllers for LTI systems and being such that all their
implementing blocks are stable. The design is split up into two steps, the first one being in
charge of satisfying certain performance requirements while the second is used for
robustness enhancement without altering the already fixed nominal properties of the
controlled system, constituting a so-called robustification step.

Paper 0253: On the Determination of Robust Stability Bounds for Dynamical
Systems
B. Maraaoui, H. Belkhiria Ayadi, N. Benhadj Braiek
Keywords : Stability, Robustness bound, State transformation, Arrow form matrix

In this paper, improved robust stability bounds for dynamical systems including
unstructured or structured uncertainties are proposed. Allowable perturbations bounds are
obtained such that the perturbed system remains stable. The obtained results, indicating
the effect of the state description on the quantitative measures of robustness, are
analytically shown to be less conservative than those reported in the literature. Numerical
examples are given to illustrate the usefulness of the result.
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Paper 1IS1-04: Controllability of Second Order Infinite Dimensiona | Linear
Systems
J. Klamka, J. Wyrwa
Keywords : Linear infinite-dimensional control systems, distributed parameter dynamical systems, mechanical
flexible structures, controllability of abstract dynamical systems, frequency-domain methods for linear systems
Controllability is one of the fundamental concepts in mathematical control theory.
Roughly speaking, controllability generally means, that it is possible to steer a dynamical
system from an arbitrary initial state to an arbitrary final state using the set of admissible
controls. In the literature, there are many different definitions of controllability, which
depend on class of dynamical system. In the paper, the approximate controllability of linear
abstract second-order infinite-dimensional dynamical systems with constant coefficients is
considered. It is well known, that for infinite dimensional dynamical systems, it is necessary
to distinguish between the notions of approximate and exact controllability. It follows
directly from the fact, that in infinite-dimensional linear spaces there exist infinite
dimensional linear subspaces that are not closed. It should be pointed out, that for such
dynamical systems direct verification of approximate controllability is rather difficult and
complicated task. Therefore, in the paper it is proved, using rather simple so called
frequency-domain method and general theory of linear unbounded selfadjoint differential
operators, that approximate controllability of second-order dynamical system can be easily
verified by the well known approximate controllability conditions for the corresponding
simplified first-order dynamical system. General approximate controllability conditions may
be applied for approximate controllability investigation of a vibratory dynamical system
modeling flexible mechanical structure. Some special cases are also considered.
Moreover, some remarks and comments on the relationships between different concepts of
controllability are given. The paper extends earlier results on approximate controllability of
second-order abstract dynamical systems.

Paper 1IS1-06: Optimal Control of Parabolic-Hyperbolic Systems wit h Time
Delays
A. Kowalewski
Keywords : optimal distributed control, parabolic-hyperbolic system, integral time delay, Dirichlet boundary
condition

In this paper, we consider optimal control problems for parabolic-hyperbolic systems in
which time delays appear in the integral form in the state equations. The right- hand side
of the state equation and the initial and boundary conditions are not continuous functions
usually, but they are measurable functions belonging into L% or L spaces. Therefore we
shall look the solution of the time delay parabolic-hyperbolic equation in some Sobolev
spaces. Sufficient conditions for the existence of a unique solution of the time delay
parabolic — hyperbolic equation with the Dirichlet boundary condition are proved —
Theorem 1. Consequently, we formulate the optimal control problem. The performance
functional has the quadratic form. The time horizon is fixed. Finally, we impose some
constraints on the distributed control. The necessary and sufficient conditions of optimality
with the quadratic performance functional and constrained control are derived for the
Dirichlet problem -Theorem 3.
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We must notice that the conditions of optimality derived above (Theorem 3) allow us to
obtain an analytical formula for the optimal control in particular cases only (e.g. there are
no constraints on the controls ). This results from the following: the determining of the
adjoint variable p(vo) in the maximum condition from the adjoint equation is possible if and
only if we know the state variable y, which corresponds to the control vo. These mutual
connections make the practical use of the derived optimization formulae difficult. Therefore
we resign from the exact determining of the optimal control and we use approximation
methods.

The results presented in the paper can be treated as an extension of the results
obtained by Lions onto the case of additional time delays appearing in the integral form in
the state equations. In this paper we have considered the optimal time delay parabolic-
hyperbolic systems with the Dirichlet boundary conditions. We can also consider optimal
control problems for parabolic-hyperbolic systems with the Neumann boundary conditions
involving time delays. We can also obtain estimates and a sufficient condition for the
boundedness of solutions for time delay parabolic-hyperbolic systems with specified forms
of feedback control. The ideas mentioned above will be developed in forthcoming papers.

Paper IS1-09: On Vibration Absorbers with Time Delay
D. Popescu, V. Rasvan
Keywords : Time Delay, Stabilization, Resonance

The vibration absorber is a feedback that was proposed almost a century ago by Frahm
in 1909 (see, for instance, the book of B.V.Bulgakov, Section 9.54). Its theory was
published later by den Hartog and Ormondroyd in 1928 and may be found in such
reference textbooks on oscillations as the ones of Mandelstamm, den Hartog or Bulgakov.
The ideal vibration rejection is ensured provided the vibration absorber is at resonance on
the excitation frequency what assumes this excitation to be harmonic. Moreover, since the
system with the vibration absorber displays a feedback structure, the requirement of the
exponential stability for the overall system is important from the operation point of view.

Improvement of such systems is always twofold and hides a contradiction: to enlarge
the range of the frequencies for which rejection is achieved and to preserve overall
exponential stability. One technical idea with respect to these requirements is to use the
so-called delayed resonator. This is in fact a vibration absorber with an additional local
feedback of P type applied via a time delay (it looks much alike an active suspension
system). This structure may ensure a countable set of resonance frequencies that may be
computed from the resonance conditions; moreover the resonance may be achieved
regardless the existence of an (even small) natural damping of the resonator (the vibration
absorber). Moreover, it is possible for certain parameter tuning, to obtain ideal rejection for
two frequencies what will give a larger stop band. The more difficult problem is here how to
obtain exponential stability of the overall system under the presence of the delay. Other
ways of improving vibration absorption is to embed the problem in the larger one of stop-
band filter design: this problem may have an analogue or a digital solution, however the
overall system stability still remains.

Paper IS1-10: A method for computing topological derivatives of a rbitrary
order of shape functionals in 2D elasticity
J. Soko owski, A. ochowski
Keywords : shape optimization, topological derivative, shape derivative, shape functional, asymptotic analysis

In the paper the method of asymptotic expansions of Steklov-Poincar’e operator for an
elastic 2D ring with a small hole inside, with respect to the radius of the hole is presented.
It is based on a complex function approach of Muskhelishvili to the solution of elasticity
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boundary value problems, and leads to formulae for topological derivatives of arbitrary
order which are directly applicable in numerical computations.

Tuesday, 28th August, 2007
Regular, R6: Various Applications of Robotic and Multiagent Systems

Norwid | Room, 11:30 - 13:10
Chairs: G. Adam, V. Katschinski

Paper 0226: Infrared Image Recognition on Components of High-vo Itage
Transmission Lines for Power System Inspection Robo t
X. Xiao, G. Wu, X. Jiang

The inspection robot is a new type of technical platform for hotline inspection on high-
voltage power transmission lines system. The infrared monitor and camera are the most
popular inspection instruments carried by the robot, thus infrared image recognition is
necessary to provide machine vision for the robot, including components’ recognize and
localization. Therefore, considering the feature of infrared image and contour characteristic
of the components of high-voltage transmission lines, a recognition method based on chain
code tracking and corner point detection is proposed: First extract the edge contour of the
infrared image of the components after the infrared image preprocessing, including
graying, piecewise linear grey level transforming, and medium filtering upon the original
image. Then trace chain code and detect corner points of the edge contour of the image.
Finally conduct linear detection on extracted corner points with Hough transform for the
insulator chain and conductor line recognition.

1) Corner point detection.

The corner points contain most important geometric parameters for target recognition,
so they should be detected to grasp partial shape feature of the object prior to object
recognition, and then target recognition could be proceed under the condition of only
getting partial contour edge. A corner point detection method based on chain code is
proposed. For each extracted chain code sequence, the detection procedures include
three steps: first seek the relative chain code sequence; then seek angle sequence
corresponding to chain code sequence; third screen out true corner points. Last, conduct
corner point detection for a tensile dual-insulator chains’ infrared image by the above-
mentioned means successfully.

2) Insulator chain recognition.

There are more corner points on the contour edge of the insulator chain than on that of
any other components (e.g. clamp, space-club and transmission line, etc.). Moreover, most
of the corner points of the insulator chain are distributed on parallel lines. Therefore, if the
number of corner points detected from chain codes of the contour is more than a certain
threshold, and they can compose two parallel lines to a large extent, then what is
described by this contour chain codes shall be the contour part of such insulator chain.
Namely, to judge whether the detected corner points are available to compose two parallel
lines is the criteria of chains’ recognition.

Due to the influence of shooting angle, background, and image processing, not all of
the corner points locate on two parallel lines, but most of them do. Here Hough Transform
is utilized to detect lines based on extracted points. It is obviously that most corner points
on any contour line of an insulator chain are distributed on two approximately paralleled
lines, thus the insulator chain can be recognized effectively.

3) Recognition experiment
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Finally, a recognition experiment performed on fifty images proves that the proposed
corner point detection-based method is effective for detecting almost all corner points on
image contour and recognizing the objects with 98% recognition reliability. The 2% failed
case shows that detection of the corner points is very important and directly influence the
objects’ recognition reliability. After refined the criteria of the corner point judgment
proposed, the higher reliability of the recognition have been achieved.

Paper 0247: Form Closure Regrasp Planning for Capture of a Slow ly

Deforming Object
A. Dutta, G. Obinata

This paper proposes a new approach to determine the optimal contact points for
constraining a slowly deforming prismatic object, based on vision data. The problem has
been formulated as: Given an object with ‘n’ points on its boundary where fingers can be
placed, it is required to find the optimal re-grasp points for satisfying form closure. The
pixel points constituting the object boundary are obtained using a vision camera and the
robot fingertips are assumed to be friction less. Optimality is enforced by maximizing an
objective function using GA, subject to several constraints that check for form closure and
minimum fingertip forces. A simulation has been made in Matlab that shows that the
proposed algorithm works for any prismatic deforming objects. Experimental results are
also presented in which the boundary points of a deforming object have been obtained by
a vision camera and then the optimal re-grasp points found using the proposed algorithm.

Paper 0215: Indoor Active Surveillance
N. Gongalves, M. Shanmugavel, J. Sequeira, A. Tsourdos, B. White, M.l. Ribeiro

This paper describes a robotics based surveillance system for indoors operation. The
system is capable of performing common tasks autonomously such as detecting an
intruder and having a robot approaching it while the rest of the team spreads to maximize
the coverage of the area.

The system developed is a small size networked system with fixed cameras
connected over Ethernet and three mobile platforms used as active agents. A set of three
of-the-shelf Pionner robots and fixed video cameras where installed in a realistic, medium
structured, indoors environment. This type of environment is close to what can be found in
scenarios monitored by commercial systems.

The paper presents details of the prototype system, experimental results, and
discusses the scalability of this setup when the area under surveillance is expanded.

Paper 0216: Definition and Composition of Individual Robot Beha viours in
Cooperative Box Pushing
P. Trojanek, C. Zieli ski, W. Szynkiewicz

This paper proposes an approach to the problem of defining both a set of behaviours of
an individual robot and the method of their composition, so that a multi-robot system
executes a general task. Multi-robot box pushing as an example of the cooperative
transportation task carried out by teams of robots is considered. An exemplary task
consists in pushing a box by two mobile robots, that are unaware of each others actions,
along a partially specified trajectory. The formal specification method of the behaviours and
their composition is presented, so that their implementation is accurate and simple. The
simulation results show that the presented method of designing a behaviour based
controller produces a satisfactory result.
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Implicit communication is used to solve a wide variety of problems, e.g.: path planning,
object sorting, cooperative transport, building structures, self-assembly, surveillance, prey
hunting. Many of such systems are biologically inspired — frequently they rely on mimicking
insect social behaviour. Social insects (i.e., insects living in colonies, e.g., ants, bees,
wasps, termites) draw our attention, because each insect exhibits simple behaviour, yet
the colony as a whole produces useful and complex output. Thus limited perceptual and
cognitive capabilities, through mutual interactions, both between the individuals and
between an individual and the environment, result in attaining a complex goal. This is
termed as emergent behaviour. The attractiveness of emergent behaviour, where
individual behaviours are simple and the communication is limited to individual's
perception, is even more underscored by the fact that explicit communication faces a
scaling problem which is absent in the implicit case. In the explicit case with the increase of
the number of robots the organization of communication between them becomes ever
more difficult. On the other hand, although implicit communication systems tend to be
robust (immune to the failure of some individuals or changes in the environment), the
emergent result is difficult to predict, hence program. The difficulty arises from the fact that
the result is not only based on each individual's behaviour, but also on the interactions
between them and the environment, which are hard to foresee. In some cases, as the
individuals do not have the knowledge about the global goal, this can lead to stagnation
(deadlock). However, the advantages of those systems prevail over their disadvantages, if
only the above disclosed drawbacks are dealt with appropriately. This paper proposes a
certain approach to the problem of defining both a set of behaviours of an individual robot
and the method of their composition, so that a multi-robot system executes a general task.

Box-pushing is one of the canonical task domains for cooperative robotics. Multi-robot
box pushing seems to be the simplest, yet difficult, case of the cooperative transportation
task carried out by teams of robots. Object transportation is frequently used as a test-bed
for issues like motion coordination and formation control.

Paper 0188: Simulation of Jumping Robot
G. Granosik, M. Kaczmarski

This paper presents some preliminary results in development of a jumping robot.
Project is currently in the modeling and simulation phase. We began analysis of the one
leg hopping robot from creating a mathematical model. We assumed that robot is
represented by a point mass supported on a light weight springy leg with regulated value of
the actuation force. Forces acting on the robot's body during landing and take-off are
presented in the Figure 1, where vertical force is gravitation and Fs is the spring force, vk
is robot’s velocity.

Fig. 1. Planar jumping robot with 2DOF leg: landifnimht) and take-off (left)
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Fig. 2. Stance phase of jumping robot landirgl5’ and take-offa=-45"

Figure 2 shows the time plot of the stance phase. Continues (blue) lines represent
robot’s leg in sequenced time moments. Additionally, the vectors of the landing and take-
off velocities are marked by short red lines. By changing the landing angle (b) we can
observe three different take-off scenarios: forward and backward jumps, and in place
(vertical) jump.

The main parameters of the ballistic flight phase are the initial value of the velocity and
its direction angle (a). The PD regulator sets the velocity value to the desired level and
therefore range is a function of one variable a.
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Fig. 3. Simulations of jumps in an uneven terraid plot of the hopping robot’s position

Figure 3 shows the screen shot of the simulation created in Working Model 2D and the
plot generated during this simulation. It shows the horizontal position of the robot during
traversing steps (0.2m high). In this test we have arbitrary set the length of jump to 0.4m
and changed this value to 0.2m after 16s, and then to Om (jumps in place). We can
observe that uneven terrain almost doesn’'t change the forward speed. Inclination of the
time plot of horizontal position of robot is constant for the corresponding length of jump.

After initial simulations with the idealized model of the massless leg stabilized by two
masses located at the distant ends of the main body we started experiments with tails. We
have considered different methods of practical stabilization of robot platform: starting from
mimicking of nature with 1DOF tail, through a sliding mass, two tails and spinning masses.
We have also added some realistic mass of the leg.

Currently, we are building a prototype of a robot’s leg and expect to have it working to
the time of the Conference
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Paper 0106: Modeling and Simulation of the LAUV Autonomous Unde rwater
Vehicle

J. Silva, B. Terra, R. Martins, J. Sousa

Keywords : Underwater Vehicles, Modeling, Simulation

On most methodologies, the design and tuning of controllers requires a mathematical
model of the system. We present a mathematical model for a new generation of
autonomous underwater vehicle (AUV) designed and built at the Underwater Systems and
Technology Laboratory (USTL) from Oporto University. These AUVs have a torpedo shape
and they are optimized for small size and low cost mechanical structure. The first vehicle of
this generation is called LAUV. The mathematical model will be employed on early testing
of vehicle control software.

We employ a nonlinear mathematical model. The computation of the coefficients of the
nonlinear model is done by resorting to theoretical and empirical formulas and also by
establishing analogies with known models from similar vehicles, namely the Isurus AUV, a
REMUS class vehicle created at the Woods Hole Oceanographic Institution and
customized at the USTL. The derived model will allow the tuning of controllers which, on
their turn, will enable the execution of some in-water tests - such as operation at constant
depth, far from the influence of the surface - that will provide data for the refinement of the
model.

We describe how the derived model is incorporated on MVS, a multiple vehicle
simulation system being developed at USTL using the Open Dynamics Engine (ODE)
library. The ODE is an open source library for simulating rigid body dynamics. It was
designed to be used in interactive or real-time simulation. It is particularly suited for
simulating several moving objects in changeable virtual reality environments. It has
already been used in many applications including games. However, we are not aware of
any published work concerning submarine simulation.

Finally we describe the incorporation of the MVS on the vehicle's on-board software.
Basically, the MVS must replace the interface with the physical sensors and actuators. The
objective of this approach is to allow a single implementation of the control software to
function unmodified in both real-life and simulated environments. The typical design cycle
involves the test of different control laws or navigation schemes. In most cases the control

system must be replicated in a simulation environment, usually on a different language.
Even when that is done correctly, it is difficult to keep consistency between that
implementation and the final control system, which may be subject to updates from other
sources. Instead of writing separate code for a prototyping environment and then for the
final version, our approach allows the employment of the stable/final software in the overall
design cycle.

Paper 0098: Modelling of Dynamic Properties of Induction Heated Rotating
Steel Cylinder
P. Urbanek, J. Kucharski
Keywords : induction heating system, multi input — multi output system, transmittance model

In the paper the method of modelling of induction heated rotating steel cylinder for
control purposes has been presented. Such cylinder is heated by a set of inductors placed
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above its surface, so the cylinder plays a role of a charge of induction heating system. The
analysed system consists of: 1.5m steel cylinder, six inductors (nominal power 2kW) giving
six heating zones and six K-type infrared thermocouples for temperature measurement

(fig. 1a).
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Fig. 1b. Structure of the transfer function modél tbe
induction heated cylinder (for the sake of readgba full
structure is shown only for zone 3, while similaustures
Fig. 1a. Block diagram of temperature control @& thtating steel cylinder exist for other zones).

The plant has been considered as multi-input multi output structure (fig 1b) and
corresponding transfer function model has been built . It was shown that this kind of
modeling assures acceptable accuracy comparing to the results obtained from numerical
model of thermal phenomena.

Additionally, the possibility of model reduction was pointed out.

Paper 0182: Modeling and Control of One-Dimensional Magnetic Le  vitation
System with a Permanent-Magnet Object
Z.Yang, G. K.M. Pedersen, J. H. Pedersen

Keywords : modeling, control system, electromagnets

This paper discusses modeling, control and implementation of a one-dimensional
levitation system with a permanent magnet object. By taking the moving magnetic field into
consideration, a novel nonlinear model is derived based on the electromagnetic theory for
a constructed physical system, and then system coefficients are identified through an
experimental method. A simple PID controller is developed based on the derived model
and is implemented in the LabView environment afterwards. The developed model is
validated through comparison of the closed-loop simulation model and the controlled
physical system. Under the same conditions, the proposed configuration shows a
considerable larger operating range and higher efficiency compared with most
conventional levitation systems where the levitated object usually consists of a ball made
of magnetic material, e.g., iron or steel.
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Paper 0052: Improved Nonparametric Estimation of Nonlinearities in
Hammerstein Systems
G. Mzyk
Keywords : Hammerstein system, nonparametric regression, kernel estimation

A modified version of the classical kernel nonparametric identification algorithm for
nonlinearity recovering in Hammerstein system under existence of random noise is
proposed. The assumptions imposed on the unknown characteristic are weak. The
generalized kernel method proposed in the paper provides more accurate results in
comparison to the classical kernel nonparametric estimate, regardless of the number of
measurements. The convergence of the proposed estimate to the unknown characteristic
in probability is proved and the question of the convergence rate is discussed.

Paper 0061: Parameter Identification of Nonlinearities in Hamme  rstein
Systems with the Help of Nonparametric Regression M ethods
Z. Hasiewicz, G. Mzyk
Keywords : Hammerstein system, nonparametric regression, kernel estimation, nonlinear least squares,
Levenberg-Marquardt method

A combined, parametric-nonparametric routine for the identification of a static part of
Hammerstein system is presented. Parameters of the input\ nonlinear characteristic of
Hammerstein system are estimated for a wide range of random excitations and random
noise, and without any knowledge of the parametric model of the output linear dynamics.
The needed unmeasurable interaction inputs are estimated in a preliminary step by the
nonparametric regression function estimation method. Next, they are used in the nonlinear
optimization procedure for evaluating parameters of the static subsystem. Broad class of
nonlinear characteristics including functions which are not linear in the parameters, as well
as the infinite length impulse response of the linear dynamics are admitted. It is shown that
the resulting parameter estimates are consistent for both white and colored noise. The
analytical findings are validated using numerical simulation results.

Tuesday, 28th August, 2007
Regular, Al: Artificial Intelligence

Reymont Room, 11:30 - 13:10

Chairs: J.M. Ramos, A. Walaszek-Babiszewska

Paper 0176: Model Based Simulation and Fuzzy Control of Solar H eating
System
L. Kolek, I. Harmati
Keywords : Solar heating systems, modeling, fuzzy logic control

This paper involves the modeling of solar heating systems and a fuzzy control strategy
according to the optimal operation. The model consists of the basic parts of a solar
collector heating system: solar collector, heat-exchanger, hot water storage tank, solar
pump. Based on the thermodynamic equations of the components, we set up a complete
model of the solar system which is suitable for simulation and provides a testbed for
control algorithms. Also, a fuzzy control algorithm devised for solar heating system is
presented. Finally, a comparison of fuzzy and conventional control strategy via simulation
underlies the intuition that fuzzy controller provides better solution for higher performance
and energy savings.
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Paper 0183: Pneumatic Fuzzy Controller for a Flexible Arm
J. M. Ramos, E. Gorrostieta, E. Vargas, J. C. Pedraza, R. J. Romero, B. Ramirez, J.C.
Rosete

The flexible manipulator robot have a width industrial application area, and is increasing
it's application due to the low price, a few maintenance, high speed, and specially, the high
power—weight.

This work shows the development of a fuzzy controller applied to the pneumatic
cylinder, used as actuator of a flexible manipulator robot, to solve a necessity of porcelain
isolator clearing of high voltage transmission lines, without a personal high risk.

This is the second part of a project which involves the use of a pneumatic cylinder to
control a flexible manipulator robot with one link.

Is important to say that the almost of felxible manipulator are developed using an
electric actuator, but for us, a dielectric robot is necessary to avoid the high voltage
induction in the robot. So, this works involved the use of pneumatic fuzzy control and
flexible manipulator application.

Due to compressibility air characteristics, the plant presents a non linear behavior, in a
previous work, a PID controller is not enough. In this work, we present a fuzzy controller,
that have to adjust the valve aperture to control the air flow, and the rod position. A
comparison with Fuzzy PID Controller is made, and the result is good. This paper shows
an alternative control proposal, and results to implement it. We are using the Thermo-
Mechanical model to do a process simulation and obtain a control proposal.

The Fuzzy control works only with the percent of valve open, to limit the air flow from
the compressor trough the cylinder chambers. The values for A1 and A2 are the same, but
different for A3. Actually A3 must be small than Al to get a better system response. In this
case, we can see that a single Fuzzy Logic control is not enough to get a soft behavior of
the system, and a combination with PID algorithm must be used.

Paper 0243: Genetic Based Fuzzy Controller for Small Satellite Attitude
Control

S. M. Nematollahzadeh, A. A. Jamshidifar

Keywords : Genetic Algorithm, Fuzzy controller, PD Controller, Satellite, Attitude Control

A Genetic Algorithm (GA) based fuzzy controller for satellite attitude control is proposed
in this paper. GA has been employed to find the optimum fuzzy controller parameters
which results in reduction of the fuzzy controller design effort. An appropriate fitness
function is considered to improve the attitude pointing as well as to reduce the power
consumption. The simulation results, in both MATLAB and C++ environment, show that the
proposed controller works well.

In this paper, a fuzzy controller has been used for attitude control of a small low earth
orbit (LEO) satellite equipped with magnetometer and magnetic coils. The objective of this
controller is keeping the satellite pointing toward the earth and consuming less power as
possible. To find the global optimal parameters, a Genetic Algorithm has been employed
due to its capabilities of direct random search.

The fuzzy controller gets the nadir angle and its derivative as inputs and provides
appropriate output for the magnetic coils to keep the nadir angle close to zero. The
performance of the fuzzy controller depends highly on the values of its parameters. GA can
be used to find the global optimal parameters. For the GA, a population with 24
chromosomes has been assumed. The chromosome size is equal to the fuzzy controller
parameters; i.e. N=30. The fitness function is a combination of integral of Nadir error and
integral of the power consumption in the simulation time. The best parameters for the fuzzy
controller have been come out after about 200 generations.
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The result of two kind of simulation has been shown in the article, one in MATLAB
environment and another one in the real-time C++ environment. The simulations are done
for a sample satellite with the parameters given in the article. This satellite is almost similar
to Orsted, with differences in the orbit and the attitude sensors. Since PD controller is the
most common controller for this class of satellite, one of the applicable PD controllers is
selected for the comparison with our fuzzy controller.

As shown in the article, the throughput of the fuzzy controller is about 28% better than
the PD controller, whereas the power consumption in fuzzy controller is 80% of the PD
consumption. This improvement is due to the essence of fuzzy logic and the best
parameters of the fuzzy controller thanks to the GA global search technique.

Finally, the work is also repeated in the more real-time C++ environment and the results
were similar. The transformation from MATLAB to C++ is partly done using RTW toolbox
where some parts of the codes are developed manually.

Paper 0260: Fuzzy Control of Piezoelectric Actuators with Hyste resis for
Nanopositioning
F. Yavari, M. J. Mahjoob, C. Lucas

Nanopositioning is defined as position control on the molecular and atomic scale.
Nanopositioning devices are principal tools in the field of manufacturing, assembly,
measurement, Scanning Probe Microscopy (SPM), micromachining, nanotechnology and
biotechnology, etc.

Piezoelectric actuators are one of the most important actuators used in nanopositioning
systems, but they usually suffer from a drawback of having hysteresis between applied
voltage and obtained displacement. Hysteresis, as a kind of nonlinearity in the system,
causes some difficulties in the control of the system. So, conventional controllers usually
are not stable and robust enough to control these kinds of systems.

In this study first a linear model for piezoelectric actuators which is used in some
research is introduced for comparison with nonlinear models. Then hysteresis effect of
piezoelectric actuators is studied in details by using Bouc-Wen model and the effects of
different parameters on the shape of hysteresis loop are investigated.

This model is nonlinear and un-analyzable. Using this model, state space equations is
produced. A Proportional Derivative Integrator (PID) controller for closed-loop control of the
piezoelectric actuator is designed firstly. Then the step response is obtained. The set point
is chosen as 10 microns. The voltage signal for actuator is limited to -100 to +100 volts
because of physical limitations of the actuators. The results are shown in TABLE |I.
Because piezoelectric actuators usually are used for high speed positioning systems and
need less settling time and consequently more speed, we have to try other kinds of
controllers for better results. Fuzzy controller as a naturally nonlinear controller could be a
good choice to achieve this goal.

In the presented system, the error between reference signal and the real position of the
positioning system is chosen as one of the inputs of the system. The derivative of this error
is defined as the second input and the voltage to be exerted to the actuator is the output of
the fuzzy system.

The results are shown in TABLE I. Although the steady state error with fuzzy controller
is bigger than with PID controller, this error is fairly small and in most applications doesn’t
cause any problem. Fuzzy controller has reached the set point much faster and had less
overshoot. The results showed that the fuzzy controller has a much faster speed and less
overshoot in comparison with the PID controller.
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TABLE |
COMPARISON OF THERESULTS FORPID AND FUzzy CONTROLLERS

Control Overshoot 2% Steady State
method (%) Settling error (nm)
time (sec)
PID 3 0.01 0.3
Fuzzy 2 0.0004 0.8

Paper 0155: Polynomial Kolmogorov's Neutral Network in the Iden tification
of Wiener’'s Systems
J. Michalkiewicz

In this article it is suggested that the Kolmogorov's neural network may be applied in the
identification of the Wiener's systems. The neural network is of a two-layer character. In
the first layer polynomial functions have been introduced, in the other - the function are
calculated. The result of training the network is a set of such functions which are called by
the Author the Kolmogorov's portrait. The identification resolves itself into obtaining the
data based on the Kolmogorov's portrait.
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Regular, C: Computing

Concerto I, Il Room, 14:40 - 16:00

Chairs: S. Ba ka, Z. Zwierzewicz

Paper 0085: Admission and Rate Control in the Computer Network with
Uncertain Bandwidths

D. G sior

Keywords : computer networks, uncertainty, decisionmaking

One of the most useful mathematical framework to describe computer network, which
treats a computer network control problem as an optimization problem and makes
analytical solution possible to find, is network utility maximization concept introduced in [1]
and widely studied for wire networks and also applied for wireless networks control
algorithms.

This paper is concerned with a problem of jointed admission and rate control problem
due to Quality of Service (QoS) requirements. The network utility maximization framework
is used to formulate this problem as an optimization problem. The computer networks is
treated as a set of direct links between neighbor network nodes. The path is a sequence of
links, used for a transmission. It is assumed that there is only one path available for each

transmission demand. The following notation is introduced: ) — index of link, rl
I

index of transmission demand, — a set of admitted transmission demands, ' —a

subset of transmission demands using link | , U _ vector of data rates for all transmission

demands in the network. Every link is characterized by its bandwidth U , which expresses

maximal total amount of data that can be transmitted through the link | in the unit time. A
vector of minimal and a vector of maximal data rates, that must be allocated for
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u

transmission demands due to QoS requirements, are ~min and umax, respectively. The

objective function is Q(u, ) For such data the decision-making problem is formulated

(similarly to [2]) as follows:
leen , , | , U| for IT , umin' umax' Q(u’ )

(,u)=argmaxQ(u, )
Find: (u D ,

D={(u, ):( U EUYU(" U =0) gy,
where hc i
Then it is taken into account that full knowledge on network parameters (e.g. delays) is

usually unavailable due to network dynamics, size, complexity, etc.. We can model some

of these imprecise information assuming that bandwidths are unknown parameters and
each of them is described by an expert. The uncertain variables [3] are introduced and it is
assumed that expert's knowledge can be modeled with formalism of uncertain variables.

For such assumption three decision-making problem formulations are given and one of

them is studied. The solution algorithm for jointed admission and rate control with unknown

bandwidths is elaborated. A simple example for arbitrary network topology is given.

£u £ ur’max)}.

r,min
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Paper 0093: District Heating Station of Social Welfare — Web-Se rver
Application
K. Stebel, J. Rajnhold
Keywords : SCADA systems, Networks, Remote handling

The motivation for building remote maintenance systems is to provide an efficient
support for these control systems, which are characterised as being distributed either
within the process plants or by some geographical reasons. The request on remote
controlling or monitoring of processes in technical practise is still more demanded, as there
is development of information systems. Computational power of industrial controllers is
successively growing, hence it becomes common practice to equip such devices with
Ethernet communication modules. TCP/IP communications used not only in the upper
control level, but it is also the way of exchanging data between controllers. Additionally
controllers can be a platform for simple WebPages. Access to such WebPage causes the
conversion of internal data words called tags to more convenient form of variables (register
values, output and input values). It enables creating in simple way low cost visualisation.
Such controller can be connected to Internet and after the download of prepared Web-Site
in html it can be monitored from any computer with the access to Internet. It is worth to
mention Ajax technique. Ajax, shortcut for Asynchronous JavaScript and XML, is a web
development technique for creating interactive web applications. The intent is to make web
pages to be more “responsive” by exchanging small amounts of data with the server
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behind the scenes, so that the entire web page does not have to be reloaded each time the
user requests a change. This is meant to increase the web page's interactively, speed, and
usability. When connection of PLC to Internet is considered, the hardware configuration is
very important. The advantages and disadvantages should be taken into account as
maintaining failure conditions or the problem of limited controller memory. Three hardware
configurations are considered in this paper. First solution is cheap, but has limited usability.
First of all this solution demand a lot of controller memory because during the monitoring
all html pages are uploaded from controller. Controller memory is limited and it is not
possible make more complex the Web-Page with the big number of files. Finally, probably
most important disadvantage, there is no possibility to archive data on the controller.
Second possible architecture with additional computer. This increase the cost of
equipment, but allows us to split html pages and download to the controller only pages
containing tags in a simple form and remaining part of pages we save on computer. The
computer is used to call control, monitoring function and is responsible for the part treating
the request from TCP/IP communications. It solves also the problem of limited controller
memory for html page and allows suitable archivisation of measurement data on computer.
Third solution requires additionally router. Communication between devices is separated
from the rest of the network, it seems to be the most expensive solution, but also it is
optimal considering usability and safety. The router has the access to computer as well as
to controller directly. Considered configuration has all advantages of previous examples
and additionally allows maintaining failure conditions in a case of problems with computer
functionality which occurs most frequently. Comparison of architectures concerning
accessibility form the Internet by means of the lost packet number and the time needed for
packet transmission is almost the same for all configurations. The small differences come
from the Internet connection used in this case.

Paper 0101: Design and Development of Wireless Energy Metering for
Automatic Billing in Power Sectors
M. Jamil, G. M. Hashmi

A close examination of the present electricity distribution and billing system prevailing
all over Pakistan and third world countries reveals the poor state of affairs. The current
system of electricity billing in these countries invites many faults in it apart from the fact
that it is manual and aged. This paper gives a design of wireless billing system for
microcontroller based kilowatt-hour (KWh) meters that are more accurate and economical
than the electrometrical or analog meters. Main purpose is to present model system for
billing in which the utility company can directly takes meter reading at control rooms for its
spatially distributed consumers without employing any meter readers. Good range
transceivers are attached with energy meters, which will send their reading on request
from PC software. Using this metering system, the utility company can incorporate multiple
rates billing in electricity. Using Visual Basic (VB) or other software, the billing company
would be capable of disconnecting or resuming electric supply to any of its customers from
remote, if bill is not paid since long or any of its customers is caught in electricity theft.

Using a microcontroller based energy meters, a new wireless billing system has been
introduced in this paper. Using this novel idea, the electricity company can access meters
at any time and can incorporate a multiple rate billing system quite similar to telephone
billing system e.g. different rate of charges during day time and night time. As it allows
automatic billing from remote without employing any meter reader, this system would be a
great check to meter tempering and electricity thefts, which are the major problems faced
by the utilities in Pakistan. Using telephone line or wireless mode of communication
through FSK transceivers (G-7801C and G-7802C), the above design can also be
implemented to city-wide level for transmission of data.
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Paper 0234: The 0-day Exploit within an Industrial Network
M. B dzak

For several years, the following tendencies have been prevailing in industrial networks:
automatic control equipment creates a distributed system (dominant role of PAC),
migration of industrial networks to Ethernet TCP/IP networks, communication of industrial
networks with Internet (TCP/IP) — security problem...

In present-day internet networks, PAC are best adapted for implementation of modern
control algorithms (including soft computing algorithms, i.e. neuro-fuzzy, requiring large
processor capacities). They satisfy the requirements set for PLC with respect to thermal
and mechanical strength, offer functionality for personal computers (PC), and have the
built-in mechanisms of IP / WWW technology. However, are the PAC advantages
mentioned above easily compatible with the expectation of equally high security level in
case of threats that are inseparably connected with the “opening” towards internet
technologies?

The on-line systems connected to the network can be easily attacked by using a
discovered (and sometimes made public) and not known so far (apart from crackers)
vulnerability in software (system and application). Such a threat, which has become
commonly known among larger and larger group of internet surfers and does not have yet
a patch from software manufacturer (and most frequently with defenceless anti-virus
computer programme and firewall), is defined as a security problem of 0-day exploit type.
Software vulnerabilities may find their source in project and implementation (manufacturer
fault), and in configuration (user fault). The 0-day exploit threat (internal or external) may
cause different consequences: non-authorised access, data modification, impersonation,
network connection seizure, and finally a service blockade (or the so-called Denial of
Service)

In the first part of the paper, the most important threats have been described that are
connected with developmental tendencies in industrial networks, i.e. mobile employee,
PAC, Ethernet TCP/IP, which are “opened” and compatible with internet technologies. Real
scenarios of potential misuses have been given. The penetrated IT system of an employee
(laptop), connected with company industrial network (to remotely monitor and control the
state of technological process and to code and update PLC/PC software), is an important
and real problem. In the second part of the paper, security improvement of resources and
industrial network communication (and not only that) have been proposed, i.e. hardening
server-side (stegano cryptography level) and hardening client-side (virtual machine
technology).
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Paper 0172: A New Method of Eyelashes and Eyelid Removal for Ir s
Recognition System
F. L. Grilo, T. G. Amaral, R. P. Amaral, O. P. Dias
Keywords : Identification of persons, Image analysis, Image processing

In this paper, it is presented a new eyelashes and eyelid removal algorithm for iris
recognition. The iris recognition system as three main components: image pre-processing,
feature extraction and classification. The new algorithm presented in the extraction feature
step is based on the histogram subtraction of the normalised rubber sheet. The recognition
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performance of the implemented system was obtained using the iris database granted by
the Chinese Academy of Sciences Institute of Automation containing digitized greyscale
eye images. Experimental results show that the developed system has a good
performance when compared with other approaches.

Paper 0236: Automatic Control Tasks Featuring Asymmetrical Cond itional
Identification of Parameters
P. Kulczycki, M. Charytanowicz

In contemporary control engineering, the model of a controlling object constitutes one of
the two most important elements — after the controlling algorithm itself — in deciding the
efficiency of a designed device. Despite it seeming that the development of innovative
methods, based on knowledge engineering and data exploratory analysis, will slowly
lessen the importance of the models, the above methods are actually only hope for the
future rather than the present. Regardless of precision of the identification procedure used,
it is of course impossible to obtain an exact model. In order to overcome limitations in the
precision of models, two basic concepts are used in developing control algorithms. The
first consists of designing control procedures with imprecision of models already assumed
in their nature and consequently robust to resulting errors. The second concept dictates
that the identification of a model is subject to a higher goal which is the control algorithm
itself, and consequently models are worked out minimizing errors relative to their
malevolence regarding quality of the control algorithm. This paper offers a contribution to
the latter concept.

The subject of the investigations presented in this work is the specification of
parameters existing in the models of a controlled object. The typical procedures for
parameter identification generally available in literature do not take into account different —
in sign as well as size — results of their under- and overestimation. The method worked out
in this paper, based on the Bayes decision rule, allows for the consideration of this aspect,
while the result obtained minimalizes potential losses. Furthermore, the proposed
algorithm enables the influence of various conditioning factors — of continuous and/or
binary (also categorical) type — to be taken into account, e.g., temperature or other external
factors of an environmental, technical and economic nature. The mathematical apparatus
relies on the statistical kernel estimators, which frees the method from the types of
distributions of imprecise information and conditioning factors, while furthermore the
introduction of generalizations allows to take into account various relevance of particular
elements of a random sample. Many details concerning the subject presented in this paper
can be also find in the publications [1]-[7].
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Paper 0258: Identification Of Continuous-Time Systems with Time Delays by
Nonlinear Least-Squares Method with Global Optimiza  tion Elements
J. P. Papli ski

Many systems have inherent time delays. If the time delay used for the controller
design does not coincide with the real process time delay, the close-loop system can be
unstable or may cause the efficiency loss. Identification of linear systems with an unknown
time delay is an important primary task for system analysis and control design.

The most of the conventional system identification techniques, are essentially the
gradient-guided local search methods. They require a smooth search space or a
differentiable performance index. If the solution space is multi-modal, the conventional
approaches can easily fail in obtaining the global optimum, and may be stopped at local
ones.

There are several methods of identification of the time delay and plant dynamics and
this problem is being continuously developed. The paper considers the problem of
parameter estimation for continuous-time MISO systems with unknown time delays from
sampled input-output data. The iterative separable nonlinear least-squares (SEPNLS)
method and global separable nonlinear least-squares (GSNLS) method are presented.
This method is extended by using the simulated annealing (SA) - stochastic global-
optimisation techniques. The SA method permits sometimes to go to the worse solution
and jump out of a deep local attraction area. The simulation results presented in the paper
show that the simulated annealing global separable nonlinear least-squares (SAGSNLS)
methods are successful in reaching the global optimum

Paper 0137: Two-stage ldentification of Wiener Systems with Fin ite Memory
and Noninverse Nonlinearities
P. Wachel

The paper deals with the problem of recovering Wiener systems with finite memory and
noninverse nonlinearities. The proposed two--stage parametric--nonparametric method
allows to identify both dynamic and static parts of the system by correlation technique and
kernel estimate, respectively. It is assumed that the length of impulse response of dynamic
subsystem is known. On the class of admissible nonlinearities we impose only mild
nonparametric limitations. Moreover, we assume that output of the system is contaminated
by the additive disturbance. In the first step of the method the dynamic subsystem is
identified parametrically. Next, the estimate of internal signal is introduced and the
nonlinear characteristic is recovered nonparametrically. The asymptotic behavior of
proposed estimates is established. The results of numerical experiments are presented
and discussed.
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Paper 0195: Accurate Frequency Domain Modelling of an Electric Furnace
B. Vodros, |. Kollar

A laboratory-scale electric furnace is investigated in this paper. The main focus is on
the temperature dependent behavior of the furnace. The objective is to build up a
temperature dependent model that is capable to describe the furnace in a wider
temperature range.

Electric furnaces behave differently in different temperature ranges. This means that
the furnace can not be modelled with a simple linear model around a given operation point,
but at least a temperature-dependent model or a set of models, depending on the
temperature should be used to describe the furnace. Even if the models at different
operating points are well known, the controller of such furnaces must use several
parameter sets, one for each operating point. This causes a transient when the controller is
switched from one setpoint to the other.

However, if the furnace could be identified with only one temperature dependent model,
and the control of the furnace could be based on this model, the switching transients could
be eliminated.

In this paper a small laboratory-purpose electric furnace is investigated with the aim of
describing one temperature dependent model of the furnace for a wide temperature range.
After introducing the preliminary measurements and its consequences, the enhancement
of the measurement technique is shown. The very long-term measurements executed will
be described in this paper. The analysis of measurement data and a possible temperature
dependent model will be shown as well.

Observing the difference of the measured frequency response functions, it can be
stated that the temperature dependent behavior of an electric furnace can be modelled by
an additional transfer function.

One possible solution is to combine the setpoint models linearly with the weighted sum
of the setpoint transfer functions. This can be considered as a “linear interpolation” of
models between the setpoints.

The conditions of accurate furnace measurements, the important parameters and a
possible measurement setup have been defined. Based on the accurate measurements
high quality frequency domain furnace models are computed.

Analyzing the power spectra measurements it is stated that the transfer function of an
electric furnace changes with temperature. This change has been measured and
guantified. Using some setpoint models the behavior of the furnace between the setpoints
is described. Measurements have confirmed that the setpoint models can be “linearly
interpolated”.

Paper 0158: High-precision Analog CMOS Maximum and Minimum Circ  uits
for Fuzzy Inference Engine
M. M. Elkhatib, D. J. Hamilton, J. J. Soraghan

In this paper, new high-precision CMOS analog circuits performing the MAXIMUM and
MINIMUM operation are presented where can be used in fuzzy inference engine
implementation. The proposed circuit shows low dependence on the process parameters
and low relative error up to 0.48%. A theoretical analysis and simulation results are given.
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Paper 0180: Active Filters Based on Bond Graph Models
G. Gonzalez-A, R. Tapia
Keywords : Modelling, Bond Graph, Active Filters

In this paper a bond graph model of an operational amplifier (op-amp) is proposed. This
model considers the input and output resistances, the open loop gain, the supply voltages
and the slew rate of the operational amplifier. Since an op-amp is a multistage amplifier, it
can be represented by Fig. 1.
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Fig. 1. Operational amplifier bond graph model.
The active filters, low-pass, high-pass, band-pass and reject-pass on the physical
domain are presented. In addition, the frequency response of each filter is obtained. In

particular a first order high-pass filter on bond graph model is shown in Fig. 2.
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Fig. 2. Bond graph model of a band-reject filter.

The mathematical model of the filter can be determined. However, we use the software
20-sim to know the performance of the filter on the physical domain. The frequency
response of the reject-filter is shown in Fig. 2.
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Fig. 2. Frequency response of the band-reject filter.
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Paper 0177: A Model for a Second-Order Continuous-Time Linear T  ime-
Varying System with Fully Configurable System Modes
M.A. Gutiérrez de Anda, L.A. Sarmiento Reyes, J. Piskorowski, R. Kaszy ski

In this article, a model for a second-order linear time-varying (LTV) system whose
system modes can be arbitrarily adjusted will be presented. The modes of the filter are
similar to those of a second-order linear time-invariant (LTI) system. However, the damping
ratio and the undamped natural frequency associated to the modes of the LTI system
may be freely modulated in the LTV system at any variation rate. The damping ratio may
be even adjusted to a negative value and the system may still show a stable behaviour
provided that some constraints are respected. Simulations are presented to demonstrate
the performance of the model. It was demonstrated that the proposed model has a stable
behaviour provided that a set of stability constraints are observed. It was shown via
simulations that the response of the proposed model reaches with a smaller overshoot its
steady-state response compared to the response of a LTV lowpass filter proposed
previously.
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Paper 0279: Robust Control Structure with Fuzzy Nets
A. Herberg, S. Domek
Keywords : model following control, local models network, local controllers network, fuzzy systems

Definition and the concept of fuzzy sets originally was introduced by L. A. Zadeh in
1964. Since then a lot of papers devoted to fuzzy systems has been published, where
practical applications, advantages and disadvantages of these system have been
described. One of the chief areas where fuzzy systems are applied is the control of
nonlinear plants, and one of the most popular and effective methods of such control is
employing the Takagi-Sugeno local models network (LMN) or fuzzy switched local
controllers network (LCN). However, this approach does not ensure enough robustness to
variability of control plant parameters, its perturbations or indeterminancy of the model
used for controller tuning.

One of the easiest methods to increase the robustness of the control system is the use
of the model following control (MFC) structure. In the paper an effective method for robust
control of perturbed nonlinear processes is proposed. The method is based on a two-loop
fuzzy model following control system (FMFC) containing a nominal model of the nonlinear
plant in the form of a fuzzy local models network, and two controllers: the main one in the
form of a fuzzy local controllers network and the auxiliary fuzzy PID controller. In the paper
basic advantages of the model following control (MFC) structure have been shown, and
the way the Takagi-Sugeno fuzzy models may be employed to synthesize the main
controller. Also, a method for synthesis of the auxiliary controller is presented. The
proposed structure has been tested for control performance with a perturbed plant. Results
of tests lend support to the view that the structure may find wide application to robust
control of nonlinear plants, and at the same time it is easy to implement in commonly used
automatic equipment, such as programmable logic controllers (PLC) or programmable
automation controllers (PAC).

The paper is structured as follows. First, the idea of the Takagi-Sugeno method is
reminded. Next, it is described a method for designing local controllers, which switched by
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the fuzzy system, act on the nonlinear plant depending on the local operation point. In the
next chapter basic properties of the MFC structure are described, and a fuzzy FMFC
structure for robust control of nonlinear plants is presented. The structure is composed of a
nominal model of the nonlinear plant in the form of a fuzzy local models network, and two
controllers: the main one in the form of a fuzzy local controllers network and the auxiliary
fuzzy PID controller. Finally, in chapter IV results of experiments carried out are given. The
proposed FMFC structure has been compared with the standard PID structure and the
single-loop fuzzy TS structure. Conclusions and bibliography round off the paper.

Paper 0091: A Flexible Control for Galvanizing Plant
R. M. Gisko, A. D bowski

The paper presents an idea for solving problems with flexible scheduling and single
production line working as a no-wait flow shop. This idea can be used in galvanizing auto-
mated line for production planning and control. According to the forceful growth of demand
for galvanizing plants and from variety of production and economy requirements, they are
appeared many orders for developing of new flexible control algorithms. These algorithms
have to realize schedule of production process and they also include the transport of
details carried between working stations, and they should be applied to the control of
galvanizing machines in the real time.

The aim of this paper is to develope an efficient scheduling algorithm for the galvanizing
plant production process. Stock of machine tools can be organized in different
configurations; one of them is the flow shop system. It means that all operations of each
job are executed on the processors in a sequence defined by the number of processors. In
the treatment process, each detail runs alternately in plating tanks with required liquid
medium without go-back possibility. It means that next treatment must be executed on one
of the next planting tanks in the processing line. In the single planting tank, at the same
time there can be one detail only. All planting tanks placed together that are of the same
type create groups of single chemical treatment type in the production line. Each detail
cannot be transferred between planting tanks belonging to the same group. In addition,
time between end operation and the beginning of the next one must be as small as
possible (no-wait). This condition appears from the need of saving the production
technology procedure..

The stock of machine tools consists of n-operations and each i-operation corresponds
to ki stations (planting tanks). Each treatment group is signed as Mi. In our case we have n
different treatment groups M1, M2, ..., Mn. There are given a set of r jobs J1, J2, ..., Jr that
are executed on the n treatment group. Each job Ji consists of n sub jobs Ji,1, Ji,2,..., Ji,n.
These sub jobs must be executed in sequence: start Ji,1 on treatment type group M1, Ji,2
on M2 and up to Ji,n on Mn.

Transport between planting tanks is realized by special industrial carriages which run
on the same running rail, so that none of them can be passed by another one. However
methods of production optimalization are well-known and used in many resource planning
tasks, scheduling of transport carriages during flexible control in galvanizing plant is much
more complex and difficult problem

The aim of the transport scheduling is to find such a control strategy for carriages which
allows realization of all jobs. The solution of that problem has been based on a recurrent
algorithm which resolves the group of the same subproblems. The class of subproblems
contains a set of cases which precludes generating transport order for the carriage in
particular situation as for example: busy carriage problem, collision with another carriage,
carriage’s movement range problem, etc. The transport problem is the main difficulty of
flexible control for galvanizing plant. In addition, the transport problem cause difficulties
with continuity keeping of production process and technological time limit. It is very
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important, because the started production process cannot be interrupted. In case interrupt
of production process, its possible that treating details start corrode. It means that the
flexible control system must take into consideration current production process during
computation a new control for changed conditions. Efficiency of that production line
strongly depends on the amount of carriages, chemical tanks structure, executive recipes
of details etc. In the galvanizing plant, the flexibility of production process control is such
important as its efficiency. Obtain the flexibility and the best efficiency at the same time is
difficult, so in practice suboptimal efficiency with flexibility is acceptable.

Paper 0191: Deghosting Methods for Likelihood Ratio Track-Befor e-Detect
Algorithm
P. Mazurek

In the paper a few methods for deghosting in tracking systems based on Likelihood
Ratio Track-Before-Detect algorithm are presented. Ghost are bearing measurements
phenomenon that occur in multitarget multisensor tracking systems. Using triangulation
and two sensors signal from target can be combined and distances measured.
Triangulation needs calibration of sensor's external parameters — relative position of
sensors and spatial orientation are necessary. If system is calibrated, cross point position
is estimated using triangulation algorithms. Due to measurement and calibration errors
cross point is obtained using optimization algorithms because lines do not cross in a single
point. For single target it is a trivial task. Assuming only two targets and two sensors it is
not possible to find correct results even if targets are well spatially separated and well
visible.

Spatial constraints in TBD tracking

Spatial constraints are related to allowed area where target can be. True target can be
available only in allowed area. It is possible that ghost moves over restricted area and will
be eliminated.

Kinematics constraints in TBD tracking

For two targets two ghosts are available. If targets move, ghost also moves. Because
there are known velocity limitations for targets, one of them can be detected because is too
fast. In considered TBD algorithm new state depends on Markov matrix. Because every
subspace is assigned to appropriate motion vector new measured data influence on
integration process if target motion is described by Markov matrix. If target moves faster
than Markov matrix allows, likelihood values in state space for this ghost is low value.
Using multiple sensors

Increasing the number of sensors allows integrating data much better. In place where
true target is located values increase much more than values where ghosts are located. If
more sensors are used the number of ghosts increases but values for correct target
increase also. Depending on target and sensor configuration some of ghosts have high
values and can not be removed. Tracking example selected details for two targets and
three bearing only linear sensors in case of Gaussian noise are discussed. Difference
between targets and ghost LLR's will be higher if more sensors will be used. This is
recommended way because TBD algorithms computation cost depends especially on
motion update formula (1b). Cost of information update formula (1c) is much smaller.
Additional knowledge about targets (targets attributes)

Track before methods are well suited for additional knowledge incorporation. If vision
based sensors are used and multispectral images are available using this algorithm state
space can be expanded or measurement likelihood appropriately designed and tracking
will be improved. If targets are different by spectra ghosts will consist both spectra
components and can be detected. This is very promising research area topic.
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Paper 0281: The Natural Gradient Algorithms of the Blind Source Separation
for Non Gaussian Signals
J. Gorecka

The paper presents selected adaptive algorithms of the blind source separation and
compares the performance of three separation algorithms of the source signals in the
presence of Gaussian noise.

In this paper, it has been presented how sensitive the separation algorithms are for
different levels of noise and the number of speech signals.

The experiments have been performed for the family of Natural Gradient algorithms
based on stochastic gradient methods and using only higher order cumulant functions of
the outputs. In both cases, all algorithms have been corrupted by the additive noise.
Choice of these algorithms is not accidental, because these algorithms should be
insensitive to the additive Gaussian noise.

The performance of three chosen algorithms have been implemented in MATLAB
software. For verification quality of separating well-known source signals have been
artificially mixed well-known full rank  mixing matrix. In the following step, it has been
added to Gaussian noise for different signal-to-noise ratios SNR. In the end, the algorithms

are compared using the two measures: the Performance Index and coefficient € - the
difference between an estimate of source signals and original source signals . All results
are shown in the plots.
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Plenary, PL-Rogers: lIterative Learning Control - Algorithms, Robustness and
Experimental Benchmarking

Concerto I, Il Room, 9:00 - 10:00

Chair: J.C. Willems

Paper PL-Rogers: Iterative Learning Control - Algorithms, Robustness and
Experimental Benchmarking
E. Rogers

Keywords : Iterative learning, robotics, experimental benchmarking

Iterative learning control is a technique especially developed for application to
processes which are required to repeat the same operation over a finite duration. The
exact sequence of operation is that the task is completed, the process is reset and then the
operation is repeated. Applications are widespread among many industries, e.g. a gantry
robot which is required to place items on a conveyor under synchronization as part of a
food manufacturing process. In effect, iterative learning control exploits the fact that, once
a single execution of the task is complete, the input control action and output response
produced are available to update the control input for the next trial and thereby sequentially
improve performance. Moreover, it may be possible to undertake the required
computations during the time between completing one execution and the start of the next.
This presentation will give an overview of some very significant recent progress in this
general area, including results from experimental benchmarking, and also some areas for
on-going/future research are noted.

Wednesday, 29th August, 2007
Invited, IS2: Sliding mode control

Concerto I, Il Room, 10:00 - 11:00
Chairs: A. Bartoszewicz, D. Selisteanu

Paper IS2-01: Sliding Mode Control of a Linear Axis Driven by Pne  umatic
Muscle Actuators
H. Aschemann, M. Widder, D. Schindele
Keywords : Sliding mode control, nonlinear systems, differential flatness, disturbance observer, servopneumatics
This paper presents a sliding mode trajectory control scheme for a guided carriage
driven by an antagonistic pair of pneumatic muscle actuators. Modelling results in a system
of four nonlinear differential equations including polynomial approximations of both the
volume and the force characteristics of the pneumatic muscles. It is shown that the
carriage position and the mean muscle pressure as controlled variables represent flat
control outputs. Therefore, the differential flathess of the system is exploited in combination
with sliding mode techniques to stabilize the error dynamics in view of unmodelled
dynamics. Additionally, model uncertainties in the equation of motion like nonlinear friction
are counteracted by an observer-based disturbance compensation. Experimental results
show an excellent control performance.
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Paper 1IS2-02: High Frequency Control Strategies for a Continuous
Bioprocess: Sliding Mode Control versus Vibrational Control

D. R. Selisteanu, E. I. Petre, D. G. Popescu, E. G. Bobasu

Keywords : Sliding mode control, Vibrational control, Bioprocesses

A desired change in the behaviour of a system can be accomplished using classical
feedback or feedforward control techniques. The problem is that these strategies require
on-line measurements. In some cases, the instrumentation is not available or is very
expensive. This is the case of the bioindustry, where the cheap and reliable
instrumentation is missing. Moreover, the biotechnological processes are strongly
nonlinear and the process parameters are highly uncertain. In order to overcome these
difficulties several strategies for the control of bioprocesses were developed, such as
adaptive approach, vibrational control, sliding mode control, fuzzy and neural strategies
etc.

This paper deals with the design of two “high-frequency” nonlinear control strategies for
a prototype of continuous bioprocesses. The prototype biotechnological process takes
place into a Continuous Stirred Tank Bioreactor (CSTB). This bioprocess is strongly
nonlinear and furthermore the process parameters are highly uncertain. The proposed
control strategies are the sliding mode control and the vibrational control, which are high-
frequency control techniques, obviously high-frequency relative to the natural frequency of
the system.

Sliding mode control (SMC) has been widely accepted as an efficient method for control
of uncertain nonlinear systems. In this work, a sliding mode based feedback strategy is
presented for the asymptotic output stabilization of the nonlinear system describing the
bioprocess. The feedback control law is achieved using a combination between exactly
linearization, sliding mode control, and generalized observability canonical forms. In order
to implement this SMC law, an asymptotic observer can be used for the reconstruction of
unmeasured states.

Vibrational control (VC) is a non-classical open-loop control method proposed by
Bellman, Bentsman and Meerkov in 1980-1986. This technique does not require
measurements of states or disturbances. Applications of the vibrational control theory can
be found for: stabilization of plasma, lasers, chemical reactors etc. The VC technique is
applied by oscillating an accessible system component at low amplitude and high
frequency. Therefore, this technique can be considered, like the SMC, a form of high-
frequency control. But, unlike the SMC, the amplitude and the frequency of the control
input are constants and independent of the state of the system, so this technique is a form
of open-loop control. A vibrational control strategy is developed for the nonlinear CSTB.
The existence and the choice of stabilizing vibrations, which ensure the desired behaviour
of the bioprocess, are analysed.

Comparisons between the nonlinear control methods are provided, and numerical
simulations are included in order to test the behaviour and the performances of the
proposed high-frequency nonlinear controllers.

Paper IS2-03: Sliding Mode Observers for Quanser Rotational Exper  iments
D. G. Senderescu, D. R. Selisteanu, C. A. lonete, E. I. Petre
Keywords : Sliding mode observers, Flexible beam, Inverted pendulum, Robust control

The problem of controlling uncertain dynamical systems subject to external
disturbances has been an issue of significant interest over the past several years. Many of
the proposed control strategies suppose that the state variables are available; this fact is
not always true in practice, so the state vector must be estimated for use in the control
laws. In the past, several types of observers have been designed for the reconstruction of
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state variables: Kalman filter, adaptive observers, high gain observers, sliding mode
observers and so on.

The paper deals with the design and the implementation of some sliding mode
observers for two benchmark Quanser rotational experiments. The real mathematical
models of the systems are very complicated, so for control purpose simplified models are
typically used. In general, the models of the rotational experiments are derived using
Lagrange’s energy equations, and consequently generalized dynamic equations are
obtained. Using the formulas of the kinetic and potential energies, from the generalized
dynamic equations we obtained linear models expressed by ordinary differential equations.
The first Quanser experiment is a rotating flexible beam, which consists of an elastic beam,
with high flexibility, fixed at one of its free end onto a rotational base. In recent years,
various strategies were developed in order to control flexible beams: adaptive control,
robust control, different sliding-mode control strategies, fuzzy control and some combined
methods. The control goal is to achieve the flexible link position control, and to damp the
arm vibrations. The second Quanser experiment is a rotary inverted pendulum module that
consists of a flat arm at the end of which is a hinged potentiometer. The inverted pendulum
is a classic problem in dynamics and control theory and widely used as benchmark for
testing control algorithms (PID controllers, neural networks, genetic algorithms, etc). The
inverted pendulum is mounted to the hinge. In order to obtain useful models of the
Quanser experiments for control purposes, linear approximations of the nonlinear models
are derived.

For the control purposes, a linear quadratic gaussian/loop transfer recovery (LQG/LTR)
robust method is developed. The LQG/LTR theory is a powerful method for the control of
linear systems in the state-space domain. This LQG/LTR technique generates controllers
with guaranteed closed loop stability robustness property even in the face of certain gain
and phase variation at the plant input/output. To facilitate the implementation of the
LQG/LTR controllers, a suitable estimate of the state vector must be constructed. Two
types of sliding mode observers are designed for the Quanser experiments: observers
based on the equivalent control method (the so-called Utkin observers) and a modified
version of the Utkin observer, proposed by Edwards and Spurgeon. In order to verify the
performances of the proposed observers and control algorithms and to test the behavior of
the controlled system, numerical simulations and real experiments are achieved.

Wednesday, 29th August, 2007
Regular, OP: Optimization

Norwid | Room, 10:00 - 11:00
Chairs: D. Popescu, M. Mahjoob

Paper 0062: An Efficient MPC Algorithm Integrated with Economic
Optimisation for MIMO Systems
M. awry czuk, P. M. Marusak, P. Tatjewski

When dynamics of disturbances is not much slower then the process dynamics a
classical multi-layer approach is not sufficient — as a result smaller than expected profits
are obtained. The solution would be to increase the frequency of intervention of the local
optimisation layer. However, it has rather limited applicability. The other approach to this
problem is to add to the predictive control algorithm a supplementary, steady-state target
optimisation. That means the necessity of solving three optimisation problems (including
the MPC optimisation task). As alternative, a computationally efficient predictive algorithm
with integrated control input and set-point calculation detailed in the paper can be applied.
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The idea of the proposed approach consists in integrating the economic optimisation
and MPC algorithm into one optimisation problem. In order to make the resulting
optimisation problem an easy to solve quadratic optimisation task, the linearisation of the
steady-state process model is used at each algorithm iteration taking into account the
current state of the plant. The systematic method of the integrated controller design is
presented followed by comprehensive simulation results for a MIMO system.

Paper 0120: Optimal Covariance Tracking for Linear Discrete-tim e Stochastic
Systems
S. Baromand, H. Khaloozadeh, M. R. Rajati

Covariance control theory provides a parameterization of all controllers which assign a
specified state covariance matrix to the closed loop system. Such controllers are not
unique. In this paper we obtain the analytical expression for the optimal covariance
controllers such assigning a given matrix P as a state covariance matrix to a system. This
paper investigates the design of the control signal u(k) to achieve state covariance tracking
for stochastic systems via state covariance feedback. In this sense, our algorithm is
essentially different because this algorithm does not involve the state feedback for
covariance control but makes use of optimal covariance feedback to force the covariance
of states of the system to reach a pre-specified steady state value.

Paper 0267: Sequential Evolutionary Optimization in Designing R obust
Extended Unknown Input Observers

P. Pr tki, M. Witczak, J. Korbicz

Keywords : unknown input observers, evolutionary algorithms, stable distribution, robustness analysis, monte
carlo simulation, statistical learning.

The paper deals with the problem of designing an extended unknown input observer
EUIO for discrete-time nonlinear systems. The main advantage of EUIO manifests itself in
the fact that with its help it is possible to tolerate a degree of model uncertainty as well as
disturbances which can occur in all industrial systems. In particular, an approach that can
be used for increasing the convergence of the EUIO was proposed and carefully
described. It is shown that the problem of increasing convergence rate of the observer can
be treated as a structure selection and parameter estimation problem of a nonlinear
function. Namely, the observer performance can be significantly improved with appropriate
selection of the instrumental matrix Q, which for stochastic systems stands for the
covariance matrix of a measurement noise. In the paper it is explained how the matrix Qy
can be associated with output error vector by using spline approximation method.
Moreover, its exact functional form was found by applying evolutionary optimization
techniques. Since the objective function is formulated as a integral over multidimensional
region of initial conditions its analytical computation is substituted by Monte Carlo
evaluation. In spite of the fact that the distribution, obtained in this way estimator, is
generally unknown, the so-called Chernoff inequality is used as a tool that allows to control
the quality of the estimator. In order to avoid the unacceptable time of computation the
sequential evolutionary algorithm is presented. The main advantage of the proposed EUIO
is that its convergence rate is maximized for the whole set of possible initial conditions X
but not only for a single and fixed initial condition. This superiority was clearly exemplified
on an example regarding state estimation of an induction motor. Indeed, the performed
experiments clearly show profits that can be gained while using the proposed approach.
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Paper 0059: Extended Jacobian Inverse Kinematics Algorithm with Control
Constraints for Mobile Manipulators
M. Janiak, K. Tcho

In this paper we study the problem of defining an inverse kinematics algorithm for
mobile manipulators that respects the control constraints. Mobile manipulator is a robotic
device composed of a mobile platform and a stationary manipulator mounted on the
platform.

The inverse kinematics problem, for a control system representation of robot
kinematics, consists in computing a control input, driving the platform and the joints of the
onboard manipulator, such that the system's output reaches a desirable point of the
taskspace at a prescribed time instance. There exist many Jacobian inverse kinematics
algorithms based on the continuation method which can be used to solve this problem.
Typically, these algorithms don't take into consideration either the robot state or control
constraints, what is a serious disadvantage.

In order to address the constraint problem we use a design procedure specific to the
extended Jacobian inverse. Our main result consists in proposing an augmenting
kinematics map, based on the minimization of a certain objective-penalty function that
penalizes the algorithm for approaching the control bounds.

The performance of our extended Jacobian inverse kinematics algorithm has been
illustrated with computer simulations of a kinematic car-type platform equipped with an
RTR onboard manipulator. The computer simulations have confirmed desired performance
features of the algorithm, and simultaneously demonstrated its fast convergence and very
good accuracy. Also resulting taskspace trajectories have been smooth and intuitive.

Paper 0157: Analog Fuzzy Robot Motion Planner
M. M. Elkhatib, D. J. Hamilton, J. J. Soraghan

A fully CMOS voltage mode analog fuzzy motion planner for real time navigation of a
car-like robot in a dynamic environment is presented. The system based on a complex rule
base is inspired by human capabilities and uses Takagi-Sugeno fuzzy inference for the
rule evaluation. The system benefits from the analog design advantages of occupying a
small silicon area, high speed and low power consumption. New accurate MAX and MIN
circuits are introduced. The controller is simulated and verified by comparing the outputs of
the design on SIMULINK with those from an analog implementation.

Paper 0238: Histogram-based Matching Methods for Mobile Robot
Orientation Correction
L. Banjanovi -Mehmedovi
Keywords : Mobile robots, Position control, Transforms

Mobile robot localization is the problem of determining the pose of a mobile robot under
complex measurement uncertainties. Orientation estimation accuracy greatly influences
the position estimation accuracy and is crucial for reliable mobile robot localization.
Comparison of polar or angle histograms and their use for mobile robot orientation

79



correction is the topic of this part of research. Two methods for histogram scans transform
are proposed: Obstacle Vector Transform combined with polar histograms and Angle
histogram combined via Hough transformation with a non-iterative algorithm for
determination of end points and length of straight-line parts contained in obtained
histograms. Experimental results in scope of Soft-reduced Hypotheses based global
localization approach with mobile robot Pioneer 2DX, show that 2-metric is the best
matching metric for polar/angle histograms comparing. Both Obstacle Vector Transform
based polar histogram and Hough Transform based angle histogram methods give good
solutions for robot self-orientation correction in environments with significant magnetic
interference and a worth alternative to the use of magnetic compass.

Wednesday, 29th August, 2007
Regular, DS: Discrete Systems

Reymont Room, 10:00 - 11:00
Chairs: A. Krélikowski, E. Roszkowska

Paper 0054: Design of Digital Control Systems via LMI
A. Krélikowski

The paper considers a digital design of time-invariant systems in the case of step-
invariant (ZOH) and bilinear (Tustin's) discretization methods. The design problem is
formulated in the framework of

linear matrix inequalities (LMI). Simulation tests are presented for two exampes. A
closed-loop stability and a matching error of the digitally designed control systems are then
discussed with respect to the sampling period.

Paper 0070: Overall Control of Textile Air Conditioning System Based on
Self-Learning
D. Li, H. Zhou, S. Shao

From all these references, the control methods treat air supply, chilled water and
cooling water systems as independent circulations. Since AC system shows strong
characteristics of time delay, the AC terminal cooling capacity is determined by the
temperature difference of the supply chilled water and return chilled water, which make the
time delay even worse, therefore the mismatch between the cooling capacity provided by
chilled water system and the cooling capacity needed by the workshop air supply system is
inevitable. The proposed system self-learning control approach based upon energy
matching, has been proved to be successful in resolving the problematic mathematical
modeling of the nonlinear time-delay AC system. As the energy supply for each parts of
the AC system distributed with equilibrium by matching, time-delay is reduced and the
overall performance of the AC system has been improved while overall energy
consumption has been decreased. By comparing the actual test results of those running in
the self-learning control manner and those running in the traditional fixed flow rate way, as
to the water circulation subsystem which consisting of chilled water and cooling water, the
former method shows a decrease up to 71 percent in energy use (based on the tests of
transitional season), in addition, another five percent decrease in energy consumption of
refrigerator has also been reported.
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Paper 0123: Balancing Real and Reactive Power with Real and Rea ctive
Regulation Reserves in Power Systems

M. Rogulski, E. Toczy owski

Keywords : load flow analysis, power generation dispatch, active and reactive power flows, ancillary services

Balancing power in every energy system demands use of complexity model which
takes into account system constraints and specific of power flows. Additional problem is
uncertainty of real demand in the planning stage. It is considered by the System Operator
through purchasing regulation reserves, which assure secure and control in the power
system. However, very significant is to define a method of dispatching many commaodities
and services (e.g. power and regulation reserves). The desired model of joint balancing
many commodities requires such an allocating of active and reactive power flows in
transmission network that it would be possible to use any combination of reserves which
would satisfy the network constraints.

In present article we consider a security constrained balancing problem for joint
balancing of the electric power and regulation reserves under presence of the security
constraints with multiple scenarios of usage of regulation reserves. We formulate and test
a simultaneous integrated dispatch of the real and reactive power, which must be balanced
at the planning phase, with the regulation power, which is taken from real and reactive
regulation reserves in real time. This approach extends the standard OPF-AC model
formulation. For solving the proposed non-linear model is used linearized fast decoupled
load flow method.

The model with all possible scenarios ensures feasibility of delivering active and
reactive power required from reserves, so that all transmission constraints in the system
are satisfied. However, the number of possible scenarios is exponential in the number of
nodes with variable loads that require power reserves, thus approximate optimisation
methods that provide efficient and fast solutions for the security constrained balancing
problem are presented.

For the presented approximate algorithms the obtained solutions are compared with
solutions obtained by the complete model with all scenarios and with solutions obtained by
the simple zonal model. The results of numerical experiments show high efficiency of the
presented algorithms.

Wednesday, 29th August, 2007
Invited, IS2: Sliding mode control

Concerto I, Il Room, 11:30 - 13:10

Chairs: A. Bartoszewicz, D. Selisteanu

Paper 1S2-04: Sliding Mode Control of a Shape Memory Alloy Based Hopping
Robot
N. Bizdoaca, A. Petrisor, I. Diaconu, E. Bizdoaca
Keywords : Hopping robot, Sliding mode control, Shape Memory Alloy

Robots that have legs possess many advantageous qualities. Such technology
promises to give machines a tremendous step forward in manoeuvrability and versatility.
With legs, a robot is able to quickly change its direction of motion, step over obstacles, and
execute other manoeuvres that legged animals easily execute, but that man-made
machines cannot. Such technology is ideal for manned or unmanned planetary exploration
and for mining planetary surfaces in our solar system and beyond. In addition to increased
manoeuvrability, legged robots are able to perform delicate tasks requiring motion while in
contact with the ground.
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In first part of this paper, a short description of hopping robots and shape memory alloy
(SMA) applications potential is presented. The use of shape memory alloy can sometimes
simplify a mechanism or device, reducing the overall number of parts, increasing reliability
and therefore reducing associated quality costs. Because of its high rezistivity of 80 — 89
micro ohm-cm, nickel titanium can be self heated by passing an electrical current through
it.

The second part of the paper introduces a simple mathematical model for a hopping
robot, enhancing, based on numerical simulations, the advantages of using SMA spring in
hopping robot structure. The robot is regarded as a “point mass” with a springy leg
attached to the mass. As a first approximation, one can think of the spring as the tendons
in the leg. By contracting muscles, the animal changes the force of the leg spring, enabling
it to bounce off the ground. When in flight, we assume that the animal is able to swing the
leg so that it will point in a new direction when the animal lands on the ground. At landing,
the leg shortens, compressing the spring.

In the third part of the paper, a sliding mode controller is proposed, in order to improve
the performance of the robot for in place and forward phase. These control systems are
suitable for hopping robot, which impose, because of the unpredictable character of
contact surface, a very rapid response and many uncertainties. The controller structure
applied to this case has remarkable performances. Some numerical simulations are
presented and compared.

The simple model, used in numerical simulations, roughly explores the potential of SMA
spring based hopping robot. A more complex model can expose all the advantages of
using SMA spring in construction of hopping robot. A real problem for this type of robot
consists in energising sources for heating SMA spring and, if is the case, in rapid cooling of
the spring. In future authors will explore the potential of more complex SMA spring based
hopping robot and will implement an experimental robotic structure, in order to validate the
numerical simulations.

Paper I1S2-05: Sliding Mode Control for Ship Course Steeringand T racking
M. Tomera, R. mierzchalski

Increased oil consumption is the reason that bigger and bigger ships — tankers are built
for transporting this raw material for large distances. Nowadays the lengths of tankers
exceed 300 m. The operation of such long ships provokes certain problems concerning the
safety of their navigation. Large dimensions and limited speeds of those ships make it
extremely difficult to perform fast manoeuvres. Due to the above difficulties, improving the
quality of control of those ships is not easy. The main problem is the limited area of the
rudder, which should be deflected by a very large angle to obtain a detectable course
change.The controllability of those ships can be improved by using an automatic control
system which is capable of changing the ship’s course in the required manner by proper
deflections of the blade rudder.

In the present article the problem of ship steering on the desired course is solved using
the non-linear sliding control. The method of the sliding control is not new and goes back
as far as to the second half of the seventies. Sliding mode control belongs to the class of
robust control methodologies and should be resistant to changes of object's dynamics
parameters and to the external disturbances, revealing no significant deterioration of
control quality. Structurally, the sliding controller consists of two components, the first of
which includes the nominal component and is usually designed for a linearised object,
while the role of the second component is to provide an additional control signal to remove
the effect of arbitrary disturbances which can affect the controlled quantity. Part of the
control signal coming from the nominal component was determined using the Igr controller.
The switching component is a nonlinear component, determined using the theory of
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nonlinear control with the aid of sliding steering. The sliding surface should be selected in
such a way that its value tends to zero and the state error also tends to zero.

The present article discusses selected configurations of the control system for
controlling the ship on its course. The constructed control system bases on the principle of
non-linear control making use of the sliding controller method. To achieve optimal quality of
the control, its parameters are to be tuned. This process is extremely time-consuming and
the source of numerous problems, especially for inexperienced control system designers.
Therefore in the article the system was adopted of automatic tuning of controller’s
parameters with the aid of genetic algorithms that utilize the idea of evolutionary process.

The examined control system was implemented in the Matlab/Simulink environment to
perform simulation tests. In this system the mathematical model of the tanker is steered
along the course defined by its turning points, which are used for calculating the set course
angle between the present position of the tanker and the nearest turning point.

Based on the simulation tests we can conclude that the proposed system of automatic
ship steering can be effectively used for manoeuvring a tanker in course change and
trajectory tracing operations. The performed tests have proved that the sliding control
based automatic ship steering systems are very effective and can successfully replace
manual tanker steering in an open mode.

Paper IS2-06: Discrete Time Sliding Mode Flow Control in Multi - Source ATM

Networks
A. Bartoszewicz, J. uk

The paper presents a new discrete time sliding mode flow control algorithm for
connection-oriented communication networks. The algorithm is designed in such a way
that the closed-loop system stability and finite time error convergence are ensured.
Moreover, the proposed control strategy guarantees no bottleneck node buffer overflow
and full utilization of the available bandwidth. Furthermore, transmission rates generated
by the strategy are always bounded and nonnegative. Performance of the algorithm is
verified by means of computer simulations.

Paper IS2-07: Application of Sliding Mode Control to Soot Regener ation of a

Diesel Particulate Aftertreatment System
F. Su, B. W. Gordon, H. Hong

In this paper, a nonlinear high-index differential-algebraic (DAE) system model for a
typical diesel engine particulate aftertreatment system is presented. The model is proved
to be asymptotically stable at an equilibrium point, and a singularly perturbed sliding
manifold (SPSM) approach can be applied to ensure that if a controller stabilizes the
SPSM, it can also stabilize the original DAE system. A sliding mode controller (SMC) is
designed based on a transformed system model and an arbitrary designed Lyapunov
function. It demonstrated that the robust SMC can avoid impacts of uncertain bounded
disturbances of the original system. The SMC is applied to the diesel particulate
aftertreatment system and results are encouraging. Further investigations are to be
conducted on the SMC for actual diesel engine applications.
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Paper 1S2-11: Linear Quadratic Optimal Sliding Mode Controllers f  or a Single
Virtual Circuit in a Connection-Oriented Communicat ion Network
P. Ignaciuk, A. Bartoszewicz

In this paper the congestion control problem in a single virtual circuit of a connection-
oriented network is addressed. The network is modeled as a discrete time, n-th order
system. On the basis of the system state space description a novel, sliding mode controller
with linear quadratic optimal switching plane is designed. Two control laws are proposed,
each derived by minimizing different cost functionals. The first law is obtained when the
whole state vector is considered in the optimization procedure, while in the latter case the
derivation concentrates on the system output variable with additional weighting coefficient
introduced into the cost functional. Closed loop system stability is demonstrated, and
conditions for no data loss and full bottleneck link bandwidth utilization in the network are
presented, and strictly proved. Since the rates generated by the controller are always
nonnegative and bounded, the proposed scheme can be implemented in real systems.

Wednesday, 29th August, 2007
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Chairs: D. Popescu, M. Mahjoob

Paper 0255: Remarks on Single-Stage Against Multi-Stage Perform  ance
Criteria for Control Benchmarking

G. Bialic, M. J. B achuta

Keywords : stochastic optimal control, sampled data systems

In the paper single-stage and infinite-horizon performance criteria were compared with
respect to their use for control system benchmarking.

Because popular MV benchmark has numerous disadvantages other solutions which
take control effort into account like GMVC or LQG control become more significant. These
algorithms just based on minimization of single-stage or multistage quadratic performance
criteria. The paper shows that there exists a critical value of weighting factor which result in
an unstable controller design if uncontrolled system is unstable or non-minimumphase and
the simple single-stage cost function is used. For infinite horizon this problem does not
exist. Further it was shown that integral performance index, which takes intersample
behaviour into account, is more suitable for sampled-data control system design and
benchmarking.

Paper 0266: On Optimum Number of Agents for Tracking a Minimum Path in
Ant Colony Optimization Applications
F. Gholami, M. J. Mahjoob, H. Habibi

The effects of parameters influencing the result of path optimization by ACO algorithm
were studied. Investigations were conducted by simulating ACO on two paths, trying to find
the relations of key parameters affecting the result. This led to introducing a linear relation
between the ‘rate of pheromone evaporation’, r, and ‘number of agents participating’ in the
simulation, n, for each value of ‘pheromone Reinforcement’, R, (Table 1). Analysis of the
paths ratio for different ‘Scales’ of the test map led to an equation relating all the key
parameters.

The trend realized in path optimization for a certain case is illustrated in Fig.1.
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Finally, the theory was implemented experimentally. Simple mobile robots capable of
marking a trace on the ground using an evaporative ink were constructed. Based on the
simulation results, the optimum number of agents based on the properties of the ink
(pheromone) was determined. The test was performed on a plane surface including two
paths with different lengths. Robots end up choosing the shorter path as an optimum
which supports the results obtained in the computer simulations.

Fig.1 Trend of path Optimization with two paths, (R=3, r=0.7, n=14)

TABLE 1
RELATION BETWEEN PARAMETERS CASE OF100%ACCURACY

n r C Accuracy
9 0.4 0.044 100%
10 0.5 0.05 100%
11 0.5 0.045 100%

12 0.6-0.7 0.05-0.058  100%
13 0.6-0.7  0.046-0.053 100%
14 0.6-0.7 0.042-0.05 100%
15 0.7 0.046 100%

Paper 0073: LQG Control Considering Disturbances of the Scan Pe  riod
J. Cvejn

Computer-based control applications, especially if they run under general-purpose
operating systems, often exhibit variance of the scan period of processing inputs and
outputs. Although this phenomenon is usually neglected when discrete control algorithms
are used, it can cause significantly worse performance of the control loop in comparison to
theoretical case. In the paper we describe a modification of classical discrete LQG control
algorithm that takes disturbances of the scan period into account. This modification
concerns both the state estimation and generating the control output. We also show that
such a controller can be implemented even on relatively simple hardware platforms if the
system dynamics is time-invariant.

We consider a continuous time-invariant linear system

X =Fx(t) +Gu(t) +Lw (t)
y = Hx(t) +n(t).

Disturbance input W(t) and the measurement noise N(t) are uncorrelated white
Gaussian random processes. We are looking for a control history such that
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J =%E fxT(t)Qx(t)+uT(t)Ru(t) dt ® min

0

where E{} is the mean value operator, Q, R are given positive definite symmetric
matrices and t, is a large enough constant. We assume that the current state X(t) is not

known, but has to be estimated from the measurements Yy(t).

Although the system nature is continuous, the measurements and the control actions are
taken at discrete time steps t, <t <.... We assume that the scan instants are not

equidistant, but instants of past measurements are known. If the current scan time t, is

known, the next scan instants t, ,;,t,.,,... are considered as random quantities with known

expected values t_k+l,t_k+2,.... We adopt the following simple model for the sequence
t.1s tirss .., Which corresponds to many real hardware platforms:

t,=t+T, i3k+l

ﬁ(+l = tn

where fn is the least interrupt instant such that fn >t +d, di (O,T) is a known
parameter and T the period of hardware interrupts.

Paper 0074: Dynamically Optimal Trajectories Design — Generaliz ed
Discretization Method
J. Cvejn

In the paper we discuss numerical design of optimal trajectories of dynamic systems.
The method based on discretization of parameter space seems to work efficiently and
reliably for many real problems. There are several important questions discussed in the
paper, namely the way of discretization, the choice of optimization method, efficiency of
determination of the gradient of criterion and usability for free-time problems. As a
demonstration we show quadratic-optimal trajectory design of a mechanical manipulator.

We consider the optimal control problem in general form:
t
J =/ (x(t,),t,)+ f(x,u,t)dt® min
u
0
x =f(x,u,t)
with the boundary conditions:

x(0)=x,, ¥ ;(x(t;))=0.
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Additional constraints are considered in general form
g (x().u)2 0, "1 ot

Although numerical methods in continuous domain exist and were successfully applied for
real problems, approximate transformation into discrete form and solving as a large-scale
non-linear programming task is often recommended. Elementary transformation into
discrete domain is as follows:

N- 1%+
J=/(xy)+ f,(x(t),u,,t) dt® r(nl)n

k=0 t,
where the optimal sequence of values {uo, ""UN—I} is to be found.

If the optimal control history is smooth (i.e. there are no constraints on the control or they
have been included by smooth penalty terms into the criterion), for given number of
parameters it is usually possible to approximate the control history better using a
continuous or a smooth function than with piecewise constant steps. In this case, the
number of optimized parameters can be significantly lower and the computation faster and
more reliable. This generalized transformation and its properties are described in the
paper.

Paper 0252: Optimal Disturbance Rejection Using Hopfield Neural Networks
M. R. Rajati, H. Khaloozadeh, M. M. Korjani

This paper investigates the problem of disturbance rejection and its solution by means
of Hopfield neural networks. The dynamic optimization problem is transformed into a static
optimization problem via linear state space analysis methods. The parameters of the
Hopfield neural network are adjusted such that the network solves the static quadratic
optimization problem yielding the optimal control sequence. The outputs of the neurons of
the network represent the values of the optimal control signal in each time step.

In section 2, we review the optimal disturbance rejection problem. In section 3, the
classical theory of optimal control is employed to solve the optimal disturbance rejection
problem. In section 4, Hopfield neural networks are introduced briefly. Additionally, it is
shown that they are capable of solving the LQ optimal disturbance rejection problem
provided that their parameters are set properly. In section 5, some simulation results are
presented and finally, in section 6, some conclusions are derived.
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Norwid Il Room, 11:30 - 13:10
Chairs: L. Banjanovi -Mehmedovi , |. Batista

Paper 0107: Navigation Model for Mobile Robots Based on Coloure  d Petri

Nets
I. J. L. Batista, G. C. Barroso, A. T. Varela

Systems of autonomous navigation must be able to define a sequence of actions to be
taken by mobile robots endowed with a set of limited sensors, while exposed to an
unknown environment and having to serve simultaneously a set of objectives previously
specified. The scientific interest in the study of systems of navigation in unknown
environment which are subject of serving to several objectives is motivated basically by its
evident potential in industrial applications and by the fact of demanding the implementation
of complex solutions strategies. This research presents the modeling of a navigation
system for mobile robots through coloured Petri nets. The model presented here can
simulate several situations, such as: the representation of the world around the robot,
interaction with the environment, trajectory planning, robot location, battery analysis, as
well as how to serve as a basis for implementation in a real mobile robot and optimization
of the system.

Paper 0079: Application of an Extended Bidirectional Associativ e Memory
Network in Soccer Robot
H. Chang, X. Wei, Z. Feng
Keywords : Visual tracking, Neural networks, Associative processing

Image matching has been widely studied and applied which servers as a pivotal part of
visual tracking. But due to the influence of background feature, the optimal location
obtained by classical algorithms may not be the exact target location. Thus, biased or even
wrong location may be got in visual tracking. In this paper, in order to reduces the influence
of background feature, and emphasizes the importance of target feature, we present a new
learning rule and theoretical analysis of an extended bidirectional associative memory
network (MLBAM) using the maximum likelihood criterion based on three well recognized
and essential criteria, that is, the stability of this network, the convergence of the learning
rule, the error-tolerance of this network. The experimental results of tracking a red football
demonstrate that the proposed matching criterion has stronger object detection ability in
complex background, distinctly improving the peak modality of matching function.
Synchronously, we propose an interesting concept called "association capability” to explain
how a robot tracks a moving target.

Paper 0126: Optimal Path Generation for Wheeled Mobile Robots w  ith  3-
splines
C. Guarino Lo Bianco, O. Gerelli
Keywords : Mobile robots, optimal path generation, geometric continuity

The paper deals with the generation of optimal paths planned by means of 3-splines,
a recently devised planning primitive used for the automated steering of wheeled mobile
robots. Such type of primitive allows planning G3-continuity paths, i.e. paths whose
curvature is continuously differentiable. G3-continuity is a necessary condition in order to
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generate continuously differentiable control signals for unicycle-like robots and, more in
general, it represents a positive characteristic also for other autonomous vehicle. 3-
splines are planned by means of closed form expressions and always fulfill any arbitrary
set of interpolating conditions. An important advantage of 3-splines is represented by the
possibility of refining their shape, still satisfying the assigned interpolating conditions, by
acting on a set of six free parameters. On the other hand this feature poses the problem of
their optimal synthesis in order to satisfy appropriate optimality criteria. In this paper, a
local path generation is considered, thus the shaping problem must be solved online by
means of an efficient procedure. The problem is strongly nonlinear and characterized by a
very large number of local minima, so it can be solved by means of global optimization
algorithms; unfortunately this approach can only be adopted for off-line cases, since
evaluation times are normally not compatible with real time applications. Then this paper
proposes a solution for the optimal planning of 3-splines which does not require the
explicit solution of an optimization problem; a heuristic rule, to be used when computational
efficiency represents an important issue, is devised. Such heuristic procedure returns

effective solutions and is characterized by an almost zero evaluation time.
15 ————
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Above figures show results related to the proposed heuristic applied to a generic path. It
can be immediately noticed that the overall curvature and curvature derivative are kept
very small also when rough maneuvers are planned (see e.g. 54). When interpolating
conditions are compatible with circular arcs and clothoids, devised expressions generate
curves which at the best emulate such primitives. In the case of generic interpolating
conditions, the curvature derivative is strongly minimized. The planned G3-path is then
really smooth.

Paper 0134: Implementation of a Neural-based Navigation Approac h on a
Car-like Mobile Robot
O. Azouaoui, N. Ouadah, S. Aouana, D. Chabi
Keywords : Autonomous vehicles, navigation, and neural networks

This paper presents an implementation of a neural-based navigation approach on a
car-like mobile robot Robucar. This approach must provide Robucar with capability to
acquire intelligent behaviors after learning. This approach uses then three Neural Networks
(NN) to achieve the navigation task. Indeed, three behaviors are considered, namely,
collision avoidance, target localization and decision behaviors. The two first behaviors are
trained using the well-known gradient back propagation algorithm and the last one uses a
reinforcement learning algorithm. Simulation and experimental results are presented
showing the effectiveness of the overall navigation control system.
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Paper 0072: Weighted Adjoint Jacobian Inverse Kinematics Algori thm for
Mobile Robots
. Ma ek, K. Tcho
Keywords : mobile robot, inverse kinematics problem, Jacobian algorithm

This paper is concerned with the adjoint Jacobian inverse kinematics algorithm for
mobile platforms and mobile manipulators. We derive a general form of this algorithm and
propose a modification, referred to as the weighted adjoint Jacobian algorithm, that
significantly increases its speed of convergence and robustness against numerical errors.
The performance of the weighted algorithm has been illustrated with examples of the
unicycle-type mobile platform and a unicycle-based mobile manipulator.
We briefly describe basic ideas that stand behind the endogenous space approach and
give analytical conditions that guarantee a convergence of the adjoint Jacobian to the
solution of inverse kinematics problem. We present some simulations that show a very
slow and local convergence of this algorithm, and its sensitivity to numerical errors. In
order to improve the performance of the algorithm we propose some modifications that
result in converting the algorithm into a weighted adjoint Jacobian algorithm.
Traditionally, the only adjustable parameter of the adjoint Jacobian algorithm is the error's
speed of convergence |, so the algorithm takes the form

du (t *
o RO 0=+ [0 Tl K o () v
b, b,

It should be noted that very often controls uj(t) have different physical meanings (like
linear and angular velocities), so modifying all of them with the same parameter might
sometimes look irrational from the physical point of view. Our goal is to keep the physical
sense of the algorithm. Since this is generally impossible with only a single scalar
parameter , therefore our idea is to use instead of it a square mxm diagonal matrix G;.
Moreover, we shall use another square rxr diagonal matrix G, which will be used for
scaling the taskspace errors. Our proposition relies on introducing into the adjoint
Jacobian algorithm a pair of weight matrices in the following way

du (t *
U= 6, 37 0 (el ) 0=-ale") rale, K rlo () v,
d %, %,

The choice of these matrices should obey the following guiding lines. First of all, we
suggest to look at the physical units of errors, controls and elements of the adjoint
Jacobian J*qo,T (u()). Usually, these units do not match. Adjusting them is the first step of
choosing the matrices G; and G,. The second useful idea is to scale errors in order to the
make their values comparable. It has been shown in the paper that this modification
radically improves the convergence of the algorithm for the unicycle mobile robot. We gain
not only an increase of the speed of the convergence, but also an improvement in the
robustness against numerical errors. Furthermore, this modification makes that this
algorithm works in a satisfactory way for different values of the time horizon T, while the
original algorithm has had problems with this.

Finally we show how to adapt this modification to the unicycle with the onboard RTR
manipulator and show that it gives very good results.
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Chairs: A. Krélikowski, E. Roszkowska

Paper 0225: Convexity of Reachable Sets of Nonlinear Discrete-T ime
Systems
G. Reil3ig
Keywords : Reachability analysis, nonlinear difference equations, discrete-time systems

We present necessary and sufficient conditions for reachable sets of discrete time
systems x(k+1) = F(k,x(k)) to be convex. In particular, the set of states reachable at a given
time from a sufficiently small ellipsoid of initial states is always convex if and we provide
explicit bounds on the size of those ellipsoids. Our results imply that outer discrete
approximations with approximation depth exceeding $1$ can be readily computed up to
arbitrary precision. A further potential application is outer polyhedral approximation of
reachable sets, which becomes almost universally applicable if those sets are known to be
Convex.

Paper 0237: Time-Scaling of SISO and MIMO Discrete-Time Systems
B. Grzywacz

The idea for time-scaling of output signals of linear and nonlinear SISO and MIMO
discrete-time systems has been presented. It is shown, that algorithms for SISO discrete-
time systems can be useful for scaling of MIMO ones, if so-called V-model of MIMO
system can be determined and its SISO components can be scaled separately by
equipping them with correctors processing the associated state variables. Basing on the
presented idea one can speed up or slow down the responses of technical systems
conserving their reference forms. The methods designed for discrete-time systems can
also be applied in case of time-scaling of responses of continuous-time systems on the
basis of their discrete—time models.

The problem solved in the paper can be formulated as it follows:

Let signals y,(iT), ..., y4(iT) (elements of output vector y(iT)) be responses of MIMO
discrete-time system to the input signals u,(iT),..,uq(iT) (elements of input vector u(iT)).
Determine discrete-time excitations uas,..,Uaq (€lements of vector u,) which make, that
system responses are yl(iA'lT),...,yq(iA'lT), where A is positive number called “time
scale coefficient”, T — reference sample time, i — sample number.

The solution of problem formulated above has been found for class of MIMO systems
which can be modelled by means of V-models, if SISO elements — components of those
models - can be represented by state equation system of the form:

xa(i+1) = Xs()
Xa(i+1) = Xs()

Xo(+1) = F[ Xe()s Xa(i)s -eer Xea(i) ] + UCD)
y(i) = F (o Xa(i) + by Xa(i) +... by Xa(i) ]

where x4(i), X»(i), .., Xo(i) — components of state vector x(i), f and F represent static
nonlinear functions, u(i) — element input, y(i) — element output, i - sample number.

91



The examples dealing with scaling of exemplary SISO and MIMO systems are
attached.

Paper 0179: Agent Framework for Resource Sharing Systems. Forma Iy
Correct Event-driven Control
E. Roszkowska

The last few decades have withessed intensive research into the control of concurrent
flow of asynchronous processes. The investigations stem from, and were initially focused
on problems concerning data flow in computer operating systems. More recently, the
same approach has been applied in the context of job flow in flexible manufacturing
systems. The new research domain, that has been created in the bottom-up fashion, lacks
by now a more general formal representation of the considered systems, able to capture
both the existing solutions and leave room for potential further developments in this area,
or allow us to deal within the same model both with the control logics and their subsequent
implementation in controllers. As a response to these problems, in Section Il we introduce
a general framework, termed Resource Sharing Systems (RSS), for the synthesis of such
models and their correct control, based on the parallel composition of deterministic finite
state automata (DFSA). Next we propose a multi-agent architecture for RSS controllers,
directly implementing the conceived automaton model. The discussed concept is further
explained by an illustrative case of such a control development for a class of RSS.

The modular structure of the presented modeling framework of RSS allows the whole
spectrum of its implementations - from entirely centralized to entirely distributed systems.
A centralized controller will employ the composite automaton model and handle itself all
the communication with the plant. A distributed control system will be an ensemble of
agents, associated with particular resources and processes, that communicate directly one
with another, in order to exchange data that allow them to make local decisions in
accordance to the logics of the correct operation of the whole system. In this work we
present a controller that lies in the middle of the spectrum of the possible implementations.
The proposed control architecture comprises three types of agents: Resource Control
Agents, Process Control Agents, and Control Coordination Agents. The following figure
presents a controller for the considered example manufacturing cell with three machines,
that employs the discussed concept. Each agent is made up of three modules: Local Data
Base, that stores the control model, Communication module, that sends and receives
information on local event occurrence in order to synchronize the state of particular agents’
models, and Control Module, that uses and updates the model.

machine
“i-J) controllers
(JTR) resource
control
R) agents
{
process
(W.R) control
agents
‘ dispatcher ‘
k + control
(IR} 2 coordination
J.R
el M’ agents
FMC controller ‘ supervisor ‘
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Paper 0210: Analysis of Agents Speculation on Settlement Result s for
Different Types of Pricing Mechanisms
P. Paka, M. Kaleta, K. Smolira, E. Toczy owski

In the paper we present, discus and compare various methods of constraints costs
allocation on infrastructure market systems, using the intra-day power market and network
capacity constraints as an example. We briefly describe few pricing methods arising from
different approaches and compare their features experimentally. The main aim of
presented experiments is to examine incentives for market players generated by discussed
methods. We examine if market players has motivations to reveal their true marginal costs
and if trade profits are appropriately distributes among all market players and system
operator.

System constraints play an essential role in many infrastructure market systems. They
limit possibilities of commodities exchange and reduce trade profits as well as disturb
conditions of fairly market entities treatment. System constraints may also allow some
entities to gain market power. Therefore appropriate pricing and constraints costs
allocation methods are very important for the proper market performance.

In the paper we focus on inspecting incentive compatibility for the set of pricing
mechanisms on the intra-day electric power markets. We investigate how the pricing
mechanisms impacts on the producers to reveal their true costs. In the case studies we
analyze results of every pricing mechanism against the background of producers rising
their offer prices. The purpose of experiments is to examine incentive compatibility
properties of the presented pricing mechanisms. The aim of this paper is to investigate
behaviour of some number of pricing mechanisms in the case of producers which are
trying to maximize their profits by rising their offer prices.

We analyze some number of pricing mechanisms in respect of incentive compatibility
and speculation encouragements. One of studied methods, namely Location Marginal
Pricing, is widely applied in many power systems. This forces necessity that it should be a
model mechanism which can be used as reference to other, newly forming pricing
methods. Unfortunately, case study supplied us with some undesirable outcomes.

In each of studied pricing mechanism, marginal player has incentives to submit
untruthful offers. In LMP mechanism this is emphasized, because in every node exists a
marginal player. This mechanism has also more unfavorable feature, that is a selling price
in one node could be, with particular combination of flow constraints, greater than buying
price in other node. This feature is very dangerous for whole market, because some of
market entities could conclude an coalition and derive some undeserved profits. On the
other hand, mechanisms SCRB, SHAPLEY and MASIT have incentives to submitting
untruthful offers, especially for participants who are hardly restricted by a network
constraints, namely to lower their offers. The reason for submitting lower offer prices is to
obtain a compensation. The consecutive negative feature of these mechanisms is fact, that
when a marginal producer submits a truthful offer, compatible with it production cost, he
obtains small negative profit. This is an incentive to submitting a little bigger offer prices,
introduced by mechanism. Therefore if the mechanism forces us to submit a little bigger
offer, why do not rise the offer price more? This feature is very negative, because the
mechanism introduces an incentive for bidding untruthfully. Another disadvantage of LMP
mechanism is fact that the operator gain enormous surplus which should be given to
competitive market participants. In the SCRB and SHAPLEY mechanisms, operator always
gain zero profit, which is positive feature. In the MASIT mechanism operator gain very
small surplus, which came from the network cost division fact.

All inspected pricing methods, are not devoid of negative features, however broadly
used mechanism should be. Obviously, utilized framework system for testing is very
simple, but existence of some negative features on such a simple system is unacceptable.
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Chairs: J. Z. Sasiadek, Z. Kowalczuk

Paper 0060: Torque Coordination of Spark Ignition Engine based on
Predictive Control

C. Fritzsche, H.-P. Dinow, B. Lampe, M. Schultalbers

Keywords : torque control, predictive control, realtime engine control, idle speed, constraints and availability

In the paper the application and implementation of a model predictive control (MPC)
algorithm for torque control in spark ignition engine is discussed. Next to the main
manipulated variables as the throttle position there is a line of different actuating variables
that are effective frequent only in limited operational activities with different effects. A
compromise is supposed to be achieved by a choice of the available manipulated variables
for the realization of a driving torque according to different criteria from efficiency, comfort
and waste gas emission.

The well known MPC-principle seems to be an eligible candidate for a torque control
structure, because we often have available information regarding the characteristics of
setpoints (e.g. for a gear shift) and bounds during a horizon in the ECU (electronic control
unit). The presented MPC coordinates a predicted reference torque into one command
torque and different partial torques which will be used as setpoint variables for subordinate
control circuits (charge control, ignition control circuit and lambda control circuit). In these
subordinate control circuits the different torques are convert into direct actuating variables
(e.g. the throttle position or ignition angle). The process can be well modelled by LTI-
Systems because of the decoupling and linearizing effects of the subordinate control
circuits. In addition it is possible to optimize the choice of the individual manipulated
variables to realize the torque as well as to solve the requirements on efficiency, comfort
and waste gas emission.

The functional efficiency and the performance of the realized torque coordination we
show with some realtime and simulation examples of engine control problems.

Paper 0081: GPC and PFC with a Programmable Logic Controller
S. Cabaret, H. Coppier, A. Rachid, R. Barillere
Keywords : Global Predictive Control, Predictive Function Control, Programmable Logic Controllers

Predictive control algorithms have many different strategies. Global Predictive Control
(GPC) and Predictive Function Control (PFC) are two approaches from the Model Based
Control family (MBC). They provide two different ways to produce a control signal which
are both well adapted to be directly implemented in a PLC environment.

This paper deals with the implementation of the GPC and PFC control algorithms and
the application results developed with an object oriented programming approach for PLC
and SCADA industrial solutions.

The object named “MultiController” is designed to offer advanced control loop algorithm
features (GPC and PFC included) to process control engineers at CERN (the European
Organization for Nuclear Research). It is implemented as a monolithic entity (in PLC and
SCADA system) with a global structure definition which is able to capture the desired set of
parameters of any specific control algorithms proposed by the object.

Additionally the MultiController offers full tuning possibilities from the HMI (Human
Machine Interface) so that the PFC and GPC approaches are clearly usable from the End-
User application.
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Paper 0095: Model Predictive Control for UAV Formation Flying
Z. Cheng, D.N. Necsulescu, B. Kim, J.Z. Sasiadek

Unmanned Aerial Vehicles (UAVs) have attracted considerable interest in the
commercial markets for the military and civilian uses, such as surveillance and
reconnaissance, aerial surveys for natural sources, traffic monitoring, early forest fire
detection etc. This paper deals with Model Predictive Control (MPC) of Unmanned Aerial
Vehicles (UAV) flying in formation. Although UAVs present numerous advantages over the
manned aircrafts, they face challenges in various aspects of control in autonomous mode,
and even more, in formation flying. Model Predictive Control (MPC) is a possible solution
for many of those problems and is an interesting method that can be used to improve
control system efficiency and increase the level of autonomous control for UAV.

This paper deals with Model Predictive Control (MPC) of Unmanned Aerial Vehicles
(UAV). In most configurations, UAVs are designed to operate in two distinct modes: remote
control from Ground Control Stations (GCS) and autonomous control.

In GCS remote control mode, the UAV receives commands from the GCS, and at the
same time, the motion and the states of the UAV are transmitted to the GCS. The
commands are generated by an experienced pilot or by an expert system. Normally, the
ground remote control mode is used to cope with highly uncertain or unpredicted
conditions, such as takeoff and landing under complex environments, unpredicted failure of
actuators during mission and unanticipated natural disturbances. In the ground remote
control mode, UAVs are controlled by experienced pilots. Therefore, the complexity of the
controller design and configuration are reduced and the failure of UAVs can be prevented
under certain conditions. One of the most important and challenging problems in
guidance, navigation , and control of UAV vehicles, flying in formation is the trajectory
tracking by the formation as well as preservation of formation itself.

Paper 0103: Model Based Predictive Control Applied to Heat-Exch ~ angers
R.B lan, V. M tie , V. Hodor, O. Hancu, S. Stan, L. Ciprian

This paper presents some applications for nonlinear processes of a model based
predictive control algorithm. The basic idea of the algorithm is the on-line simulation of the
future behavior of the control system, by using a few control sequences and based on
nonlinear model equations. Finally, using rule based control, the simulations are used to
obtain the ‘optimal’ control signal. These issues will be discussed and nonlinear modeling
and control of a single-pass, concentric-tube, counter flow or parallel flow heat exchanger
will be presented as examples.
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Paper 0273: ldentification of Feedback-Nonlinear Systems by Mea ns of
Orthonormal Basis and Radial Basis Functions
R. Stanis awski, K. J. Latawiec, W. Hunek
Keywords : System identification, block-oriented systems, feedback-nonlinear system, orthonormal basis
functions, radial basis functions

This paper presents a new strategy for identification of block-oriented feedback-
nonlinear systems, in which a radial basis function network is employed to model a
nonlinear static part. Two different concepts of orthonormal basis functions (OBF) are used
to model a linear dynamic part, namely “regular” OBF and inverse IOBF. Unlike for regular
OBF, simulation experiments show a very good identification performance for I0BF-
modeled feedback-nonlinear systems, both in terms of low prediction errors and accurate
reconstruction of the nonlinear characteristics.

Paper 0113: Dynamic Identification of Electric Motor Velocity o n the Basis of
QR- Decomposition Technique
V. Melnikov, Y. Zigangirova, N. Shishkov

According to the results we can say about QR-decomposition technique adaptability for
identification of DC motor velocity in operating mode. In steady-state mode the
identification relative error is not more than 0,5% for field coil and not more than 0.1 % for
velocity of rotor. Number of unknown parameters of equation is increased due to difficulties
of rotor characterization. It causes to singular matrix and inaccuracy. This problem can be
solved by using step-by-step method of rotor’'s parameters definition. The first step is
definition of rotor inductance and velocity. Active resistance of rotor parameter is known.
Assumed that inductance parameter is known (step 1), active resistance, rotary rotation
are defined on the second step.

Paper 0198: Nonparametric Identification of Nonlinear Dynamics of 1st Order
of Systems Based on the Active Experiment

M. Bo kowska, A. uchowski

Keywords : identification, dynamics, nonlinear systems

A simple method of nonparametric identification of systems with nonlinear dynamics
described by differential equation of the following kind y(l)Xf(x,y)+y>f(x,y):x is presented.
The method only requires to measure the system’s output y(t) for the input x(t) with
modulated amplitude and frequency and to determine the first derivative y(l)(t). The
application of the averaged differentiation with correction allows one to evaluate the
averaged signal and its derivatives close to their real values.

Thanks to the fact that the measured window is an even function the method of the
averaged differentiation does not introduce any time shift between signals: the signals
measured for example y(1)(t0) and those who were averaged y(1)(t0)g. The corrected
signals are not shifted in relation to the measured signals, because the correction
procedure is also even.
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An active experiment ensures that a rich spectrum signal is fed at the system input. A
rich spectrum can be achieved when an aperiodic signal with modulated amplitude and
frequency is applied, for example:

x(t) = A(t) >sint w(t) +f o)

Having recorded trajectory in the Cartesian co-ordinate system X=x(t) and Y=y(t) one
should connect all the points, for which the signal y(t) reaches extreme values. In this
manner the plot of the statistic characteristic is created, as follows for y(1)(t)=0:

y> f(xy)=x
The second manner is more precise and requires plots of the averaged and corrected
courses of signals x(t), y(t) and y(1)(t). The determination of the time moments for which
y(1)(t)=0 is then quite easy and corresponds to the points of the static characteristics of the

examined object. Next, the values of the second unknown function j (t) can be defined
using all the values of both averaged and corrected signals.

Paper 0203: Least Squares and Instrumental Variable Methods in

Continuous-Time System ldentification
M. Latos

System identification is one of the most important activity in the control theory. In most
cases it is necessary to obtain only continuous in time model of system. Built-in
mechanisms in identification methods (connected with data processing) enable to obtain
parameter estimates of continuous-time models, which have lower variance than
corresponding estimates of discrete-time models.

The disturbances have a large influence on results of continuous-time system
identification. Unfortunately the most common method used for identification is Least
Squares (LS) method. However this method is not appropriate for estimating the
parameters of disturbed systems (estimates may be inconsistent). One of the ways to
overcome that limitation is to use the modified Instrumental Variable (IV) identification
method. It uses a multisine signal as a system excitation and data processing method
based on integrating signals in order not to introduce high frequencies. Creating integrated
model gives better results, because integrating operation is less error-sensitive than
differentiation. Then it is possible to identify disturbed systems, especially with
disturbances that are not satisfying Shannon sampling theorem. The IV identification
method can be easily converted into a recursive algorithm.

The aim of this paper is to present continuous-time system identification based on
Instrumental Variable and Least Squares identification methods. Continuous in time, linear,
single-input single-output (SISO) systems were identified. Data for the system identification
were collected during specially designed identification experiment and signals were
sampled uniformly or nonuniformly. During the experiment anti-aliasing filters were omitted.
Model parameters were estimated using the Instrumental Variable and the Least Squares
identification methods. The IV method allows to estimate model of highly disturbed
systems. It is worth to emphasize, that sampled signals may contain disturbances that are
not satisfying Shannon sampling theorem.

In the paper examples of simulation experiments illustrate whole process of
identification, where both methods (LS and V) are compared.
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Norwid Il Room, 14:40 - 16:00

Chairs: C. Maple, J.C. Rosete Fonseca

Paper 0199: Trajectory Tracking Control for Different Types of Nonholonomic
Mobile Manipulators
A. Mazur, J. J drzejczyk

In the paper an control law for nonholonomic mobile manipulator (a rigid manipulator
mounted on a wheeled mobile platform) has been presented. The wheeled mobile platform
has been chosen to increase the workspace of the manipulator. The choice of the platform
is not very easy - motion of such nonholonomic system depends on its class. In the paper
we have discussed the advantages and disadvantages of platforms coming from (2,1) and
(1,2) classes to construction of mobile manipulators. The manipulator has to follow the own
desired trajectory which defines a task of this subsystem.

For proper cooperation between manipulator and mobile platform it is necessary to
control the orientation of the platform. There are a lot of kinematic control algorithms
preserving the so-called posture tracking (position and orientation tracking) for the
kinematics of a wheeled mobile platforms of (2,0) and (1,1) classes (i.e. unicycle and
kinematic car). There are only single kinematic control algorithms for two other classes of
nonholonomic wheeled mobile platforms with restricted mobility, namely classes (2,1) and
(1,2), which are very difficult to control. For considered system we will use an exact
linearization control algorithm (dynamic level) and dynamic extension algorithm (kinematic
level). This control algorithm ensures a trajectory tracking for the whole mobile
manipulator.

In the paper we want to compare the behavior of mobile manipulators with platforms
from these other classes and make some suggestion for the choice of one of them as a
platform for mobile manipulator. In our considerations we discuss a dynamic model of the
mobile manipulator and we will propose some solution to the trajectory tracking problem
designed to full dynamic equations of the mobile manipulator.

Paper 0269: A New Architecture Based on a Simulation Environmen t for Four
Legged and Humanoid Robots

A. Chella, R. Sorbello, S. M. Anzalone, F. Cinquegrani, D. Caccia

Keywords : MOBILE ROBOT SIMULATION, ROBOT ARCHITECTURE, MULTIAGENT SYSTEM

This paper describes an implementation of dinfoBots robot architecture, a multi-agent
platform which has been developed by Robolab of University of Palermo.

Two features distinguish the dinfoBots architecture from other well known system
created with similar aims:

The first the flexible structure, thanks to a modular organization, allows to adapt the
same solution to very different robot as the Four-Legged Sony Aibo or Humanoid Robovie-
M robots.

The second a powerful deliberative part based on high level language Scheme allows
to easily create complex behaviour for interaction with dynamic multi-agent environment.

The architecture proposed, divides the “Sensing/Acting” chain in simpler operations, by
a “Top/Down” approach: Every operation is executed in an operative module and it is seen
like a composition of rather elementary operations.
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The operative module, called “task”, executes operations: It can be achieved directly
inside the module or be delegated to a set of sub modules interconnected in a cascade
form (ex: Vision module).

There are four processes that have already been implemented and each of them
carries out the coordination of the resolution process of high-level processes. As explained
previously, they are “Sensing”, “Control”, “Acting”, “WLan”

In order to validate the effectiveness of our proposal we developed also a robot
simulation environment based on these architecture which is able to simulate the four-
legged robot Sony AIBO and the humanoid robot Robovie-M in a three dimensional space.

In order to represent complex environments, the simulator uses a hierarchy structure; a
tree configuration stores the complexity of the scene.

Paper 0276: Incrementally Constructing Surround Roadmaps
Y. Li, D. Li, C. Maple, Y. Yue

In this paper we propose a novel path planning algorithm to incrementally construct a
high quality roadmap. We define a new type of roadmap, which we term surround roadmap
(SR), which achieves good connectivity and coverage and is small in size. The SR planner
algorithm aims to build an approximate SR while answering queries. A SR planner will
answer each query by connecting the initial and goal configurations to an existing roadmap
(obtained from previous queries) in the same way as a Probabilistic Roadmap Method
(PRM) planner does when answering queries. If the initial and goal configurations can be
connected to the existing roadmap directly, it means the existing roadmap is capable of
answering the current query. The planner will then search for a path in the roadmap.
Otherwise, the planner will use tree-based method to answer the current query. After
answering a query, the planner will decide whether the newly obtained information about
the C-space from the query is useful for further constructing the roadmap. If a piece of
useful information is recorded, the planner will check whether there is the possibility to
convert the information to form a part of a SR. Therefore, the planner incrementally
enlarges and improves the roadmap. A high quality roadmap, SR, will be eventually
constructed. Because the SR planning algorithm is based on incremental learning, there is
no pre-processing stage required before answering any query and it can be easily
extended to solve path planning problems in a changing environment. The experiments
show that the roadmap constructed by the SR planner is better than that generated using a
standard PRM planner in terms of maximal connectivity, high coverage ratio and smaller
size. The SR planner is much more efficient in answering multi-query problems compared
with the roadmap constructed by PRM planner.

Paper 0111: Robot Control Movements Using Gui
J. C. Rosete Fonseca, E. Gorrostieta Hurtado, M. A. Guzman Rivera
Keywords : robot, robot programming, robot kinematics

Autonomous robots have been the reason of several researches around the world; the
best results have been obtained from mobile robots and animal shape machines, every
day we can be surprised with the high level of degrees of freedom and control system of a
dog robot or a human robot. In despite of this level of performance in a robot, we can
notice that industrial robots are machines with a high level of dependency of the human
logic. This condition can be unfavorable due the potential risk of damage to the human
being or equipment if a program has not been properly developed.

Several softwares can be found at this moment with the potential to replicate the
movements of the real machines. The complexity of these can vary in accordance with the
objective and the intension into the factories.
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In recent years, several researches have turned on the use in non systematical
methods, in order to apply alternative ways to get the optimal condition in a layout problem
as the random searching.

In all the situations the path generation will be a condition that requires a balance
between the minimal distance and the movement’s safety. Once the obstacles have been
replicated, it is necessary to establish the origin and target of the movement.

This job applies a Graphical User Interface GUI, in order to replicate the environment of
the machine and the robot movements in order to control a real machine with the same
level of degrees of freedom; an iterative procedure to get the robot path was successfully
used and the system is capable to specify the spatial points of the end tool to complete the
programming process.

Further research by this system will be pattern recognition in order to adjust the
differences between the graphic and real environments.

Wednesday, 29th August, 2007
Regular, PC: Predictive Control

Concerto I, Il Room, 16:30 - 18:10
Chairs: J. Z. Sasiadek, Z. Kowalczuk

Paper 0116: A Suboptimal Nonlinear Predictive Control Algorithm Based on
Neural Models with Measured Disturbance Compensatio  n
M. awry czuk

This paper details a computationally efficient (suboptimal) nonlinear Model Predictive
Control (MPC) algorithm based on neural models with measured disturbance
compensation and its application to a polymerisation reactor. The neural model takes into
account not only controlled but also uncontrolled input of the process, i.e. the measured
disturbance. The neural model of the process is used on-line twice at each sampling
instant: to find a local linearisation and a nonlinear free trajectory. The algorithm is
computationally efficient, because it results in a quadratic programming problem, which
can be effectively solved on-line by means of a numerically reliable software subroutine.
Moreover, the algorithm gives good closed-loop control performance, comparable to that
obtained in the fully-fledged nonlinear MPC technique, which hinges on nonlinear, usually
non-convex optimisation.

Paper 0124: Predictive Functional Control for Neutralization Pr ocess
P. aszczyk, K. Stebel

One of the benchmark processes for testing nonlinear controllers is a pH neutralization
process. Many controllers are designed using very complex phenomenological models.
The paper presents how to obtain relatively simple model for such process and how to
make use of it in control. There was applied one of the commercially used MPC techniques
called PFC (Predictive Functional Controller) in the presented approach.

Paper presents step by step whole procedure of process modelling and designing the
controller. It should be noted that dynamic part of the model express only concentrations or
to be more specific express difference between concentration of acid and concentration of
base while the measured process variable is pH. There exist nonlinear relation between
differential concentration and pH and this relation is included into the controller. Therefore
the controller is supplemented with the element that recalculates desired state variable x
(differential concentration) from the given set point value of pH. This control task requires
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additionally on PPC controller. The PPC (Parametric Predictive Control) controller equation
is an extension to PFC technique and was already investigated previously in other
applications. The full control structure links both PFC and PPC controller equations and
suitable recalculation formulas as a result of neutralization curve.

Designed controller was evaluated using simulator described above. In general there
are two types of disturbance that may occur in control loop. One is a change of set point
value while another is a change of load disturbance value. In the discussed process, the
change of concentration of acid or value of flow of acid is the main load disturbance.
Presented in the paper results of controller design and performance have proven the
correctness of the approach. Such form of the controller could be applied in the real plant,
however there might be necessary some corrections in the model parameters, because in
present research not all phenomena was included into the model and some of them are
very difficult to describe or to investigate. This should be done in identification procedure
and the correct values of model parameters should be given to the internal model of the
controller.

Interesting for further research could be testing the influence of non-ideal mixing in the
reactor. This dynamic effect may result in change of the structure of internal model and
control equation. Nevertheless presented simulation results allow to claim that the
approach was correct and gives a lot of hope for positive application in real plant.

There should be also considered possibility of adaptive change of Trbf (tuning
parameter) depending on the operating point. This approach to the problem was previously
discussed with the inventor of the technique but never tested. The neutralization process
seems to be ideal plant for testing this possibility.

Presented results of this control technique was tested using simulator of the process,
however application to the real plant is expected soon.

Paper 0150: Constrained Predictive Control with Successive Line arization.
Application to a Coupled Tanks System
J. Zi tkiewicz

Predictive control called Model Predictive Control or Receding Horizon Control has
become an attractive feedback strategy for linear and nonlinear systems. Main idea of this
algorithm is cyclic finding optimal control according to predicted values calculated based
on a model as close as possible to real system. Predictive control as a method which
allows to satisfy constraints within project phase has a significant impact on industrial
process control. Linear dynamic predictive algorithms are easy to understand and are
effective in application.

In this paper a method is presented of using linear approximation and interpolation
technique to combine optimal unconstrained control with control compliant constraints.
Idea of interpolation technique depends on finding in every step compromise between
linear quadratic control for linearized system and feasible (within specified constraints)
solution. In the method it is proposed to apply successive linearization in every prediction
step, which makes linearized model closer to nonlinear plant.

Paper 0168: Suboptimal Nonlinear Predictive Control with Struct ured RBF
Neural Models
M. awry czuk

This paper details a computationally efficient (suboptimal) nonlinear Model Predictive
Control (MPC) algorithm with structured RBF neural models and discusses its application
to a polymerisation reactor. Thanks to the nature of the model it is not used recursively, the
prediction error is not propagated. The model is used on-line to determine a local
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linearisation and a nonlinear free trajectory. The algorithm needs solving on-line only a
guadratic programming problem. It gives closed-loop control performance similar to that
obtained in the fully-fledged nonlinear MPC, which hinges on non-convex optimisation.

Paper 0223: Predictive Controllers Integrated with Economic Opt imization in
Constrained Control Systems Tolerating Sensor Fault s

P. M. Marusak

Keywords : Predictive control, fault tolerance, nonlinear systems

The standard multilayer approach may give unsatisfactory results in the case when
distur-bances change quickly comparing to the dynamics of the control plant. It is caused
by low in-tervention rate of the optimization layer. One of the methods how to deal with this
problem is to integrate the model predictive control (MPC) algorithm with the problem
solved in the economic optimization layer. As a result the integrated MPCEOQO algorithm is
obtained. The algorithm is formulated in such a way that at each iteration only one
guadratic optimization problem has to be solved. It is achieved thanks to the steady—state
model linearization at each algorithm iteration.

The integrated MPCEO algorithms have been researched for some time but there are
no re-sults concerning its fault—tolerance to sensor faults (in constrained control systems of
nonlin-ear plants, in particular). Mechanisms of MPCEO maodification introducing fault
tolerance to sensor faults into the control systems with such algorithms are presented in
the paper.

The loss of a measurement of an output value means the interruption of the feedback
loop for this output. In such a case if the control system operates near the unstable
operating point then it is necessary to guide the process to the region of safe operation. If
the control system works near the stable operating point then mechanisms making
possible continuation of con-trol system operation, in as efficient way as possible, till the
failure is fixed can be used. Such an approach should minimize the losses caused by the
failure, during the time needed for fix-ing the damage.

In the control systems with MPC algorithms, after sensor fault occurrence, the model
the MPC algorithm is based on is used to continue control system operation in an open
loop con-figuration utilizing also all available disturbance measurements. The mechanisms
introducing fault tolerance into the control systems with MPCEO algorithms proposed in
the paper rely on the usage of both process models used by these algorithms — not only a
dynamic process model (that can be either linear or nonlinear one) but also a steady-state
exact process model.

It is often important for process safety or efficiency to satisfy important output
constraints. After the sensor fault it is then often needed to shift the process away the
important con-straints because of the possibility of their violation caused by modeling
errors. In the MPCEO algorithm fault tolerance to sensor failures is introduced by a
suitable modification of con-straints taken into consideration by the algorithm.

The proposed mechanisms of fault tolerance introduction into control systems with
MPCEO algorithms can be used in the case of nonlinear and constrained control plants.
The modifications are made in such a way that the main advantage of the integrated
algorithm, i.e. its numerical efficiency, resulting from quadratic formulation of the
optimization problem solved by the MPCEO controller at each iteration, is preserved. The
needed changes are rela-tively easy to introduce. The proposed approach was
successfully applied in a constrained control system of a MIMO nonlinear plant. The
improvement of control system operation comparing to the control system without fault—
tolerant mechanisms proved their usefulness.
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Wednesday, 29th August, 2007
Regular, ST: Stability and Stabilization

Norwid | Room, 16:30 - 18:10

Chairs: T. Kaczorek, E. Petre

Paper 0077: Continuous-time Linear Lyapunov Cone-systems
P. Przyborowski, T. Kaczorek

In positive systems inputs, state variables and outputs take only non-negative values.
Examples of positive systems are industrial processes involving chemical reactors, heat
exchangers and distillation columns, storage systems, compartmental systems, water and
atmospheric pollution models. A variety of models having positive linear behavior can be
found in engineering, management science, economics, social sciences, biology and
medicine, etc.

Positive linear systems are defined on cones and not on linear spaces. Therefore, the
theory of positive systems in more complicated and less advanced.

In the paper the notion of continuous-time linear Lyapunov cone-system is introduced.
The Lyapunov system is transformed to the standard cone-system using the Kronecker
product of matrices. The linear cones of the state, inputs and outputs are defined.
Necessary and sufficient conditions for the positivity in cones and the asymptotic stability
of this system are established. The sufficient conditions are given for reachability. The
considerations are illustrated by numerical examples.

Paper 0109: Stability Improvement for Time Varying Decentralize ~ d Receding
Horizon Control Systems
H. A. Izadi, B. W. Gordon, C. A. Rabbath

In this paper, a new algorithm is proposed for decentralized receding horizon control
(RHC) that allows stability enhancement for multiple vehicle system applications. The key
idea is to update the communication rate and prediction horizon of the RHC at each
sampling time based on a stability condition for time varying decentralized RHC. Unlike
existing decentralized RHC algorithms that try to reduce the communication requirements,
the proposed algorithm utilizes the maximum available communication capacity for further
improvement of stability and performance. The analysis shows that time varying
communication rates and prediction horizons leads to improved stability for decentralized
RHC systems.

Paper 0209: A Behavioral-Theoretic Approach to Quadratic Stabil ity of

Switched Linear Systems
I. Pendharkar, K. Wulff, J. Raisch

We formulate the problem of stability of switched scalar linear systems of the n-th order
in the behavioral system theoretic framework. Using ideas from dissipative dynamical
systems we parametrize a set of linear time-invariant systems sharing a quadratic
Lyapunov function. Switched systems composed of subsystems from this set are
exponentially stable for arbitrary switching sequences.

The past decade has witnessed an enormous interest in systems whose dynamic
behavior can be described mathematically by a combination of continuous dynamics and
switching. A typical approach adopted in modelling and analysis is to describe these
systems through some switching mechanism that orchestrates among continuous-time
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dynamical systems. A fundamental question in the analysis of such systems concerns the
stability of the resulting switched system under arbitrary switching. It is well known that the
equilibrium in a switched linear system with multiple component systems is guaranteed to
be exponentially stable under arbitrary switching if and only if there exists a common
Lyapunov function for each of the component systems. However, analytic conditions for
the existence of such Lyapunov functions are scarce and often concern restricted system
classes.

In this paper we present a new approach to stability analysis of switched linear systems
that is conceptually appealing and practically useful. The approach is set in Willems'
behavioral theoretic approach to dynamical systems. The present paper focuses on the
ideas behind this approach, rather than obscure technical details, and as such we shall
focus on scalar switched linear systems, i.e. switched systems that can be described by
scalar differential equations. However, our approach is sufficiently general so as to also
admit a treatment of multivariable switched systems along essentially similar lines. We
compare our results with similar known results and discuss merits and shortcomings of our
approach.

Paper 0217: On the Synthesis of Combined Discrete Reversing Tra  jectory
Method for the Asymptotic Stability Region Estimati on of Nonlinear
Polynomial Systems

A. Bacha, H. Jerbi, N. Benhadj Braiek

In this paper, we develop an advanced reversing trajectory method for nonlinear
polynomial discrete-time systems. Such approach can be formulated as a combination
between the algebraic reversing method of the studied recurrent equation systems and the
concept of existence of a guaranteed asymptotic stability region around an equilibrium
point.

The improvement of the validity of algebraic reversing approach is reached via the way
we consider the variation model in neighborhood of points determined in the stability
boundary's asymptotic region. An obvious enlargement of final region of stability is
obtained when compared by results formulated with reversing trajectory method in the
continuous case.

The proposed method has been tested to some practical nonlinear discrete-time
systems as Van Der Pool and discrete Hahn model.

Paper 0242: Stability Analysis of Multi-Agent Systems Based on Energy
Absorption Capacity
A. A. Jamshidifar, A. Afshar

Abstract- The problem of stability analysis is the main concern of every system as well
as multi-agent systems (MASs). Generally the stability of MAS refers to the convergence
of its states to a desired situation. In this paper a new approach is presented to handle this
concern. In the proposed approach, a new concept “Energy Absorption Capacity (EAC)” is
introduced for every agent/component of the system. Each individual is considered to be
stable if it has a positive EAC. The overall system’s EAC is defined as the minimum of its
component’'s EACs considering their interaction. The system is considered to be stable if
its EAC be positive. The proposed approach is extended to MAS. An example is given to
support the proposed approach.

The absolute EAC of an unforced system with zero initial states is the maximum
amount of absorbed energy, which it can experience and still perform as its predestined
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behavior. For a system given by X = f (X) with equilibrium point Xq and f:D® A", the
absolute EAC is defined as follows:

EACabs(Xeq) = rnlln E(XI)

where E(X)is the energy of the ith state of the system. Moreover, for this system at
any initial condition x, the instantaneous EAC is defined as

EAC (X X) = EACabs(Xeq) - E(Xl)

inst

Xieac

eq!
0 —
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is asymptotically stable iff it is stable and

Stability of MAS can be divided into two distinct fields; stability of an agent and stability
of MAS as a whole. An agent is considered as a hybrid entity and the required conditions
are derived for its stability. A MAS is considered as a group of interacting agents. It is

desired for it to originate from some initial set Q,, achieve the goal set Q, via some finite
intermediate modes Q, , and stay within the goal set. The stability of MAS is referred to

the asymptotic stability of the goal set Q.

Wednesday, 29th August, 2007
Regular, R3: Walking Robots

Norwid Il Room, 16:30 - 18:10
Chairs: E. Jezierski, T. Toshinobu

Paper 0136: Improvements of the Performances of Humanoid Robot ROMAN
K. Mianowski, N. Schmitz, K. Berns

Future service robots will more and more be able to communicate with humans in a
natural way. The communication between humans is not only based on speech in fact
movements and emotions are very important. The expression of those emotions is a
combination of neck, eyes and skin movements. Therefore the paper presents the
construction of the humanoid robot head ROMAN with artificial eyes and neck. The head
includes actuators, sensors and mechanical parts which are all integrated into the head.
The currents design enable the robot to include a complex sensors system and a complete
emotional system. Mechanical design of ROMAN consists of a 3DOF neck construction, an
artificial skeleton and the emotional system based on eleven servo motors moving small
metal plates which are glued to a silicon mask. The neck realizes all 3DOF in a single point
and clamps the two main aluminum plates. The artificial skeleton consists of the entire
head and the lower jaw which are attached to the main plates together with the servo
motors. The silicon skin is glued to the skeleton and can be moved with the help of 8 small
metal plates which are connected to the servo motors with cables. Described in the paper
redesign has been realized to obtain the reduced weight of the body and head and by
using springs partially eliminate the influence of gravity, and introduce the decoupling of an
eye rotational up/down — left/right motions.
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Paper 0152: Modelling and Control of Jumping Robot with Pneumat ic Drive
E. Jezierski, G. Granosik

INTRODUCTION

This paper presents some preliminary results in development of a jumping robot. The
project is in the modelling and simulation phase. The research is conducted into the
problem of changing mechanical impedance of driving system and its influence on features
of a jump. After theoretical analysis the results of the experiments performed on a
laboratory stand are described.

DYNAMICS AND CONTROL OF 1DOF

ROBOT y

We consider the structure of 1DOF robot Platform

as presented in Fig. 1. It consists of a m, l
8

platform and a pneumatic cylinder. A piston 7'y 7y S
rod equipped with a rubber ball form the leg '
of the robot. v Fim _H=—m,
In the transient state, a pneumatic force 1 p 1
produced by the cylinder plays an important Ye ¢ A
role. This force is given by the formulae 7 S N $

fo(t) = Aypy (1) - Aypg (D). =——
1

where A and A, are cross-sections of the h,

piston, and p; and P, respective

pressures. | |

Dynamics of the platform in a free vertical v ( )
movement, as well as in the phase of

contact of the leg with the base, is described
by the equation /////////
d2xp (t) _ f(t)- f.(t) g Fig. 1. The structure of 1DOF jumping rob

2
dt m,

(2)
where f, (t) denotes the friction force in the cylinder, and g is a gravity.

The dynamical features of the whole system were tested using Matlab/Simulink software
package. The first series of simulations was aimed to verifying the model in free-falling
while the second series of simulations were performed to control jumps of the robot.
Preliminary experimental tests

We have verified the behaviour of the simple robot in real world during free-falling in our
laboratory stand. The double acting cylinder ( =12 mm, =200 mm, pmax=10 bar) is
attached to a long bar, of which the other end is connected to a column with hinge joint.
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The orientation of a bar can be measured with a digital encoder mounted in this joint.
Contact forces can be measured with JR3 force sensor mounted on the top of cylinder, as
an additional test mass 0.4 kg is attached to it. After lifting the bar it is released and falls
down freely. Different reaction during the contact phase depending on the initial pressure
in the upper chamber of the cylinder may be observed. As it was predicted in mathematical
analysis, the larger stiffness of the cylinder the larger number of jumps was registered.
Tests were performed for different initial pressures in upper chamber of the cylinder.

Paper 0208: OLARGE : A Tool for Automatic Generation of Human M otion
and Ergonomic Evaluation of Workplace and Tasks
V. Hue, J-Y. Fourquet, P. Chiron, J. Gagne
Keywords : Robot kinematics, Animation, motion control, redundancy, ergonomics

The organization of the production leads very often to define repetitive sequences of
movements for the human operators. This working type is at the origin of musculoskeletal
disorders and of professional diseases in a certain number of cases. This paper presents
work on simulation of the operator movements in its workplace and the software tool
developed from it. The goal of these studies is to provide designers with a realistic
prediction of human movements in order to evaluate tasks and workplaces from the
ergonomic viewpoint. Main contribution is on automatic realistic motion generation in this
specific context.

Paper 0249: Control of a Two-Link-One-Motor Robot for More Stab  le Dynamic
Walking by a Link Rotation
T. Toshinobu, Y. Shin'ichi

We are interested in the dynamical mobility of a simple mechanism with two links and
one-motor, which works in one dimension. It can move by rotation of the lower link with the
swing of the upper link. We have developed a two-link-one-motor experimental robot,
implemented a detailed simulation of this system which include backlash and shock in
landing, and designed a non-linear feedback controller to realize one step stable motion of
this mechanism. In this paper, we increase more the success ratio of one step motion by
improvement of the control method. And the robot motion becomes to be more stable to
realize the series of dynamic walking by a link rotation.

Paper 0250: The Latent Semantic Analysis as a Framework for Beh  aviors of
EmphyBot Robot in Entertainment Application
A. Chella, G. Pilato, R. Sorbello, G. Vassallo, R. E. Barone
Keywords : ROBOT ARCHITECTURE, ENTERTAINMENT ROBOT, MACHINE LEARNING APPLICATIONS

In this paper we propose EMPYBOT an Entertainment Pet Robot, based on Latent
Semantic Analysis, that tries to exhibit non deterministic and non trivial behaviors in
interaction with human.

Latent Semantic Analysis (LSA) is an approach that tries to encode the semantics of
the words by statistical computations applied to a large corpus of texts.

The automatic construction of LSA-based data-driven conceptual spaces has been
recently proposed as a tool that tries to simulate the intuitive-associative capabilities of the
human beings.
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We describe how the proper creation and use of this kind of space can provide a valid
framework upon which to build “Latent Semantic Emotional States” useful for the
“Associative Behaviors” of a mobile robot designed for an entertainment use.

In particular we focus attention on the description of our proposed Robot Architecture
based on LSA that is organized in three main parts: Sub-Conceptual, Emotional and
Behavioural areas.

This new approach tries to merge traditional knowledge representation with intuitive
capabilities provided by geometric and sub-symbolic information modelling.

To validate the effectiveness of our LSA robot Architecture we tested our framework on
real SONY AIBO ERS-7 robots and we show the experimental results obtained in our
Mobile Robot Lab. The aim of this work is to build a smart toy robot architecture, using the
SONY AIBO robot, capable to interact with the environment, coded as verbal input stimuli,
using an “hidden semantic layer”.

Wednesday, 29th August, 2007
Regular, FD: Fault Detection

Reymont Room, 16:30 - 18:10
Chairs: J. Korbicz, D.A. Koshaev

Paper 0099: Efficient Fault Detection, Estimation and Recovery Using an
Augmented Kalman Filter
D.A. Koshaev

A novel multialternartive method for detection and estimation of faults in information
measuring systems (IMS) is suggested. It is easier to realize, as compared to the classical
one, based on the use of a Kalman filter (KF) bank. The method suggested allows the run
time for the fault detection to be reduced due to substitution of KFs, estimating particular
faults, for an augmented KF (AKF) which estimates a set of possible faults. The formulas
that allow computation of a posteriori probabilities and estimates of particular faults based
on the AKF results have been derived. The AKF is also used to estimate additional IMS
errors caused by fault effects. A single correction of the IMS with the use of these
estimates together with continuous fault compensation makes it possible to recover the
faulty system. The efficiency of the developed method is supported by the simulation
results for a navigation complex including two inertial systems.

Paper 0149: Final Results of Neural Network based Diagnostic Sy stem
Design Issue
K. Jaroszewski

The main fumes producers in Poland are old systems of the power plants, in which
removing sulphur and nitrogen compounds have been inculcated for the last dozen or so
years. The method based on supply energy, which initiates chemical reaction, by electric
beam to the fumes determined base for designed as an industrial - demonstration purifying
fumes installation.

Although the most important work criterion, for the installation, is to obtain, as far as
possible, clean fumes, not less important issue is to produce trade useful product. These
both criteria are very often manually exclusive. From the safety point of view the ratio of
sulphur and nitrogen content has to be constant in appointed limits. The limits are also
important from an economic point of view.
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Supporting diagnostic system should predict the value of fumes temperature and
humidity, parameters having influence on progress of process, based on information about
the value of some parameters of the fumes at the beginning of the installation. Moreover,
the purpose of diagnostic system should be the prediction of composition of the harmful
compounds in fumes and product.

The main designing problem is to choose all important parameters which have
influence on the processes. Another difficulty presents the quantity and quality describing
the influence. Thus, artificial neural networks appear to be the best matched solution for
these diagnostic problems.

The main problems focus on finding parameters of designed artificial neural networks
which allow obtaining structures working with the best efficiency. Many simulations were
done in order to verify possibility of using artificial neural networks to the process and to
calculate the parameters of neural systems.

In case that, it was no possibility to compare results of designed systems with really
working one, there are no such diagnostic system, the only possible way to evaluate the
system was taking into account values of correlation coefficients. It leaded to statement
that designed systems gives answers very close to real object.

Designed neural systems were used to build simulation diagnostic system. Using
Matlab / Simulink environment the system supporting operators’ decision were done. The
main aim for the system is alarming operators about enumerated forthcoming faults of
process parameters:

1. not correct fumes humidity,

2. not correct fumes temperature in first duct,

3. not correct fumes temperature in second duct,

4. not correct sulphur content in fumes,

5. not correct nitrogen content in fumes.

Information, showed as graphs and text announcements, about forthcoming incorrect
process parameters give chance for operators to react and affect on parameters of adding
to fumes ingredients in order to make fumes parameters concord to technological
principles.

Paper 0186: Actuator Fault Toleration in Control Systems with A nalytical
Predictive Controllers and Output Constraints
P. M. Marusak

Keywords : Predictive control, fault tolerance, nonlinear systems

In the paper methods how to introduce tolerance to actuator faults into the control
systems with analytical predictive controllers are presented. It is also demonstrated how to
do it in an efficient way. During the reconfiguration of the analytical predictive controllers
their structure and their properties are exploited in such a way that the reconfiguration is
simple to perform. The main goal of the presented methods is to make possible
continuation of control system operation till the failure is fixed. The efforts are concentrated
on the case in which precise stabilization of one of the output variables is needed, e.g.
because of important constraints put on it. It is typically achieved by changing the weights
in the performance index of the predic-tive controller. However, the similar result can be
also obtained by eliminating some compo-nents from this performance index. Moreover,
thanks to such an approach the analytical con-troller can be simplified.

The other way of shifting the output variable away its constraint after an actuator failure
is to change the set—point value for this output variable. In this case, analysis of the static
char-acteristics of the control plant can help assess possibility of a set—point value
achievement af-ter the failure and decide if and how to change the set—point values after
the failure. However, changing the set—points manually can be difficult in the case of MIMO
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systems. Moreover, the usage of intuition may result in bad decisions. The predictive
controllers are, however, often used in the multilayer control systems in which the
economic optimization layer is pre-sent. Economic optimization layer derives the set—point
values for the subordinate controllers. During this derivation it usually uses a precise,
nonlinear steady—state process model. Thus, it is advisable to use the optimization layer
and, at the same time, the precise steady-state con-trol plant model, during the fault—
tolerance introduction into the control system. In the paper it is shown how to use the
economic optimization layer in order to improve control system operation after the actuator
fault occurrence. The changes that should be introduced into the economic optimization
layer consist in modification of output constraints and addition of the equality constraint.
These modifications reduce the drawback of analytical predictive algo-rithms consisting in
problems with taking into account output constraints.

The methods of fault—tolerance introduction into the control systems with analytical pre-
dictive controllers in response to actuator faults proposed in the paper can be applied in a
con-trol system with any analytical predictive controller (based on any control plant model).
The proposed mechanisms are relatively simple and can be introduced into the elements
of the control system in an easy way. Their efficacy, gained despite their relative simplicity,
is illus-trated by results obtained in the example control system of a nonlinear MIMO plant.

Paper 0231: Design and Convergence Analysis of First- and Secon  d-Order
Extended Unknown Input Observers
M. Witczak, P. Pr tki, J. Korbicz

A large amount of knowledge on designing observers for non-linear systems has been
accumulated through the literature since the beginning of the 1970s. Indeed, observers are
commonly used in both control and fault diagnosis schemes for non-linear systems .
Although the problem has been attacked from many different angles, there is no general
solution that can effectively be applied for all classes of non-linear systems. The main
objective of this paper is to present a design procedure and convergence analysis of
observers that can be used for designing robust Fault Detection and Isolation (FDI) for
non-linear systems. The basic idea underling the observer-based approaches to FDI
systems is to obtain estimates of certain measured or unmeasured signals. Then, in the
most usual case, the estimates of the measured signals are compared with their originals,
i.e. a difference between the original signal and its estimate is used to form residual signal.
In most robust observer-based fault detection schemes, the problem of robustness to both
model uncertainty and real disturbances acting on a system has been tackled by the
introduction of the concept of an unknown input. The paper presents the procedure for
designing an observer that is insensitive to the influence of an unknown input. The
presented approach bases on the concept of Extended Kalman Filter that taking
advantage of linearization method can be directly applied to a large class of non-linear
deterministic systems. Contrary to many existing approaches, where only a first-order
Taylor series expansion is used, this paper deals with both first- and second-order Taylor
series expansion. In particular, a unified convergence conditions are provided. Based on
the achieved results, general design principles are described and carefully analysed. The
numerical example, which illustrate the theoretical developments, is a fifth-order two-phase
non-linear model of an inductor motor, which has already been the subject of a large
number of various control design application.
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Paper 0246: An Experimental Investigation of Geometric Approach to Fault
Isolation in Multivariate Dynamic Systems
N. Rahimi, M. H. Sadeghi, M. J. Mahjoob
Keywords : Fault Isolation, Multivariate Systems, Structural systems, Parametric System Identification, Geometric
Approach, Distance Function

In this paper, fault isolation of a laboratory scale frame, as a multivariate system, has
been investigated by using a geometric approach in conjunction with the parametric
system identification. The geometric approach is based on the assumption that each fault
mode may be regarded as a hyper-surface in an appropriate topological space, where the
hyper-surfaces are constructed based on the estimated parameters. Finally, by defining
proper metric and assuming the unknown mode (of a system) being as a point in space,
where the estimated parameters as the coordinates, the failure mode can be identified by
minimizing the obtained distances between the point and hyper-surfaces. Based on the
number of the inputs and measured outputs, the frame was modeled by ARX and VARX
models in four different forms as Single-Input Single-Output (SISO), Single-Input Multiple-
Output (MISO), Single-Input Multiple-Output (SIMO) and Multiple-Input Multiple-Output
(MIMO). Also, the performance of the scheme was evaluated in deterministic and
probabilistic spaces. The obtained results revealed that the MIMO representation of the
frame in the probabilistic space had an acceptable performance which was the highest one
in comparison to the other ones, and the SISO representation system in the deterministic
space had the lowest performance.
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Thursday, 30th August, 2007

Plenary, PL-Swierniak: Understanding and combating cancer - control theoretic
approach

Concerto I, Il Room, 9:00 - 10:00

Chair: B. Gordon

Paper PL-Swierniak: Understanding and combating cancer - control theore tic
approach
A. wierniak
Keywords : Biomathematical modelling, optimal control, nonlinear systems, cancer

This paper presents brief survey of results of research projects in which we have used
control theoretic methods in modelling and control of cancer populations. These projects in
majority developed in collaboration with M. Sklodowska Curie Memorial Cancer Centre and
Institute of Oncology, Branch Gliwice are related to four classes of problems which may be
useful in understanding and combating cancer. We focus our attention on two among
these classes: optimization of anticancer chemotherapy taking into account phase
specificity and drug resistance, and modelling and optimization of antiangiogenic therapy.
We consider both finite and infinite dimensional compartmental models of cancer
population growth which take into account evolving drug resistance resulting from gene
amplification and phase specificity of anticancer drugs. Those models are used to find
conditions for tumour eradication and to optimize chemotherapy protocols treating cell
cycle as an object of control. In the case of antiangiogenic therapy we follow the line of
reasoning presented by Hahnfeldt who proposed to use classical models of self-limiting
tumour growth e.g. logistic or Gompertzian with variable carrying capacity defined by the
dynamics of the vascular network induced by the tumour in the process of angiogenesis. In
this case antiangiogenic protocols are understood as control strategies and their
optimization leads to new recommendations for anticancer therapy. Two other areas of our
collaboration with oncologists: class prediction and pattern recognition based on DNA
microarray experiments, and identification of regulation pathways in gene and protein
networks are only mentioned in this paper.

Thursday, 30th August, 2007
Regular, MS: Modelling and Simulation

Concerto |, Il Room, 10:00 - 11:00
Chairs: E. Rogers, J. Szpytko

Paper 0263: Multidimensional Analysis of Presidential Election. The case of
Poland
J. Ho ubiec, A. Ma kiewicz, G. Szkatu a, D. Wagner

The aim of the paper is the analysis of rules describing electorate preferences
generated by machine learning methods. The rules are investigated with respect to
conditions involved.
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Paper 0163: Fuzzy Modeling of Directionally Selective Retinal G anglion Cell
of Human Eye
S. B. Araghi, R. Esmailzadeh

This paper is going to represent a novel proposed fuzzy model for a directionally
selective ganglion cell, which is the main part of motion detection in human eye. This
MIMO nonlinear model is based on physiological researches that include four Nobel Prizes
and historical literatures since the beginning of the past century. The most important
function of this cell is the motion detection of light spot on its receptive field considering
center and surround structures of the receptive field, its exciting and inhibiting interactions,
and its impressibility of brightness which are the basis of this proposed model. This Fuzzy
model was based on Mamdani method and it can detect location, direction and velocity of
light spot traveling on the receptive field. The results of simulated model satisfy related
practical data acquired from such cells.

Paper 0063: Determining Group Judgement when Ties Can Occur
H. Bury, D. Wagner

To simplify the analysis of properties of group judgment methods it is generally
assumed that no equivalent alternatives can appear in experts’ judgments. Such an
assumption is adopted, despite of the fact that experts are not always able to uniquely
determine the position of each alternative considered. This assumption is not very
restrictive and there are several positional as well as pairwise comparison methods that
can be successfully applied to take into account the presence of equivalent alternatives in
experts’ judgments.

However, almost all the methods of determining group judgment are based on the
assumption that there are no equivalent alternatives in the group judgment. This
assumption seems to be more restrictive than the previous one, especially in the case of
distance-based methods (making use of the concept of distance among preference
orders). Some considerations concerning problem mentioned are given by Brams and
Fishburn. An attempt at solving this problem was suggested in the earlier paper of the
authors, however, using this approach one has to solve a troublesome integer optimization
problem.

In authors opinion the problem of handling tied alternatives in group judgment is of
interest, because of its practical aspects. Therefore some suggestions on how to solve this
problem are presented in the paper.

Armstrong, Cook and Seiford presented an approach (further referred to as ACS) that
can simplify the optimization problem mentioned. This approach consists in a special
enumeration of the positions occupied by equivalent alternatives. Examples explaining the
use of this notation are given.

In the paper the notion of so called structure is introduced. It simplifies the description
of all possible ties that can occur in preference orders for given n. It is shown that the use
of this notion can facilitate the formulation of the constraints on integer programming
problem that is to be solved to determine group judgment with ties. Some numerical results
are presented.
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Regular, R2: Mobile Robot Design and Control

Norwid | Room, 10:00 - 11:00
Chairs: R. Sorbello, G. Obinata

Paper 0053: Control of a Unicycle-like Mobile Robot to Track a Moving Target
L. Huang

This paper addresses the issue of controlling a unicycle-like wheeled mobile robot to
track a moving target, a basic autonomous behaviour required for a robot in many
applications. The relative posture of the robot with respect to the target is chosen as the
system state, and is used to formulate the system's kinematic and dynamic models.
Based on these models, the Lyapunov approach is taken to derive a control law
governing the robot's linear and angular velocities for tracking a moving target. The
asymptotic stability of the closed loop system under the  control law is proved.
Simulation results are provided to verify the effectiveness of the approach.

In the first section of the paper, the background of the research covered in the paper
is introduced. The system model and problem formulation are described in Section 2.
The selection of a suitable state description of the system is presented. The system
dynamic model is then produced in a form for Lyapunov controller design. Section 3
presents the design of the controller and the proof of the asymptotic stability of the
controlled system. In Section 4, simulation examples for verifying the proposed
controller are provided. Conclusion of the paper is given in Section 5.

Paper 0194: Tracking Control for Multiple Trailer Systems by Ad aptive
Algorithmic Control
T. Kobayashi, T. Yoshida, J. Maenishi, J. Imae, G. Zhai
Keywords : mobile robots, multiple trailer systems, nonlinear optimal control, nonlinear systems, predictive control
In this paper, we deal with a real-time control algorithm for nonlinear systems. By
adopting a nonlinear numeric optimization algorithm, we have proposed a nonlinear real-
time control design technique called algorithmic control. The adaptive algorithmic control is
one of extensions for the numerical robustness of our algorithmic design. However, there is
not clear example on high-order nonlinear systems demonstrating the effectiveness of our
algorithm. Therefore, we have investigated a stabilization problem of the backward motion
of passive trailer systems via adaptive algorithmic control strategy. The adaptive
algorithmic control strategy is achieved by automatically adjusting the maximum number of
iteration with the computational time. Consequently, appropriate controller parameters are
selected with computational load in real-time. As a result, we confirm the effectiveness of
our control design for unstable high order systems through some simulation results.

Paper 0166: Modelling and Control of Wheeeler the Hyper Mobile Robot
M. Pytasz, G. Granosik
I. INTRODUCTION

Hyper mobile robots are a group of articulated body, snake-like robots, however, in
comparison to them they introduce actuated wheels or tracks. Such machine can travel in
rough terrain and overcome obstacles much higher than robot itself. Additionally to high
mobility, due to its slender body, robot can crawl into narrow spaces or pipes for inspection
or search and rescue actions.
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As we observed from the literature review, most of the hyper mobile robots presented to
date lack the autonomy or intuitive teleoperation. Although every robot has some control
system, in most cases multi DOF joysticks or sophisticated user interfaces are used. Our
goal is to simplify teleoperation of these robots and increase the applicability. We start with
precise modelling of Wheeeler and designing the most intuitive user interface to control it.
[I. MODELLING AND SIMULATION
ENVIRONMENT

For the modelling phase of the project, the
Webots 5 PRO simulator was selected. It is a
mobile robot modelling environment which uses
VRML model description, interpreted during
simulation by ODE physics and OpenGL
presentation layers.

[ll. MODEL STRUCTURE

Structure of the Wheeeler is modular. It
consists of seven, geometrically identical
segments. Each segment has an actuated axle with two wheels and a passive suspension.
On each of two ends of a segment, there is a 1DOF actuated joint, to be connected to the
following segment, or in case of robot ends - to attach a camera. Robot has 2 cameras -
one at each end. Assembled robot has 7 segments interconnected with 2DOF articulated
joints, 1DOF joints controlling cameras, and actuated wheels.

IV. CONTROL

At first, basic teleoperation with only a visual feedback was introduced. A simple, IP
network, socket based client-server application was built, featuring ability to send
elementary commands to the robot. With the development progress in the modelling phase
the “follow the leader” control strategy was implemented.

V. CONCLUSION AND PLANS FOR FUTURE DEVELOPMENT

For the convenience of the operator and improved safety and reliability of robot

operat|on several improvements should be implemented:
robot pose should be verified, whether it has not rolled over. In such case the robot
should be able to restore its default pose automatically, if only surrounding objects
do not make it impossible,
statistical sensors fusion algorithm will be implemented, so that single sensor
readings could be validated with other data collected,
image recognition could be implemented to increase robot autonomy in case of
loss of communication with the operator, to obtain additional sensory data for
teleoperation, or just to improve teleoperation convenience.

Thursday, 30th August, 2007
Regular, OP: Optimization

Norwid Il Room, 10:00 - 11:00

Chairs: A. ochowski, N. Bizdoaca

Paper 0230: State-Space Synthesis of Fractional Order Controlle rs via
Orthogonal Functions
M. K. Bouafoura, N. Benhad] Braiek

Seeing the domination of frequency based methods for the synthesis of fractional order
controllers in linear feedback systems, there was a lack of effective methods for the design
of this new class of controllers in the state-space. We are interested in this paper to
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present a new method for the tuning of fractional order PID controller in the state-space.
The parameters settings of such controller uses the properties of orthogonal functions and
related generalized operational matrix of derivation and integration fitted to the generalized
Riemann-Liouville formulas of integration and differentiation. The considered technique
allows us to transform the state equations into a set of algebraic ones depending on
fractional PID parameters by expanding the system inputs and output into orthogonal
functions. The optimization of the five parameters is done by considering a reference
model including all desired performances.

Paper 0115: Modelling and Optimal Temperature Control of Induct ion Heated

Rotating Steel Cylinder
A. Fr czyk, P. Urbanek, J. Kucharski

The paper presents methods of modelling and optimal state feedback control of certain
example of a thermal system - induction heated rotating steel cylinder. The analysis of
thermal phenomena within the system have been given and both numerical and transfer
function models (fig. 1) have been built.

u; —input signal of-th
heating zone (the

heating power of i-th
inductor)

y; — output signal of i-
th heating zone (the
temperature measured
by infrared
thermocouple)

G; — transfer function
representing thermal
connection between i-
th and j-th zones
(i=1+6, j=1+6)

Fig. 1. The block diagram of MIMO model of induction heatestating ste¢
cylinder.

Finally state-space representation has been formulated and optimal state feedback
controller has been designed. The optimal temperature control system and results of
simulation of temperature control in noisy environment are presented in fig. 2.

Fig 2a.Optimal temperature control system of inductiontée
rotating steel cylindera) block diagram, (b) simulation results
— the block updating measurable elements of statgor, z—
disturbances vector.

Fig 2b. Control in noisy environment..
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The control accuracy assured by proposed control system have been discussed.

Paper 0131: Set-Point Optimisation and Predictive Constrained C  ontrol for
Fast Feedback Controlled Processes
M. awry czuk, P. M. Marusak, P. Tatjewski

Integration of a Model Predictive Control (MPC) algorithm with economic optimisation,
important when dynamics of disturbances and of the process are comparable is
considered in the paper since the problem is encountered in many practical applications.
The structure under investigation contains an internal controller and an MPC-based
economic optimiser which provides the set-points. The idea is to apply as the basic
feedback controller a fast, unconstrained controller (e.g. MPC one). The MPC-based
economic optimiser takes into consideration all the constraints that are present in the
control system. In order to guarantee the computational efficiency of the whole structure
the linearisation of steady-state process model used for economic optimisation is
performed on-line. As a result one obtains the algorithm consisting in solving, at each
iteration, a standard quadratic programming problem, the necessity of full, numerically
unreliable nonlinear optimisation is avoided. Simulation results proving efficacy of the
proposed approach are also provided.

Thursday, 30th August, 2007
Regular, Sch: Scheduling and Manufacturing Systems

Reymont Room, 10:00 - 11:00
Chairs: A. Janiak, H.T. Kim

Paper 0162: Multicriteria Weighted Graphs Similarity and its Ap plication for
Decision Situation Pattern Matching Problem
Z. Tarapata

In the paper a concept of multicriteria weighted graphs similarity and its application for
pattern matching of decision situations is considered. The approach extends known pattern
recognition approaches based on the graph similarity with two features: (1) the similarity is
calculated as structural and non-structural (quantitative) in weighted graph, (2) choice of
the most similar graph to graph representing pattern is based on multicriteria decision.
Standard concepts in graph matching include: graph isomorphism, subgraph isomorphism,
graph homomorphism, maximum common subgraph, error-tolerant graph matching using
graph edit distance, graph’'s vertices similarity, histograms of the degree sequence of
graphs. One of the earliest applications was in the field of chemical structure analysis.
More recently, graph matching has been applied to case-based reasoning, machine
learning planning, semantic networks, conceptual graph, monitoring of computer networks,
synonym extraction and Web searching. Moreover, numerous applications from the areas
of pattern recognition and machine vision have been reported in the literature. They
include recognition of graphical symbols, character recognition, shape analysis, three-
dimensional object recognition, image and video indexing and others.

It seems that structural similarity is not sufficient for similarity description between
various objects. Arc in the graph gives only binary information concerning connection
between two nodes. Therefore, we define in the paper multicriteria weighted graph
similarity decision problem (MWGSP) and we show how to use it to pattern recognition
(matching) of decision situations (PRDS) in decision automata which replace commanders
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in simulators for military trainings. The PRDS problem is related to “automatic
commanders” which make their decisions without participation of human e.g. in such
systems as Computer Generated Forces (CGF) or in real simulators replacing human
commanders to more effective manage of military personnel during CAX (Computer
Assisted Exercises) process. The decision automata executes two main processes:
decision planning process and direct combat control. The decision planning process
contains three stages: the identification of a decision situation, the generation of decision
variants, the variants evaluation and nomination the best variant of these, which satisfy the
proposed criteria. The decision situation is classified according to the following factors:
own task, expected actions of opposite forces, environmental conditions — terrain, weather,
the day and year season, current state of own and opposite forces in a sense of personnel,
weapon systems. For this reason, we define identification of decision situation as MWGSP.
Application of presented approach to pattern recognition of decision situations is
described. The problem which is considered is as follows: we have set of decision
situations patterns representing decision situations: current (CS) and pattern (PS) for
topographical conditions and units (potential) deploying and for CS we have to find the
most similar pattern PS from the set of patterns. In the paper an example of using
proposed approach is presented.

Paper 0206: Solution Algorithms of the Makespan Minimization Pr oblem with
the ‘S’-Shaped Learning Model
A. Janiak, R. Rudek
Keywords : Scheduling; Learning effect; Branch and bound; Heuristic

Most of the models of the learning effect in the scheduling theory are based on the
learning curve introduced by Wright. However, the further study about learning itself
pointed out that the learning curve in practice is an S-shaped function that has not been
considered enough in the scheduling domain. Hence in this paper, we investigate a single
processor scheduling problem under makespan minimization with the learning effect, that
is modelled by the job processing time given as the “S'-shape, experience dependent
function. Since the considered problem is NP-hard in the strong sense, therefore, to solve
it we provide a branch and bound algorithm with three eliminating procedures and fast
approximation algorithms. The efficiency of the presented approach is verified
experimentally, revealing that the branch and bound algorithm finds an optimal solution for
the problem with up to 30 jobs (on average) in few minutes. Moreover, the empirical
analysis reveal that the proposed approximation algorithms are characterized by very low
mean relative errors: from 1.4% (simple heuristic) to 0.09% (simulated annealing
approach); and a low computational effort: 298ms and 2085ms, respectively, even for large
instances (500 jobs).

Paper 0207: On a Scheduling Problem with a Stepwise Learning Cu  rve
A. Janiak, T. Krysiak, R. Rudek
Keywords : Scheduling; Learning effect; Computational complexity

In this paper, we introduce into the scheduling field a new model of the learning effect
that generalizes the existing job position dependent models. At first each job can provide
different experience to the processor. Second we describe the shape of the learning curve
by a non-increasing k-stepwise function. We prove that the problem of makespan
minimization on a single processor with the considered model is polynomially solvable if
every job provides the same experience to the processor, and it becomes NP-hard in
ordinary sense if the experiences are diversified. Moreover, we show optimal polynomial
and pseudopolynomial time algorithms for the special cases of the problem.
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Paper 0259: Notes about Deep Uncertainty in Catchment Modelling
Application of Exploratory Modelling
A. B. Miklewski, M. Krawczak
Keywords : computational complexity, system modeling, algorithms

This paper presents a “soft annealing”, integrated approach to modelling complex
hydro-socio-economic-climatic processes at the catchment scale. The problem’s
complexity is due not only to its combinatorial nature, but also due to the intrinsic
multidimensional spatio-temporal relationships of its variables. Furthermore, there is no
explicit solution for such NP-complete combinatorial optimization problem; thus a heuristic
optimization technique such as exploratory analysis is used to search for “good” solutions
in a finite but huge solution space. In this paper, the approach applied in the BMBF project
“Integrated catchment management and risk- based resource allocation in urban and peri-
urban areas”, carried out in the Great Stuttgart Region (GSR) as a common project
between the Stuttgart University (USTUTT), Helmholtz Center in Leipzig (UFZ), Potsdam
University (UPOT), Polish Academy of Sciences (PAS) and Agricultural University in
Szczecin, is to be presented.

Paper 0229: Process Modeling and Identification for Active Cont rol of a Tall
Structure Excited by External Forces
M. Jamil, G. Murtaza Hashmi, V. V. Nagendra Prasad Bachu, B. Sohelberg

Considerable attention has been paid to active structural control research in recent
years, with particular emphasis on alleviation of wind and seismic response. The
technology is now at the stage where actual systems have been designed, fabricated and
installed in full-scale structures. The objective of this study is to design an active controller
for a tuned mass damper (TMD) system which is being used to control the first
fundamental mode of building vibrations due to wind excitation. This paper deals with the
active control of tall structure and black box modelling. The model is estimated using linear
black box identification (ARX, ARMAX, OE model) with MATLAB software. The aim is to
find the best suited mathematical model for this process using system identification tool
box (SITB). The proposed methodology follows parameter estimation, simulation,
frequency analysis, auto and cross correlation and pole-zero diagram. After estimating
suitable model, it is possible to design a suitable controller for the mathematical model to
get the required results.

From the model analysis, it is revealed that the model ARX-4 is favoured from the
analysis of loss function, FPE and parameter estimation. The values from the estimated
parameters are significant for models ARX-4 and ARMAX-4. But OE-3, OE-4 and OE-5
have over estimated parameters. ARX-4 has fewer margins of errors compared to
ARMAX-4.The extra parameters are estimated for the model OE model. Hence some of
the parameters for OE are not significant. From the model simulation, it is seen that the
models are ARX [4 1 1] are able to describe the measurements from the process.

From the correlation, it is obvious that ARX-3, ARX-5, ARMAX-3, ARMAX-4, ARMAX-5,
OE-3, OE-4, and OE-5 give a result which is more outside the confidence interval. The
ARX-4 fulfils the tests for both the auto and cross correlations. Further, the frequency
analysis contradicts the remaining models except ARX-4 model. While pole zero plot
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shows that ARX-4 is better among the others. It can be conclude that most of the model
analysis favours the model ARX [4 1 1]. It is not necessary to expand or use another model

type.

Paper 0270: A Unit for Simulation In Real-time of Gas Carburisi  ng in Batch
Furnace
J. Wyrwa

Carburising is one of the oldest processes of thermochemical treatment of steel. It has
been successfully applied to a great number of different components (e.g. bearings, gears,
shafts, etc.) from industrial sectors such as automotive, aerospace, agricultural,
engineering and others.

Carburising consists in enrichment of top surface of component in carbon by means of
annealing in the presence of environment producing carbon in the atomic form.
Carburisation is used for surface hardening to achieve improved the fatigue endurance as
well as wear resistance.

The aim of the paper is to develop mathematical model of carburising process and
devise efficient method of numerical solution in real time of this model. The essential
restriction imposed that had to be overcome was the necessity of implementation of the
developed numerical algorithm on programmable logic controller.

In the developed numerical method for solving the model the approach based on an
explicit finite difference scheme was employed. Special attention was paid to minimize
computational complexity of algorithm and make it possible to implement the algorithm on
the programmable logic controller. Finally, developed algorithm implemented on the
programmable logic controller Simatic S7 was successfully incorporated into the control
system for batch furnace as a unit for simulation carburising process in real-time.

Developed model can predict carbon concentration profiles for endothermic gas
carburising carried out in batch furnaces. Correctness of obtained profiles has been
evaluated by measurements of carburised layers by means of vacuum emission
spectroscopy.

Paper 0220: On-line Polynomial Series Estimates of Hammerstein System
Nonlinearities
P. liwi ski, Z. Hasiewicz, P. Wachel

In the paper we propose a class of on-line nonparametric algorithms recovering a
nonlinearity in Hammerstein systems. The algorithms employ orthogonal polynomials (in
particular, Legendre, Laguerre, or Hermite families).

Nonparametric algorithms possess an advantageous property of being 'self-adaptive’,
which allows them to recover (i.e. adapt to) the genuine nonlinearity using only
measurements, however, they effectiveness is growing on with the number of
measurements becoming large. There are thus several reasons for which on-line versions
of nonparametric algorithms are of interest:

» They do not need the measurement data to be stored — keeping thousands of
measurements in memory may be a prohibitive overhead in some applications, e.g. in
microcontroller-based systems. Also,

» The recursive formulas used in the algorithms are simpler and less computationally
demanding than their closed-form counterparts — this factor is another advantage in
applications with limited computational capabilities. Furthermore,

» They process the data in a sequential manner — as the new measurements are
acquired — and can therefore constitute a base of algorithms identifying time-varying
systems).
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The new algorithms can easily be computed when the number of measurement is
growing. It is shown that instead of using computationally intensive and memory
consuming exact initialization formulas for the new empirical coefficients, they can simply
be zero-initialized. The additional bias error caused by this simplified procedure appears
not to be relevant for the limit properties of the new estimates, e.g. the convergence rates
of the off-line and on-line estimates are the same. Further analyses, both theoretical and
empirical (by means of the computer simulations), are ongoing - the first results suggest
that the on-line estimates should behave better for small and moderate number of
measurements than their established off-line counterparts.

Paper 0251: On Some Aspects Of Virtual Power Plant Model Applic  ations
T. Barszcz, P. Czop, T. Uhl

This paper presents the scope and objectives of the virtual power plant project which
intension is to develop an open library-oriented simulation platform available for academic
and commercial users. A basis power plant model consists of a set of libraries composed
into modules covering the essential power generation processes. Model applications can
be run in on/off-line mode depending on its complexity and amount of data exchanging
with SCADA system. A library-orientated structure allows to use linear or nonlinear
physics-based models in the form of state space equations or transfer functions. A
developed Virtual Power Plant Model (VPPM) platform may be utilized to understand the
specific aspects of power generation processes including virtual prototyping of a new
hardware, control algorithms, controllers’ settings, and component/system behavior
beyond the nominal conditions. This model may also be used in training of power plant
operators involving emergency scenarios. Therefore, it allows the simulation over wide
range of operation including transient and steady state conditions, i.e. startup, idle,
synchronization, load and coast down. This paper provides an overview for the project,
model development status, validation test results, and further application perspectives. A
model architecture, functionality, and performance are discussed and illustrated with
exemplary analysis involving measured and simulated data.

Thursday, 30th August, 2007
Regular, R2: Mobile Robot Design and Control

Norwid | Room, 11:30 - 13:10
Chairs: R. Sorbello, G. Obinata

Paper 0272: Mobile Robot LeoPart for Research and Educational P urposes
S. Koz owski, A. Fellenberg, B. Fajfer, J. Majchrzak

The article entitled ,Mobile Robot LeoPart for research and educational purposes”
presents the conception of a multipurpose, functional and cheap wheeled mobile platform.
The article describes the authors’ experience gained during the designing and building a
mobile platform from scratch. The design process was divided into three main parts:
mechanics, electronics and control. The first part describes the construction of the chassis,
the suspension as well as the robots drive system. Authors describe a robust and compact
system obtained by using brushless motors integrated with the wheels. This construction
avoids complicated and expensive precise gearboxes and significantly reduces the size of
the drive module. In the electronics part the authors concentrate on the on-board
controller. It is based on the eZdsp card equipped with TMS320F2812 DSP controller.
Besides that, the electrical properties of the robot including the power supply and the
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protection circuits, are presented. In the control part the authors present a conception of
data exchange between the main and the on-board controllers using the CAN bus.
Additionally, authors describe the signal flows between the robots on-board controller and
its peripherals. The article also contains a description of performance experiments and
their results. Finally, authors present future plans regarding further development and
expanding the capabilities of the mobile platform.

Paper 0265: A Robust Control Approach towards MR Based Semi-act ive
Suspensions

A. Gholami, M. J. Mahjoob

Keywords : road vehicles, robustness, H-infinity control

Applications of controllable Electro-Rheological/l Magneto-Rheolgical (ER/MR)
dampers have attracted the interest of many researchers and vehicle engineers in recent
years. System uncertainties and linearization usually disrupt the robustness of the
designed control loop. This is an important problem against commercializing the product of
research and development of EMR dampers. In this paper, a suitable model for designing
a robust controller is presented. Attention is made specifically to nonlinear behavior of the
system. The desired semi —active controller is obtained using H method.

Nonlinear properties of ER/MR dampers have been a major challenge in the
identification and control of adaptive suspensions incorporating these types of smart
materials. The Extended Bouc-Wen model is used here to model the nonlinear MR
damper. The nonlinearities of MR damper cause some disturbances in the control signal.
The disturbance model is derived comparing the linear model and nonlinear model.

To design the H robust control system three weighting functions are selected. These
weighting functions shape the sensitivity function and complementary sensitivity function
and control signal. The H controller for MR-based semi-active suspension is designed
and simulated while the nonlinear properties of MR damper are fully considered. The
performance of the controlled system is then evaluated. It is observed that the sensitivity
transfer function has a low gain in the frequency range where road disturbances have
strong dynamics (see figures below). In addition, the limit on the control signal is satisfied.
Based on the results obtained, it is understood that the proposed control approach can
bring the desired performance besides the necessary robustness against uncertainties.

Bode diagram of sensitivity function Bode diagram from road disturbance to ¢

122



Paper 0261: GA Optimized Fuzzy Logic Control of a Light Tracker Mobile
Robot
B. Dadashzadeh, M. J. Mahjoob, C. Locus

The heading control of a three wheeled mobile robot (TWMR) is investigated. At first,
the inverse and forward kinematics model of the robot is obtained. Assuming no track-
wheel slippage, the TWMR has two degrees of freedom and needs only two driving
actuators/motors. To model the robot inverse kinematics, the governing equations to track

Fig. 1. The heading error and distance of roblmnfdesired point

@)

(b)
Fig. 2. (a) Optimized membership functions of hiegerror
(b) Generated trajectory of TWMR using fuzzy logantroller

a desired path are derived. To verify the results, the TWMR is modeled in forward
kinematics using simulation as well as experiment. The results show good agreement
between the desired path and the trace generated by the robot. Therefore, the simulated
forward kinematic model of robot is used to design controllers. A heading task is defined
for the robot as shown in Fig. 1. The TWMR starts from a specific location and orientation
and approaches a defined point (target). The feedback of heading error can be attained
using the light tracker sensor mounted on the robot. A Sugeno-type fuzzy logic controller is
designed and its membership functions are optimized using genetic algorithm (GA) for the
best results possible. The inputs of the controller are the error of heading angle and the
distance from desired point. The outputs are the angular velocities of the actuators. To
measure the efficiency of the controller we calculate the overall traveling time until the
robot stops. Figure (2) illustrates the optimization results for the case and . The optimal
time for this case is . Finally, a PID controller is developed for the same duty and is
optimized using genetic algorithm. The results show that the optimum traveling times for

123



the two controllers have not a big difference but the results of the optimized fuzzy controller
is somehow better than the PID controller. Also, it is shown that an optimized controller for
a specific case can be used for other similar cases without considerable deviation from
optimum performance.

Thursday, 30th August, 2007
Regular, OP: Optimization

Norwid Il Room, 11:30 - 13:10
Chairs: A. ochowski, N. Bizdoaca

Paper 0066: Close-to-Optimal Adaptive  Multivariable  State-Feedb  ack
Controller with a Priori Anti-Windup Compensator
D. Horla

The paper presents a new optimal (in the case of known parameters) multivariable
state-feedback control algorithm with a priori one-step anti-windup compensator that is
implicitly present in the

proposed controller. The optimal control vector is a result of a convex optimisation
procedure utilising the theory of linear matrix inequalities and has stabilising properties.

Paper 0067: Multivariable Generalised Anti-Windup Compensator f  or
Amplitude and Rate Constrained Systems — an Optimiz ~ ation Approach
D. Horla

The paper presents two new algorithms for optimal a priori anti-windup compensation
for multivariable systems with amplitude- and rate-constrained control vector. Both anti-
windup compensators can be easily extended for different control constraints, e.g.~vector
length constraints by optimisation approach, what would be equivalent to introducing new
requirements into

optimisation problem. Due to a quadratic programming form of the problem and
possible extensions mentioned above, linear matrix inequality approach has been taken
with appropriate simulation results given.

Paper 0145: Evaluation of Levenberg-Marquardt and Dog Leg Optim  ization
Algorithms for Small Scale Problems
M. Ja wi ski, B. Putz

The paper compares two optimization algorithms, the Levenberg-Marquardt algorithm
and Dog Leg algorithm, in the case of small scale problem (e.g. fundamental matrix
estimation used in stereo vision). Optimization algorithms are used in computer vision to
minimize cost function when computing fundamental matrix, trifocal tensor or performing
bundle adjustment on pack of many images. Levenberg-Marquardt is a standard
optimization algorithm, because of its efficiency and use of sparse structure when
computing Jacobian matrix. Less known is the Dog Leg trust region algorithm, developed
by M. Powell. It can also benefit from sparse structure and has possibly less computational
cost.

When optimizing fundamental matrix as a part of scene reconstruction algorithm, we
have only 33 parameters (in the case of seven correspondence points between images),
and this is significantly less than in a bundle estimation problem. The Dog Leg may not be
the best algorithm for this problem, due to its accuracy or time of optimization.
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In the paper, a short introduction to trust-region algorithms is given, which helps to
understand the Dog Leg algorithm, and main steps in the algorithm. A Java PDL code
template is presented, illustrating implementation of the Dog Leg algorithm.
Implementation of algorithms and test cases is described, and test results are presented.

Test results for the test functions with variousnber of parameters

Algorithm

Levenberg-Marquardt Dog Leg
Function\ Result Time [s] MAPE [%] Time [s] MAPE [%)]
Quadric, 12 0,016 1.4780497179524439 0047  2.0509618786427497
parametel
Quadric, 33 0,031 1.4018264123365018 0406  9.593073630312977
parametel
Gauss, 1:

0,047 6.005197931286683E-14 0,063  3.8393788732%3EB43
parametel
Gauss, 3: 0,859 1.2632477941762075 2,406  5.092434421779226
parametel
Branins’s rcos, 1. ¢ 155 3.2043186743037695 0,140  8.463219874305054
parametel
Branins's rcos, 3! 54 1.6429134700719619 0391  1.8013661890561135
parametel

The test results show, that in case of small scale problems, the Levenberg-Marquardt is
faster and gives more precise results. In order to find the cause of this, profiling was
performed in the case of Dog-Leg algorithm optimizing 33 parameter matrix. Profiling
results, which show the cause of efficiency problems, are discussed.

Paper 0202: Multiple Multi-Objective Optimisation of Servomecha nism
Control Systems Design - Evolutionary Approach
P. Wo niak

In designs evaluated by multiple criteria there is, in general, no one optimal result.
Instead, a set of non-dominated or Pareto optimal solutions may be considered. Increasing
number of specifications to evaluate the performance leads to cumbersome and
sometimes unachievable trade-off analysis. This results in complex and difficult, if not
unsolvable, decision-making issues. Reduction in complexity of some problems may be
achieved by decomposition strategy. Instead of dividing the system into several separate
smaller problems we propose the multiple Multi-Objective Optimisation Problem (MOOP)
formulation. The performance of the system of interrelated sub-problems, each considered
a MOOP, depends on external parameters — the context. Resulting MOOPs still are
coupled and contribute to the solution of the overall design.

Search of solutions, capable to perform consistently under varying parameters and/or
operational conditions, called hereafter the context, is significant part in the development
presented in the paper.

The objective of this paper is thus twofold. First, a procedure is proposed for the
evolutionary multi-objective optimisation problem solution under the changing context.
Second a new coordination mechanism which guarantees that the final selection leads to a
design that is Pareto optimal for the overall optimisation problem.

The methodology we present in this paper aim in integration of the MOOPs, while
steering clear of the high dimensionality problems. The Pareto optimal solutions of the
MmMOOP are evaluated by introducing order of the multi-objective sub-problems. The
shared decision space of MOOPs is considered as a connecting bridge enabling reduction
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of the second and consecutive sub-problems, to the non-dominated sorting step of the
evolutionary algorithm only.

To demonstrate the prospective applicability the servo-mechanism robot system design
problem is considered. We will consider the so-called mechatronic servo system i.e. the
servo system adopted in the numerical control machine or industrial robot with many joints.
Generally, dynamic characteristics of robot actuators and sensors are highly nonlinear with
constraints, and these factors cause trajectory control errors. Feeding back the difference
between the robot servomechanism velocities enables force adjustment.

The performance criteria for robot control optimisation may be broadly divided into two
categories: constraint-based criteria, and operational goal-based criteria.

In the considered redundant robot control problem the context is defined by constraint-
based criteria (C1-C5). While it is essential to keep the system from violating these
constraints during operation, their values are not objectives of optimisation. Instead, their
values may differ from one context to another. In each context every constraint is kept
constant during optimisation.

Thursday, 30th August, 2007
Regular, Sch: Scheduling and Manufacturing Systems

Reymont Room, 11:30 - 13:10
Chairs: A. Janiak, H.T. Kim

Paper 0193: Quick Wafer Alignment using Feedforward Neural Netw  orks
H. T. Kim, K. W. Lee, B. K. Jeon, C. S. Song

Alignment is the procedure of adjusting current position of a machine to make the best
contact between a product and a tool in the manufacturing process. When we place a
wafer or a PCB on the working table, the relative position between the tool and the wafer
always varies after loading. Semiconductor requires high accuracy and its size is very
small, so the slightest difference affects decisively to its quality. The difference cannot be
overcome by loading technique, so alignment technology has been developed.

This study proposes a wafer alignment method using a feedforward neural network.
The idea of neural model comes from manual alignment done by operators. The operators
watch a vision screen inspected from cameras and magnifier. They sense misalignment
and determine the amount of adjustment by experience. Therefore, if we can train the
relation between misalignment and adjustment, we can build an alignment model without
kinematics. A frame grabber was installed for watching the surface of a wafer and
misalignment.

And we think that some extreme cases are trained in the neural network, it will be more
effective. 15 sets of the misalignment and adjustment were chosen and evaluated by
conventional method.

Two kinds of networks were constructed, one of which had pure linear activation
function, and the other had bi-sigmoid. The inputs of them were misalignment and the
outputs of them were the positional adjustment. The network had 4 inputs, 3 outputs and 5
units in the two hidden layers. The values of the inputs and outputs are very high for neural
network, so scaling factors are multiplied to the inputs and outputs. The 15 cases of the
desired inputs and outputs were found by conventional methods. The training method was
back propagation with adaptive learning and momentum. The alignment had macro and
micro steps, but the networks were effective for the macro only. The micro has different
magnification, but system geometry doesn’t change, so the network can be shared by
MUX which had different scaling factor from the macro.
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After training, a PCB was aligned in arbitrary situation using conventional and neural
model. The alignment was repeated until the misalignment decreased below 1.0 pixel in
the machine vision.

In the test, automatic alignment was successfully accomplished for all the cases. After
checking the number of repetition, we found that the alignment model is better for macro
alignment. It reduced the number of alignment about 30% but the result was worse for
micro alignment. Therefore the proposed model can be useful for automatic alignment in
the wafer processing.

Paper 0228: Subsidize-Free Cost Allocation Method for Infrastru cture Market
Game
M. Kaleta

On complex infrastructure markets the limitations for free commodities trade occur.
Usually, these limitations result from physical nature of commodities and required
infrastructure, e.g. transmission network in the telecom and energy sectors, and constitute
so called infrastructure costs. If system resources are unlimited, the market uniform price is
a sufficient tool for fairly economic benefit distribution. However, if the system constraints
become active and economic benefit becomes lower, then more sophisticated costs
allocation mechanism is necessatry.

Usually, in many practical cases the simplistic arbitrary cost-allocation rules are used.
Recently, the marginal nodal pricing became more and more popular method, especially
for designing the electrical real-time energy balancing markets. However, nodal pricing
suffers from high sensitivity — in each node marginal player with local market power
appears. Finally, this is not a complete market solution — it is designed for systems where
only transmission constraints are dominant. Recently, above drawbacks made researchers
moved towards approaches based on game theory, which were successfully applied for
cost allocation for other problems.

In the paper we formulate problem as a cooperative game of players representing
system constraints (infrastructure market game, IMG in short). It is artificial game in the
sense that players decisions are already known and game theory is only to logically justify
admitted allocation. The aim is to find game rules (allocation rule) under which players
decisions, which are known apriori, form equilibrium point.

Classical game theory approaches distribute cost exactly for actual resources
availability. This is known as an efficiency or break-even properties (or axiom). Subsidizing
means that player entering into common business causes cost increase higher then the
value he will be charged — thus, other entities must cover some portion of this cost. In the
paper we show that subsidize-free allocation cannot meet efficiency (break-even)
condition. Thus it is necessary to relax conditions for efficiency. Most of known cost
allocation methods, including Shapley value, Aumann-Shapley pricing, SCRB method,
core of the game, assume that an allocation must satisfy break-even property rigidly, so
they are not satisfactory in our context.

The main achievement of our investigation is a new method for allocation costs of
market infrastructure which assures that allocation is free from subsidies. We relax
condition for break-even allocation property of total joint cost, but prevent to break the
incremental cost tests which are acknowledged as a subsidize-free allocation conditions.
Subsidize-free allocation can be obtained by multi-criteria model MASIT. From the set of
effective solutions of the problem MASIT the solutions which equally treat players of the
similar impact on infrastructure costs are preferred. These solutions can be obtained due
to equitable rational preference relation. In computational practice the problem can be
formulated as a multi-criteria linear programme MASIT_OWA, for which effective solutions
are also equitable solutions of problem MASIT.
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Paper 0275: Application of Constraint Logic Programming Environ ment for
Decision Support in Scheduling Problems
P. Sitek, J. Wikarek

Decision support systems provide decision-makers with an interactive environment for
analyses of information with various models to help solve unstructured and NP-hard
problems. Al and OR approaches have complementary strengths: Al in domain-specific
knowledge and OR in efficient computation. Constraint Logic Programming (CLP)
combines these complementary strengths of the Al and OR approaches. Constraint logic
programming is a framework for modeling constraint satisfaction and optimization
problems. To use techniques of constraint programming efficiently in applications some
knowledge and experience of the problem domain is demanded.

In this paper we present how scheduling problems can be solved in the constraint logic
programming environment. We also demonstrate the use of CLP as a potential decision
support system tool, focusing on the model representation and analysis problems. To
implement scheduling problems, the CLP system ECLiPSe can be used. The proposed
approach can be considered as a contribution to scheduling problems with additional
resources applied in SMEs (Small and Medium-Sized Enterprises), where this kind of
resources can have influence on production and delivery schedules. That is especially
important in the context of cheap, fast and user friendly decision support in SMEs. Great
flexibility of the proposed approach and practically unlimited possibilities of asking
guestions through creating predicates cannot be overestimated. What is more, the whole
decision system can be built in one modeling and programming environment, which lower
costs and ads to the solution effectiveness. The CLP-tools fulfill the need of intelligent
production management structures and can be based successfully in cases of job-shop
scheduling problems with external resources. The proposed approach seems to be a
viable alternative option for supporting quite a number of decision making processes in
SMEs.

Paper 0256: New Approach to Resource Allocation between Operati  ons
Described with Concave Dynamic Model
M. Gorczyca, A. Janiak

The need of efficient resource allocation between operations exists in many fields of
modern industry. Many models of operation processing was proposed and analyzed so far.
We consider concave dynamic model, where the speed of processing depends in a
concave way on amount of resource allotted to the operation. It is widely applied in a
scheduling of projects described by differential equations and is of special importance,
since it appears very often in real-life situations. In the paper, we analyze the problem of
allocation of single renewable and constrained resource over time in order to process the
complex of n independent operations. The operations processing is given with the
following dynamic model:

Kt @), i=L..n,

dt
where:
X (t) - the state of the i-th operation at time t,
U (t) - the amount of resource taking part in performing of the i-th operation at
time t,

f, (¥ - continuous, increasing and concave function, for which f, (0) =0.
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The final state )A(I 3 0 of operation i = 1, ..., nis given in advance and we assume that
x (0) =0. We use vector notation to describe the final state X:=(X,,...,X,) of operations

and the resource allocation U(t) := (u,(t),...,u,(t)) . Time of completion of all operations is
given by:

TR.U() = Max(T, (%t (O),...T, (%, U, O}
where the completion time T, (X ,U. (t)) of the i-th operation is the moment in which this
operation achieved its final state: T, (X ,U;(t)):=min{t|x (t) = X} . The global available

amount of resource U >0 is known in advance and resource allocation is feasible if the

following constraint is satisfied:
n

u(t)£U .

i=1
The problem is to find such feasible resource allocation g* (t) for which time of completion
T(X,u(t)) is minimized: T(X,u’ (t)) = min,q, T(X,u(t)).

Although many papers were devoted to analysis of the dynamic concave model of
operations and scheduling problems with such operations, the only approach considered
so far seems to have limited practical application. This approach allows to obtain exact
solution (i.e. the optimal resource allocation in time) but certain equation has to be solved
before we can calculate the solution. Unfortunately, even for simple instances this equation
could be difficult to solve and there is no analytical solution for many cases. In the paper,
we propose the idea of different approach, which allows to obtain exact solution without
solving the mentioned equation. In order to check the performance of the proposed
approach computational experiment was performed and its results are analyzed. The
conclusion and directions of further research are given.

Paper 0257: New Approach to Resource Allocation in the Problems of
Scheduling of Tasks Described with Concave Dynamic Models
M. Gorczyca, A. Janiak

The dynamic model of task was introduced to model resource allocation in processes
described by differential equations. This model was later used in the scheduling theory. In
the scheduling problems with concave dynamic models of tasks the speed of the task
processing by a processor depends in a concave way on the amount of the continuously
divisible resource allotted to the task. This model appears very often in practice. Some of
real-life applications are: refueling of the fleet of the boats in the given critical time,
scheduling of tasks in the multiple computer systems and the forging process in the steel
plants.

Scheduling problems with dynamic models of tasks and parallel processors are called
discrete-continuous scheduling problems. These problems were analyzed for many
criterions, e.g. makespan, mean flowtime, lateness and resource level. It is also worth to
mention, that in the scheduling field the dynamic models were used not only to describe
task processing. One of the examples is the problem with dynamic models of release
dates, where task preparing for processing is described with the dynamic model. In the
paper, the most frequently considered discrete-continuous scheduling problem is analyzed.

Methodology of solving the discrete-continuous scheduling problems distinguishes two
phases of the solution construction. In the first phase feasible schedule of tasks on a
processor or processors is constructed. In the second phase optimal resource allocation
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for a given schedule is to be found. This optimal resource allocation is obtained by solving
the constrained convex optimization problem. The objective function of such problem is
given by analytical solution of certain equation. Unfortunately, the mentioned equation is
either difficult or impossible to solve for many cases. Overcoming of this disadvantage was
motivation to write the paper.

The idea of constructing different objective function without solving the mentioned
equation is proposed. Properties of such objective function are analyzed. Computational
experiment has been done to check the performance of the proposed method and the
results of this experiment are described. Finally, the conclusion and directions of further
research are given.
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HOW TO REACH SZCZECIN
Szczecin is easily accessible by plane, rail, ferry and road.

By air

The nearest airport is that of Szczecin (airport code: SZZ) situated 40 km away
from city center. The airport is reached by scheduled flights from Warsaw (WAW)
daily, several times a day, and from London-Stansted (STN) daily, once a day.
The flights are operated by LOT Polish Airlines (http://www.lot.com), member
of Star Alliance, and by Ryanair (http://www.ryanair.com), respectively.
The second nearest airports are those of Berlin, Germany, which are almost 200
km distant from Szczecin.

By sea

Regular ferry lines are operated every day from Copenhagen (Denmark) and
Ystad (Sweden) to Swinoujscie (110 km distant from Szczecin). Shipping service
is provided by Polish Baltic Shipping Company Polferries (http://www.polferries.pl)
and by Unity Line (http://www.unityline.pl)

N.B.

Special minibus service, directly to Szczecin Center will be available on request at
Szczecin Airport and Swinoujscie Ferry Terminal free of charge, as well as at
Berlin airports at a charge of USD 25 (or EUR 20). Please provide the Conference
Secretariat with your flight number, date, time of arrival at the airport (also airport
name or code, if in Berlin) or ferry terminal as soon as the information is available.
This information will aid organizers in making arrangements with the minibus
service bureau.

By train

Szczecin lies on the railway Szczecin-Warsaw and has several convenient direct
rail links with major Polish cities, and also with Berlin on weekends. There are also
extensive rail links which is accessed by direct trains from Amsterdam, Berlin and
Hannover. Detailed information may be found at http://rozklad.pkp.pl
or http://bahn.hafas.de.

By car

Szczecin is easily accessible via the European Route E65 (domestic Route No. 3).
Participants coming from Western Europe are advised to use the
Pomellen/Kolbaskowo border crossing point on the motorway All (European
Route E28) Berlin-Szczecin, which is connected with E65.
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INFORMATION ABOUT SZCZECIN

Szczecin is a city situated in the north-west of Poland, where the river Odra meets
the Baltic Sea (through Szczecin Bay). For centuries this location has been the
junction for major European transit routes, from the west to the east and from the
north, through the Baltic, to the south of Europe. Szczecin is also the capital of a
new province, the Western Pomeranian Province. This is the result of the recent
reform of the national administration.

Szczecin is a city with over a thousand years of tradition and turbulent history, and
is also the historical capital of Western Pomerania. Its most illustrious period was
the time of the reign of the dukes of the Griffin dynasty, when the city belonged to
the Hanseatic League. At this time the city was one of the most powerful ports and
trade centres on the Baltic. In the 17th century, after the termination of the line of
descent of the Pomeranian dukes, the strategic location of Szczecin became the
cause of numerous armed interventions from adjoining nations - Denmark,
Sweden, Brandenburg and Germany. At the end of the 19th century the city
experienced a period of particularly dynamic economic development, as capital
flowed in from all over Europe. The port, maritime economy and cargo transport
developed extremely rapidly. After the end of the Second World War, the
reconstruction of the destroyed city was taken care of by settlers from all over
Poland, who arrived in Szczecin and in the area of Western Pomerania in large
numbers. Although the former image of the city changed, its unique character was
preserved with the captivating charm of historical, secessionist architecture and
the beauty of its lustrous vegetation.
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