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MESSAGE	FROM	THE	PRESIDENT	OF	THE	MEDITERRANEAN	CONTROL	

ASSOCIATION	(MCA)	
Welcome to the 25th Mediterranean Conference on Control and Automation (MED’17)!  

Welcome to Valletta, Malta! 

 

The MED conferences have always been about bringing together researchers, scientists and engineers 

in the area of Control Systems and Automation from the Mediterranean countries, who share much 

more than technical interests, among other things, culture and history. Ever since the 1st MED, there 

has been strong and continuing interest in the MED conferences. Researchers as well as organizations 

do appreciate the value and contributions of the MED to the field of Systems, Control and Automation 

and to the profession. 

 

The very first MED took place in 1993 in Chania, Greece and over the next quarter century the MED 

has been in Cyprus, Italy, France, Croatia, Turkey, Israel, Portugal, Morocco, Spain and several times 

in Greece (for a complete list of the MED conferences, see www.med-control.org). This year we are 

meeting in Malta for the first time; big thanks to Simon Fabri, the MED’17 General Chair.  

 

Since the beginning, the MED conferences have been technically co-sponsored by the IEEE Control 

Systems Society and the IEEE Robotics and Automation Society, and they have consistently kept high 

quality standards both in the technical program and the conference organization. This is primarily due 

first to the authors, who submit technically sound papers, and also to the tremendous effort of all the 

volunteers involved in the technical evaluation of these papers and in the organization of the 

conferences. I would like to take this opportunity to thank them all for their time, effort and wonderful 

work. Thank you!  

 

The Mediterranean Control Association (MCA) is the sponsoring, parent organization, which selects 

the organizers and venues, and oversees all the MED conferences. MCA was founded in 1998 and is 

registered in Cyprus as a non-profit organization (see the MCA website at www.med-control.org ). 

 

I hope you do experience and enjoy what MED'17 has to offer, and you take full advantage of your stay 

in Malta, taking in the sites and also relaxing. Let’s make MED’17 a huge success!  

 

As a reminder, the MED Conference Proceedings may be found on line at http://ieeexplore.ieee.org. 

The Proceedings of early MED Conferences may be downloaded from www.med-control.org 

 

In 2018, the 26th MED (MED’18) goes to Zadar, Croatia and I hope to see you all there, as well! 

 

Thank you for your participation and contributions to MED’17!  

 

Panos Antsaklis, President 

Mediterranean Control Association (MCA)
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MESSAGE	FROM	THE	GENERAL	CHAIRS	OF	THE	2017	MEDITERRANEAN	

CONFERENCE	ON	CONTROL	AND	AUTOMATION	
 

Dear Participants, 

 

It is a great pleasure to welcome you to Valletta for the 2017 25th Mediterranean Conference on Control 

and Automation. This is the first time that the MED series of conferences is being held in Malta, right 

in the middle of the Mediterranean sea; a most appropriate location for MED’s silver jubilee!  

 

Set inside the 17th century historical campus of the University of Malta, which encompasses striking 

baroque features together with modern conference facilities, this year’s MED offers an interesting 

Technical Programme comprising several contributed papers and three Invited Sessions covering 

various topics on automation, systems, robotics and control. This year’s edition attracted 354 paper 

submissions from many different locations around the world, from which 246 were accepted after peer-

review.  

 

This year’s MED is hosting three highly acclaimed keynote speakers delivering a plenary lecture on 

each day of the conference. We are deeply grateful to Prof. Visakan Kadirkamanathan, Prof. Marios 

Polycarpou and Prof. Raffaello D’Andrea for accepting our invitations. 

 

A word of praise and thanks is due to all members of the Organising Committee who worked very hard 

to make this conference a success. Without their support, this event would not have been possible. 

Thank you also to the International Programme Committee, the reviewers, the staff of the University of 

Malta Conferences and Events Unit, Pradeep Misra at PaperCept and the MCA President Panos 

Antsaklis for his continuous advice and recommendations.  

 

We do hope that you will find this conference fruitful for your research endeavours, as well as an 

opportunity to get to know the unique attractions that the Maltese islands can offer in terms of history, 

culture, sightseeing and relaxation.  

 

We wish you a good conference and a pleasant stay in Malta. 

 

 

Simon G. Fabri and Didier Theilliol 

General Chairs, 25th Mediterranean Conference on Control and Automation 
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LOCAL	AND	PRACTICAL	INFORMATION	

 

Travel Information 

 
The easiest way to reach Malta is by air, although sea passenger routes from Malta to Sicily are also 

possible. Malta International Airport is very well connected with all major European and nearby cities 

through several airlines and flights. The airport is located just 8km away from the capital city Valletta, 

with convenient means of transportation linking the two. This journey, by taxi, bus or Airport Shuttle 

Service, normally takes no longer than 45 minutes maximum. At current rates, a taxi from the airport to 

Valletta costs around €15, a single journey bus ticket costs €2 (day) or €3 (night) per person, and the 

Airport Shuttle Service, which can be pre-booked online, costs around €9 per person.  

 

Malta is a full member of the European Union with the Euro (€) as its national currency. It is a 

member of the Schengen area. Some countries require a visa to enter Malta. Full information can be 

found at https://integration.gov.mt/en/ResidenceAndVisas/Pages/Conditions-to-Enter-Malta.aspx. 

 

Travelling by bus is the cheapest way to move around Malta. Buses are identified by their green and 

white colours. The service operates daily between 05:30 and 23:00. Single journey tickets can be 

purchased directly from the drivers on all buses, and a 12-journey Single Day card or a 7-Day Explore 

card are also available from the Sales and Information Office in the Arrivals Lounge of the Malta 

International Airport, as well as other from partner resellers across Malta and Gozo. More information 

can be found online at https://www.publictransport.com.mt. 

 

In Malta, the average temperatures in July are around 27 degrees Celsius, peaking at 32 degrees during 

certain times of the day. Thus light clothing and supplies of fresh water are highly recommended. The 

electricity supply is 230 volts AC, 50Hz with British Standard square pin 13-amps sockets. Driving is 

on the left hand side of the road. 

 

The Conference Venue 

 
MED’17 will be held at the University of Malta Valletta Campus, a unique and historic 17th century 

building. This was the very first seat of the University in Malta, and is still popularly referred to as the 

‘Old University Building’. Nowadays the premises are home to the University’s Conferences and 

Events Unit, as well as the International Collaborative Programmes Unit. Also hosted within the 

premises are the offices of the International Institute of Justice and the Rule of Law. The venue is 

centrally located in the capital city Valletta, within walking distance of several hotels in Valletta itself 

and the nearby town of Floriana. Numerous other hotels at various price ranges are available in 

the town of Sliema, located just across Marsamxett harbour from Valletta. These are within easy reach 

by bus or a very quick 15-minute ferry trip taking you directly across the harbour from Sliema to 

Valletta. More information on the ferry service can be found at 

http://www.vallettaferryservices.com/index.html.  

 

The official address of the venue is The University of Malta, Valletta Campus, Triq San Pawl (St. 

Paul's Street), Valletta, Malta VLT1218. It can be found on Google maps from this link: 

https://www.google.com/maps/place/St+Paul+St,+Valletta,+Malta/@35.8974298,14.5135872,18z/data

=!4m5!3m4!1s0x130e452c9e345e17:0x5542d339387a4c1e!8m2!3d35.8965998!4d14.5129757 

 

MED’17 plenary lectures will be held in the Aula Magna (Conference Hall) located on the First Floor 

of Valletta Campus. Technical and Invited Paper sessions will take place in the six rooms located on 

the ground floor, labelled as Meeting Rooms 1 to 6 in the plans shown on the next page. Wi-Fi is 

available at the venue for all participants, as well as Eduroam access. The Registration Desk will be 

open between 18:00 to 20:00 on Monday 3 July 2017, and 8:00 to 9:30 on Tuesday 4 July 2017. 
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Conference Information 

 
All participants must check in at the Registration Desk to collect their conference package. This 

includes a pen drive with softcopy proceedings, the Book of Abstracts and Identity Tags. The name 

tags must be worn at all times when attending conference events. The Registration Desk will be open 

between 18:00 to 20:00 on Monday 3 July 2017, and 8:00 to 9:30 on Tuesday 4 July 2017 at the 

conference venue. 

 
The registration policy of MED’17 is detailed hereunder: 

 

Early Bird Full Registration Fee payable until 6 May 2017 midnight CET: €490. 

 

Late Full Registration Fee: €580. 

 

Early Bird Student/Retiree Registration Fee payable until 6 May 2017 midnight CET: €280. 

 

Student/Retiree Late Registration Fee: €340. 

 

One Full Registration covers up to a maximum of 2 final paper uploads. One Student/Retiree 

Registration covers 1 final paper upload only. Additional uploads are possible at a fee of €150 

per extra upload.  

 

The maximum number of pages allowed per paper is six. Pages above this limit, up to a 

maximum of two, will incur extra charges of €100 per page.  

 

The Full Registration Fee covers access to all technical sessions, 3 lunches, coffee breaks, Welcome 

Reception, Gala Dinner including transport, Wi-Fi access, conference pack including pen drive with 

Proceedings and Book of Abstracts. 

 

The Student/Retiree Registration Fee covers access to all technical sessions, 3 lunches, coffee breaks, 

Welcome Reception, Wi-Fi access, conference pack including pen drive with Proceedings and Book of 

Abstracts. 

 

Social Programme 
 

The MED’17 social programme consists of: 

  

A) Welcome Reception on Monday 3 July 2017 at 18:30, Valletta Campus.   

This event is included in the Registration Fee. Tickets for accompanying guests cost €25 per person. 

 

B) Optional Valletta Evening Tour on Tuesday 4 July 2017 starting from Valletta Campus at 

18:45. 

Tickets at €40 per person. The tour consists of a one-hour walk through the streets of Valletta, 

embellished with spectacular Baroque façades that date back to the 16th, 17th and 18th centuries. Built 

by the Order of St John after the Great Siege of 1565, Valletta was intended to serve as headquarters 

for the Order and as the new capital of the country. In fact it is still the main administrative centre of 

the Island, home to the Maltese Parliament and the Offices of the President and the Prime Minister. The 

walk proceeds to the Barrakka Gardens, an ideal spot for photography enthusiasts as it offers a 

commanding view of the whole Grand Harbour. The view spans from the industrial area of Corradino 

and Marsa to the Knights’ fortifications of the three cities (Senglea, Vittoriosa and Cospicua) and the 

breakwater built during the British Era. These views highlight some of the most significant 

developments in the history of the Maltese people. The walk is followed by dinner at a restaurant 

serving traditional Maltese food. At the end, transport to hotels will be provided for those who are not 

staying in Valletta. 

 

C) Conference Gala Dinner on Wednesday 5 July 2017. Meet at 18:15 outside Valletta Campus. 

This is included in the Full Registration Fee. Tickets for accompanying guests and Students/Retirees 

cost €60 per person. The dinner will take place at Palazzo de Piro, a 17th century Palazzo nestled in 

the bastion walls of Mdina, the old and historic capital city of Malta. Delegates will meet at 18:15 

outside Valletta Campus to take transport to Mdina. On arrival, there will be a 45-minute tour of the 
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unique walled city of Mdina, with its stunning medieval and baroque architecture. The tour will be 

followed by gala dinner, commencing at 20:00. Transport to main hotels will be provided at the end. 

 

Malta and Valletta 

 
The Republic of Malta is located in the Mediterranean Sea, 96 km south of Sicily. It is an archipelago 

of three islands, Malta being the largest one, followed by Gozo and Comino covering a total area of 

316 km2 with a population of 450, 000. Maltese and English are the two official languages of the 

country, Maltese and English being widely spoken throughout, and Italian spoken extensively.  

 

Malta is steeped in history with remains from the Neolithic period (3000BC) and influences from 

several conquerors including the Phoenicians, Carthaginians, Romans, Byzantines, Moors, Normans, 

Aragonese, the Knights of St. John, the French and the British.  

 

The capital city of Valletta, a UNESCO World Heritage site and the European Capital of Culture for 

2018, is home to several places of interest including museums, churches, cathedrals, historical palaces 

and theatres. It also hosts many restaurants, shopping malls, cultural activities and the main bus station 

that links Valletta to all the other cities, towns and villages of Malta where additional places of interest 

are available. These include Mdina, the old medieval capital city of Malta, the three cities - Vittoriosa, 

Senglea and Cospicua (accessible also by a quick ferry trip from Valletta), several archaeological sites, 

beaches and many other attractions. A visit to the islands of Gozo and Comino is also worth 

considering.  

A detailed map of Valletta is available at the end of this document. 
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TECHNICAL	PROGRAMME 

 

Plenary Lectures 

 
Tuesday 4 July 2017: 09:30 – 10:30  

MODELLING, ESTIMATION AND IDENTIFICATION OF SPATIO-TEMPORAL AND 

MULTISCALE SYSTEMS 

 

Professor Visakan Kadirkamanathan 

DEPARTMENT OF AUTOMATIC CONTROL AND SYSTEMS ENGINEERING 

THE UNIVERSITY OF SHEFFIELD, UNITED KINGDOM 

 
ABSTRACT: Advances in sensing and data acquisition systems in a 

multitude of domains, combined with information networks, have 

expanded the scope of monitoring and characterising dynamic behaviour 

of systems in many applications. The data and signals that are acquired 

from the system are typically multichannel, multivariate and in some 

cases, spatially organized. The focus of the talk is on systems from which 

spatio-temporal data are obtained. The talk will begin with a background 

to estimation and system identification giving details of the methods used. 

This is followed by a selection of problems that are characterised by 

spatio-temporal processes that set the scene for the classes of problems 

being considered. Specifically, it highlights three case studies which 

serves to illustrate the three different spatio-temporal models used in 

estimation and identification. The first case study is from the engineering 

domain with application to wind turbines. The problem of estimating the 

wind velocity and pressure fields from LIDAR-type sensor measurements 

is considered. The second case study is from the healthcare domain with application to neuroscience. 

The problem of developing a patient-specific model from intracranial EEG array signal that can 

characterize changes during epilepsy is considered. Finally, the third case study is from the social 

science domain with application to conflict modelling. The problem of developing a predictive model 

of the dynamics of conflicts from event data is addressed. The talk concludes with the challenges in 

spatio-temporal modeling. 

 
Wednesday 4 July 2017: 11:30 – 12:30  

DISTRIBUTED FAULT DIAGNOSIS OF INTERCONNECTED CYBER-PHYSICAL SYSTEMS 

 

Professor Marios Polycarpou 

KIOS CENTER FOR INTELLIGENT SYSTEMS AND NETWORKS 

UNIVERSITY OF CYPRUS, CYPRUS 

 
ABSTRACT: The emergence of interconnected cyber-physical systems 

and sensor/actuator networks has given rise to advanced automation 

applications, where a large amount of sensor data is collected and 

processed in order to make suitable real-time decisions and to achieve 

the desired control objectives. However, in situations where some 

components behave abnormally or become faulty, this may lead to 

serious degradation in performance or even to catastrophic system 

failures, especially due to cascaded effects of the interconnected 

subsystems. The goal of this presentation is to motivate the need for 

health monitoring, fault diagnosis and security of interconnected cyber-

physical systems and to provide a methodology for designing and 

analyzing fault-tolerant cyber-physical systems with complex nonlinear 

dynamics. Various detection, isolation and accommodation algorithms 

will be presented and illustrated, and directions for future research will be discussed. 
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Thursday 5 July 2017: 11:30 – 12:30  

RESEARCH IN THE FLYING MACHINE ARENA 

 

Professor Raffaello D’Andrea 

INSTITUTE FOR DYNAMIC SYSTEMS AND CONTROL 

SWISS FEDERAL INSTITUTE OF TECHNOLOGY (ETH), SWITZERLAND 

 
ABSTRACT:  In this talk I will discuss research in the Flying 

Machine Arena at ETH Zurich. The Flying Machine Arena (FMA) is a 

portable space devoted to autonomous flight. Measuring up to 10 x 10 

x 10 meters, it consists of a high-precision motion capture system, a 

wireless communication network, and custom software executing 

sophisticated algorithms for estimation and control. Various objects 

can fly in the FMA, but the machine of choice is the quadrocopter due 

to its agility, its mechanical simplicity and robustness, and its ability to 

hover. Furthermore, the quadrocopter is a great platform for research in 

adaptation and learning: it has well understood, low order first-

principle models near hover, but is difficult to characterize when 

performing high-speed maneuvers due to complex aerodynamic 

effects. We cope with this difficulty with algorithms that use first-

principle models to roughly determine what a vehicle should do to 

perform a given task, and then learn and adapt based on flight data. 

 

 

 

 

Pre-conference Tutorial 
 

On Monday 3 July 2017, from 16:00 to 18:30, the conference will host a pre-conference tutorial 

delivered by Dr. George Konstantopoulos on Nonlinear Control of Power Inverters for Smart Grid 

Integration.  

 

Dr. Konstantopoulos is a Lecturer at the Department of Automatic Control and Systems Engineering, 

The University of Sheffield, UK where he leads and manages the Control and Power Systems research 

group.  

 

Integrating renewable energy and other distributed energy sources into smart grids, which is mainly 

achieved using power inverters, is arguably the largest ‘new frontier’ for smart grid advancements. 

Inverters should thus be controlled properly so that their integration does not jeopardize the stability 

and reliability of the power network. The tutorial will present novel nonlinear control technologies for 

integrating power inverters into the smart grid in order to enhance its stability, reliability and resilience.  

 

This tutorial provides an excellent opportunity for PhD students and postdoctoral fellows who work in 

the area of control systems, power electronics and power systems to get familiar with the latest 

advancements in control design for smart grid integration. Since the above technologies will be 

experimentally demonstrated, the tutorial is also suitable for practitioners in the area of advanced 

control in power systems in order to identify new control technologies that could enhance the dynamic 

performance of modern smart grids. 
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Programme at a Glance  
 

MED 2017 Technical Program Tuesday July 4, 2017  

Track T1 Track T2 Track T3 Track T4 Track T5 Track T6 

09:00-09:30 TUOpO 
Aula Magna 

Opening Ceremony 

09:30-10:30 TUPL 
Aula Magna 

"Modelling, Estimation and Identification of Spatio-Temporal and Multiscale Systems" - Professor Visakan Kadirkamanathan 

10:30-11:00 TUAM_CoffeeBreak 
Coffee Break 

11:00-13:00 TUAT1 
Meeting Room 1 

Identification 

11:00-13:00 TUAT2 
Meeting Room 2 

Predictive Control 

11:00-13:00 TUAT3 
Meeting Room 3 

Distributed Systems 

11:00-13:00 TUAT4 
Meeting Room 4 

Optimisation I 

11:00-13:00 TUAT5 
Meeting Room 5 

Nonlinear Control I 

11:00-13:00 TUAT6 
Meeting Room 6 

Automotive Control 

13:00-14:00 TULunchBreak 
Lunch Break 

14:00-16:00 TUBT1 
Meeting Room 1 

Biomedical 
Engineering 

14:00-16:00 TUBT2 
Meeting Room 2 

Aerospace Control I 

14:00-16:00 TUBT3 
Meeting Room 3 

Modelling and 
Simulation I 

14:00-16:00 TUBT4 
Meeting Room 4 

Robotics I 

14:00-16:00 TUBT5 
Meeting Room 5 
Computational 

Methods 

14:00-16:00 TUBT6 
Meeting Room 6 
Fault Diagnosis 

16:00-16:30 TUPM_CoffeeBreak 
Coffee Break 

16:30-18:30 TUCT1 
Meeting Room 1 

Fault Tolerant Control 

16:30-18:30 TUCT2 
Meeting Room 2 

Energy and Power 
Systems 

16:30-18:30 TUCT3 
Meeting Room 3 
Optimization and 

Control in Smart Grids 

16:30-18:30 TUCT4 
Meeting Room 4 
Intelligent Control 

Systems 

16:30-18:30 TUCT5 
Meeting Room 5 

Autonomous Systems 

16:30-18:30 TUCT6 
Meeting Room 6 
Robust Control I 

18:45 Optional Valletta Evening Tour 

 

MED 2017 Technical Program Wednesday July 5, 2017  

Track T1 Track T2 Track T3 Track T4 Track T5 Track T6 

09:00-11:00 WEAT1 
Meeting Room 1 
Optimisation II 

09:00-11:00 WEAT2 
Meeting Room 2 

Robotics II 

09:00-11:00 WEAT3 
Meeting Room 3 

Modelling and 
Simulation II 

09:00-11:00 WEAT4 
Meeting Room 4 

Power Systems and 
Smart Grid 

09:00-11:00 WEAT5 
Meeting Room 5 

Adaptive Disturbance 
Rejection 

09:00-11:00 WEAT6 
Meeting Room 6 
Linear Systems 

11:00-11:25 WEAM_CoffeeBreak 
Coffee Break 

11:25-11:30 WEMCAPres 
Aula Magna 

Message by the MCA President - Professor Panos J. Antsaklis 

11:30-12:30 WEPL 
Aula Magna 

"Distributed Fault Diagnosis of Interconnected Cyber-Physical Systems" - Professor Marios Polycarpou 

12:30-13:30 WELunchBreak 
Lunch Break 

13:30-15:30 WEBT1 
Meeting Room 1 
Process Control 

13:30-15:30 WEBT2 
Meeting Room 2 
Adaptive Control 

13:30-15:30 WEBT3 
Meeting Room 3 

Robotics and Control 
Engineering 
Education 

13:30-15:30 WEBT4 
Meeting Room 4 

Networked Systems 

13:30-15:30 WEBT5 
Meeting Room 5 

Unmanned Systems I 

13:30-15:30 WEBT6 
Meeting Room 6 

Modelling and Control 

15:30-16:00 WEPM_CoffeeBreak 
Coffee Break 

16:00-17:40 WECT1 
Meeting Room 1 

Integrating Wireless 
Sensor Networks in 
Distributed Control 

Systems 

16:00-17:40 WECT2 
Meeting Room 2 
Game Theory, 

Biologically Inspired 
and Complex 

Systems 

16:00-17:40 WECT3 
Meeting Room 3 

Decentralised Control 

16:00-17:40 WECT4 
Meeting Room 4 

Nonlinear Control II 

16:00-17:40 WECT5 
Meeting Room 5 

Unmanned Systems II 

  

18:15 Meet at Valletta Campus for transportation to Mdina Tour and Conference Gala Dinner 
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MED 2017 Technical Program Thursday July 6, 2017  

Track T1 Track T2 Track T3 Track T4 Track T5 Track T6 

09:00-11:00 THAT1 
Meeting Room 1 

Aerospace Control II 

09:00-11:00 THAT2 
Meeting Room 2 
Robust Control II 

09:00-11:00 THAT3 
Meeting Room 3 

Control and 
Automation 

09:00-11:00 THAT4 
Meeting Room 4 

Signal Processing and 
Automation 

09:00-11:00 THAT5 
Meeting Room 5 

Data-Driven 
Integrated Process 

Control in Industry 4.0 

09:00-11:00 THAT6 
Meeting Room 6 

Mechatronic Systems 

11:00-11:30 THAM_CoffeeBreak 
Coffee Break 

11:30-12:30 THPL 
Aula Magna 

"Research in the Flying Machine Arena" - Professor Raffaello D'Andrea 

12:30-14:00 THLunchBreak 
Farewell Lunch 



15 

 

 

 

Abstracts 

	
Technical Program for Tuesday July 4, 2017 

  

TUAT1 Meeting Room 1 

Identification (Regular Session) 

Chair: Markovsky, Ivan Vrije Univ. Brussel 

Co-Chair: Gomez, Juan 
Carlos 

Univ. Nacional De Rosario 

11:00-11:20 TUAT1.1 

Multimodel Identification of Discrete-Time Nonlinear Singularly 
Perturbed System 

Ben Rajab, Asma (National School of Engineering of Gabes, 
Tunisia), BAHRI Nesrine, Nesrine (Univ. of Gabes, Gabes 
Tunisia, CONPRI & Univ. Le Havre), Ltaief, Majda (National 
School of Engineering of Gabes, Tunisia) 

Several physical systems are regarded as singularly perturbed 
systems. Therefore, it is necessary to determine models for these 
systems to facilitate their study. Whereas, identification problem of 
such systems is rarely evocated in literature. So, we propose in 
this work to identify the discretetime nonlinear singularly perturbed 
systems using the uncoupled state multimodel approach. This 
approach is an effective method for modeling complex processes 
such as nonlinear systems. A numerical example given 
satisfactory results is presented to show the effectiveness of the 
proposed identification method. 

11:20-11:40 TUAT1.2 

First-Order Frequency Estimator for a Pure Sinusoidal Signal 

Gromov, Vladislav (ITMO Univ), Vedyakov, Alexey (ITMO 
Univ), Vediakova, Anastasiia (Saint Petersburg State Univ), 
Bobtsov, Alexey (ITMO Univ), Pyrkin, Anton (ITMO Univ) 

This paper is devoted to frequency estimation of a pure sinusoidal 
signal. The new parameterization approach based on applying 
delay operators to a measurable signal is proposed. The result is 
the first order linear regression model with one parameter, which 
depends on the signal frequency. The estimation algorithm is 
basing on standard gradient approach. It is shown that the 
frequency estimation error converges to zero exponentially fast. 
The described method does not require measuring or calculating 
derivatives of the input signal and uses only one integrator. The 
efficiency of the proposed approach is demonstrated through the 
set of numerical simulations. 

11:40-12:00 TUAT1.3 

Application of Low-Rank Approximation for Nonlinear System 
Identification 

Markovsky, Ivan (Vrije Univ. Brussel) 

The paper considers the class of discrete-time, single-input, 
single-output, nonlinear dynamical systems described by a 
polynomial difference equation. This class, call polynomial time-
invariant, is a proper generalization of the linear time-invariant 
model class. The identification data is assumed to be generated in 
the errors-in-variables setting, where the input and the output 
noise is zero mean, white, and the noise variances is known up to 
a scaling factor. The identification problem has two sub-problems 
1. structure selection: find the monomials appearing in the 
difference equation representation of the system, and 2. 
parameter estimation: estimate the coefficients of the equation.  

The main result shows that the parameter estimation by 
minimization of the 2-norm of the equation error leads to 
unstructured low-rank approximation of an extended data matrix. 
The resulting method is computationally robust and efficient due to 
the use of the singular value decomposition. However, it requires 
knowledge of the model structure and even when the correct 
model structure is used, it leads to biased results. For the structure 
selection, the use 1-norm regularization is proposed. For the bias 
removal an adjustment of the ordinary least squares estimator is 
proposed. The resulting adjusted low-rank approximation methods 

defines an unbiased estimator for the model parameters of the 
polynomial time-invariant model. 

12:00-12:20 TUAT1.4 

Identification of IIR Systems with Binary-Valued Outputs and 
Lossy Memoryless Channels with Uncertainties 

Gomez, Juan Carlos (Univ. Nacional De Rosario) 

Gradient type algorithms for the recursive identification of Infinite 
Impulse Response (IIR) systems represented by orthonormal 
bases whose outputs are subject to binary-valued quantization 
and observed after transmission through lossy memoryless 
channels with uncertainties, are presented in this paper. The 
consistency of the estimates as well as the convergence of the 
algorithms are analyzed. The performance of the proposed 
algorithms is illustrated through simulation examples. 

12:20-12:40 TUAT1.5 

Input Design and Online System Identification Based on Poisson 
Moment Functions for System Outputs with Quantization Noise 

Mayr, Simon (Upper Austrian Univ. of Applied Sciences), 
Grabmair, Gernot (Upper Austrian Univ. of Applied Sciences), 
Reger, Johann (TU Ilmenau) 

We study optimal input design and bias-compensating parameter 
estimation methods for continuous-time models applied on a 
mechanical laboratory experiment. Within this task we compare 
two online estimation methods that are based on Poisson moment 
functions with focus on quantized system outputs due to an 
angular encoder: The standard recursive least-squares (RLS) 
approach and a bias-compensating recursive least-squares 
(BCRLS) approach. The rationale is to achieve acceptable 
estimation results in the presence of white noise, caused by low-
budget encoders with low resolution. The input design and 
parameter estimation approaches are assessed and compared, 
experimentally, resorting to measurements taken from a laboratory 
cart system. 

12:40-13:00 TUAT1.6 

Modulating Functions Method for Parameters Estimation in the 
Fifth Order KdV Equation 

Asiri, Sharefa (King Abdullah Univ. of Science and Tech. 
(KAUST)), LIU, Da-Yan (INSA Centre Val De Loire, Campus 
De Bourges), Laleg, Taous-Meriem (KAUST) 

In this work, the modulating functions method is proposed for 
estimating coefficients in higher-order nonlinear partial differential 
equation which is the fifth order Korteweg-de Vries (KdV) 
equation. The proposed method transforms the problem into a 
system of linear algebraic equations of the unknowns. The 
statistical properties of the modulating functions solution are 
described in this paper. In addition, guidelines for choosing the 
number of modulating functions, which is an important design 
parameter, are provided. The effectiveness and robustness of the 
proposed method are shown through numerical simulations in both 
noise-free and noisy cases. 

  

TUAT2 Meeting Room 2 

Predictive Control (Regular Session) 

Chair: Ito, Kazuhisa Shibaura Inst. of Tech 

Co-Chair: Acho, Leonardo Univ. Pol. De Catalunya-EUETIB 

11:00-11:20 TUAT2.1 

Efficient MPC for Permanent Magnet Synchronous Motor 

Fehér, Marek (Univ. of West Bohemia), Straka, Ondrej (Univ. of 
West Bohemia), Smidl, Vaclav (Inst. of Information Theory and 
Automation, Prague) 

The permanent magnet synchronous motor (PMSM) control poses 
a challenging task since the dynamics of the system is nonlinear, 
there are hard constraints, and computational costs should be kept 



16 

 

 

 

as low as possible. One way how to satisfy all of the requirements 
is to use the model predictive control (MPC) with a small length of 
short horizon in the MPC criterion and then try to replace the 
remaining long-horizon part with an appropriate approximation. 
This paper develops the idea of the long-horizon part 
approximation by the expected time to reach the required state of 
the PMSM. The reason of using this expected time is properly 
justified here which simultaneously causes that the number of 
user-defined parameters is reduced to minimum. Then, the MPC 
controller for the PMSM utilizing this approximation is designed for 
continuous region of admissible control actions. The advantages 
of the designed control algorithm are demonstrated by numerical 
simulations. 

11:20-11:40 TUAT2.2 

A Fast Model Predictive Control Algorithm for Linear Parameter 
Varying Systems with Right Invertible Input Matrix 

Cavanini, Luca (Univ. Pol. Delle Marche), Cimini, Gionata 
(Univ. Pol. Delle Marche), Ippoliti, Gianluca (Univ. Pol. Delle 
Marche) 

 Nowadays, Linear Parameter Varying (LPV) Model Predictive 
Control (MPC) represents a consolidated approach to optimally 
regulate multivariable nonlinear systems imposing constraints on 
inputs and outputs. The crucial drawback, in particular in 
embedded LPV-MPC, is represented by the required 
computational effort. The Quadratic Programming (QP) problem 
solved by MPC changes at each iteration, and its rebuilding 
increases drastically the time required to compute the control law. 
This paper proposes an algorithm to reduce the LPV-MPC 
computational complexity for a particular class of linear systems. 
By exploiting a coordinate transformation, the QP rebuilding can 
be avoided. The effectiveness of the novel method is shown on a 
benchmark set of random MPC problems and on a real-world case 
study regarding the control of an heat exchanger cell. 

11:40-12:00 TUAT2.3 

Hysteretic Delta Modulator to Prevent Parameter Drift in Adaptive-
Based Controllers 

PONCE DE LEON PUIG, NUBIA ILIA (Univ. Pol. De 
Catalunya-EEBE), Acho, Leonardo (Univ. Pol. De Catalunya-
EUETIB), Rodellar, Jose (Tech. Univ. of Catalonia), Vidal, 
Yolanda (Univ. Pol. De Catalunya), Gutierrez Arias, José Eligio 
Moisés (Benemérita Univ. Autónoma De Puebla) 

The realization of adaptive-based controllers in many industrial 
control applications may exhibit the parametric drift behavior 
acquiring the well known bursting phenomenon. In this work, an 
original and novel technique is proposed to eliminate this 
phenomenon. It is based on a modification of the discrete-time 
delta modulator into its continuous-time domain and then by 
adding hysteresis. To verify our proposed method, numerical 
simulations are conducted to the Van der Pol oscillator control 
regulation problem solved by using a predictive adaptive-based 
control technique, where a small output time-delay is added to 
evidence the bursting phenomenon. Moreover, the realization of 
our hysteric delta modulator does not alter the original adaptive 
parametric process, this is an important contribution with respect 
to the existent algorithms on this topic. 

12:00-12:20 TUAT2.4 

Multipoint-Measurement Multipoint-Heating Greenhouse 
Temperature Control with Wooden Pellet Fuel Using an Adaptive 
Model Predictive Control Approach with a Genetic Algorithm 

Ito, Kazuhisa (Shibaura Inst. of Tech), Hara, Yuma (Yokogawa 
Electric Corp) 

For the simplest case with a single point measurement and a 
single heater under operational constraint on heater, a model 
predictive control in previous work was already proposed and 
applied to evaluate in a real field test. The obtained results 
indicated the effectiveness of the control although searching for an 
optimal solution was essentially based on the brute-force attack. It 
is not feasible to extend the same approach to determine an 
optimal solution in the case of multipoint temperature 
measurements and multipoint heaters for calculations in a real 
time operation.par For his problem, a genetic algorithm was 
applied as a solution to regulate greenhouse temperature for the 

above-mentioned problem. Model predictive control performance 
strongly depended on the precision of the mathematical model of 
greenhouse temperature dynamics, and thus, a recursive least 
square identification strategy was also introduced to update 
parameters in the predictor on line. The control results in a 
laboratory demonstration greenhouse indicated that the proposed 
method performed well and showed an average decrease of 20-
35% in the temperature error. Furthermore, the temperature 
difference also decreased by an average of 36%. 

12:20-12:40 TUAT2.5 

Transferability of Predictive Black Box Models to Different 
Application Scenarios 

Fuhrmann, Marco (Lab. for Machine Tools and Production 
Engineering WZL), Falk, Björn (Lab. for Machine Tools and 
Production Engineering WZL), Schmitt, Robert (Lab. for 
Machine Tools and Production Engineering WZL) 

The aim of the research was to develop a concept for the 
parameter optimization of a fused deposition modeling (FDM) 
process based on predictive models. Within this project empirical 
models (black box) were created based on a specific application 
scenario. Therefore, their transferability to other application 
scenarios has to be analyzed, before they can be utilized for the 
parameter optimization of the considered process. In addition to 
the original black box models, two different approaches for 
adaptive black box models were designed. An experiment for the 
evaluation of the accuracy of the three different black box 
modeling approaches was conducted and the results of the 
analysis will be presented within this paper. 

12:40-13:00 TUAT2.6 

Nonlinear Model Predictive Control of a Gas-Liquid Cylindrical 
Cyclone 

Kristoffersen, Torstein Thode (Norwegian Univ. of Science and 
Tech), Holden, Christian (Norwegian Univ. of Science and 
Tech) 

Gas-liquid cylindrical cyclone separators are increasingly used for 
separation of hydrocarbons in the oil and gas industry. They are 
favoured for their low weight and compact design. However, a 
challenge is their small volume, which makes them sensitive to 
flow variations, which can cause operational and separation 
problems. Optimal control can improve both operational and 
separation performance. We extend a newly derived control-
oriented model to include continuous separation and use this 
extended model to propose a nonlinear model predictive control 
algorithm to improve control and optimize the purity of the gas 
product. To achieve this, one degree of freedom is freed up by 
implementing band control of the liquid level. The extended model 
is qualitatively verified in simulation and the performance of the 
nonlinear model predictive control algorithm is compared with and 
without measurement noise and with and without optimization of 
the gas product purity. 

 
  

TUAT3 Meeting Room 3 

Distributed Systems (Regular Session) 

Chair: Schuster, Eugenio Lehigh Univ 

Co-Chair: Polak, Piotr Univ. of Szczecin 

11:00-11:20 TUAT3.1 

Controllability and Optimal Control of the Transport Equation with 
a Localized Vector Field 

Duprez, Michel (Univ. D'aix-Marseille), Rossi, Francesco (Univ. 
D'aix-Marseille), Morancey, Morgan (Univ. D'aix-Marseille) 

We study controllability of a Partial Differential Equation of 
transport type, that arises in crowd models. We are interested in 
controlling such system with a control being a Lipschitz vector field 
on a fixed control set. We prove that, for each initial and final 
configuration, one can steer one to another with such class of 
controls only if the uncontrolled dynamics allows to cross the 
control set. We also prove a minimal time result for such systems. 
We show that the minimal time to steer one initial configuration to 
another is related to the condition of having enough mass in the 
control set to feed the desired final configuration. 
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11:20-11:40 TUAT3.2 

Estimation of Parameters in a Class of Hyperbolic Systems with 
Uncertain Transport Speeds 

Anfinsen, Henrik (NTNU), Aamo, Ole Morten (NTNU) 

We design four different parameter estimators for a class of 2 x 2 
linear hyperbolic partial differential equations (PDEs) with 
uncertain transport speeds. The four methods are a) swapping 
design, b) estimation using infinite-dimensional ordinary differential 
equations (ODEs) c) estimation using finite-dimensional ODEs and 
d) identifier-based design. Boundedness of the estimates for all 
cases is proved, and convergence of the estimation errors to zero 
subject to some requirements of persistence of excitation is 
proved for the first three methods. The theory is demonstrated in 
simulations, where it is shown that all estimated parameters 
converge to their true values when excited by a rich signal. 

11:40-12:00 TUAT3.3 

Maximal Asymptotics of Certain Class of Strongly Continuous 
Semigroups 

Polak, Piotr (Univ. of Szczecin), Sklyar, Grigory (Szczecin Univ) 

We consider a class of first order linear differential equations given 
in infinite-dimensional space. We study asymptotic behavior of 
individual solutions in the context of stability. In particular, we are 
looking for the slowest decoying solution, that is maximal 
asymptotics. We present some new result on nonexistence of 
maximal asymptotics for certain class of linear equations. 

12:00-12:20 TUAT3.4 

On Modal Decomposition and Model Uncertainty Bounds for 
Linear Distributed Parameter Transport Systems 

Igreja, José Manuel Cardoso (Inst. Superior De Engenharia De 
Lisboa / INESC-ID), Lemos, Joao M. (INESC-ID) 

Some distributed parameter system can be decomposed into a 
modal form for dynamic analysis and control design purposes. 
Once decomposed, high accuracy approximate solutions 
uncertainty bounds in time and frequency can be computed, 
enabling early lumping in robust controller design. In this paper the 
focus is on finding proper modal decompositions via partial fraction 
expansion for a vast class of infinite-dimensional dynamical 
systems related to the study of transport phenomena that concern 
the exchange of mass, energy, and momentum in process 
systems. A double-pipe heat exchanger in countercurrent is used 
for validation of the proposed approach. 

12:20-12:40 TUAT3.5 

Current Profile and Energy Control in DIII-D Plasmas Using 
Discrete-Time Variable-Structure Control 

Lauret, Menno (Lehigh Univ), Wehner, William (Lehigh Univ), 
Schuster, Eugenio (Lehigh Univ) 

One of the most promising candidates to produce clean nuclear 
fusion energy is the tokamak, a device magnetically confining an 
extremely hot plasma (i.e. an ionized gas) where the fusion 
reactions take place. To produce nuclear fusion energy using 
tokamak devices, it is crucial that the poloidal magnetic flux 
(characterized by the so called q profile) and the plasma internal 
energy are tightly controlled to avoid magnetohydrodynamic 
instabilities and to reach the high pressures and temperatures that 
are needed for high fusion-power density. Simultaneous control of 
the q profile and the internal energy is challenging for a number of 
reasons: the system is nonlinear, there are significant parameter 
uncertainties and large disturbances, the available number of 
actuators is small, and the actuation authority is limited from a 
control perspective. Therefore, a variable-structure controller is 
proposed in this work to tackle this plasma control problem since 
this type of controllers can typically diminish the impact of serious 
disturbances and nonlinearities while still leading to good 
performance. Simulations and recent experiments on the DIII-D 
tokamak in a challenging high-confinement (H-mode) plasma 
regime show that this control approach does indeed lead to good 
and repeatable control of the q profile and the internal energy. 

12:40-13:00 TUAT3.6 

Inverse Optimal Stabilization of 2 X 2 Linear Hyperbolic Partial 

Differential Equations 

Anfinsen, Henrik (NTNU), Aamo, Ole Morten (NTNU) 

We solve an inverse optimal control problem for a class of 
systems of 2 x 2 linear hyperbolic partial differential equations 
(PDEs). The derived controller exponentially stabilizes the system 
in the L_2-sense, and also minimizes a cost function that is 
positive definite in the system states and control signal. Two 
remarkable features of the inverse optimal controller are 1) it is 
simply a scaled version of the well-known backstepping controller, 
and 2) the controller approaches the backstepping controller when 
the cost of actuation approaches zero. The theory is demonstrated 
in simulations, where it is shown that the proposed optimal 
controller minimizes the cost functional. However, the difference in 
the cost function from applying the backstepping controller instead 
of the inverse optimal controller is minimal, with only a 5.5 % 
deviation in the simulated scenario. The proposed inverse optimal 
controller is also compared with an optimal controller designed to 
minimize a cost functional quadratic in the original states and 
actuation. Simulation examples show that the cost (with respect to 
the cost functional of the optimal controller) of using the 
backstepping or the inverse optimal controller is only slightly worse 
than the optimal value attained by the optimal controller, with the 
best value being only 2.7 % larger in magnitude. 

 
  

TUAT4 Meeting Room 4 

Optimisation I (Regular Session) 

Chair: Baras, John S. Univ. of Maryland 

Co-Chair: Diepolder, 
Johannes 

Tech. Univ. of Munich 

11:00-11:20 TUAT4.1 

Strategies to Select Optimal Switching Times for LTI Systems 

Ferrò, Giuseppe (Univ. of Rome Tor Vergata, DICII), 
Carnevale, Daniele (Univ. of Rome), Galeani, Sergio (Univ. Di 
Roma Tor Vergata), Gospodarczyk, Mateusz (Univ. of Rome 
Tor Vergata, DICII), Sassano, Mario (Univ. of Rome, Tor 
Vergata) 

 In this paper we derive switching conditions to optimize closed-
loop (transient) performance of switching controllers in case of 
linear time invariant plants. Numerical and closed-form solutions 
are provided. Simulation results are presented to show the 
effectiveness of the proposed strategies. 

11:20-11:40 TUAT4.2 

Asymptotic Policies for Stochastic Differential Linear Quadratic 
Games with Intermittent State Feedback 

Maity, Dipankar (Univ. of Maryland, Coll. Park), Baras, John S. 
(Univ. of Maryland) 

In this paper, we consider infinite horizon linear quadratic 
stochastic differential games where the games are neither open-
loop nor closed-loop. The state of the game dynamics is measured 
only when a certain switch is closed. The switch requires 
unanimous operation by the players, and continuum state 
measurements are not possible. There is an upper bound on the 
number of times the switch can be closed. Each player is given a 
quadratic cost function and the objective of each player is to 
design a switching strategy and a control strategy in order to 
optimize their respective cost function. We investigate the Nash 
control strategy and optimal switching policy for this game with two 
different cost structures: discounted cost and average-time cost. 

11:40-12:00 TUAT4.3 

Three-Dimensional Velocity Maximizing Agile Turn of Air-To-Air 
Missile with Collision Triangle Constraint 

Han, Seungyeop (KAIST), Bai, Ji Hoon (Korea Advanced Inst. 
of Science and Tech), Roh, Heekun (Korea Advanced Inst. of 
Science and Tech), Hong, Seong-Min (Korea Advanced Inst. of 
Science and Tech), Tahk, Min-Jea (KAIST), Yun, Joongsup 
(LIG Nex1), Park, Sanghyuk (Inha Univ) 

This paper expands the two-dimensional control laws for agile turn 
of air-to-air missile during initial boost phase to three-dimensions. 
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Optimal solution for agile turn is obtained in vector form using 
optimal control theory with simplified Pseudo-spectral missile 
dynamics model. Both cases with and without analytical solution 
are reviewed. Collision triangle conditions are obtained from vector 
geometry. The performance of proposed initial guidance is 
compared with Proportional Navigation Guidance law under 
different engagement geometries. Simulations verify that proposed 
method yields improved results. 

12:00-12:20 TUAT4.4 

Distributed Convex Optimization with State-Dependent 
Interactions 

Alaviani, Seyyed Shaho (Iowa State Univ), Elia, Nicola (Iowa 
State Univ) 

In this paper, an unconstrained collaborative optimization of a sum 
of convex functions is considered where agents make decisions 
using local information in the present of state-dependent 
interactions. A new framework for modeling multi-agent 
optimization problems over networks where interactions among 
agents are state-dependent is proposed. A gradient-based 
discrete algorithm using diminishing step size is proposed for 
converging to the solution of the problem under suitable 
assumptions. Eventually, some numerical examples are given in 
order to demonstrate the results established. 

12:20-12:40 TUAT4.5 

Optimizing Output Regulation for a Class of Underactuated LPV 
Systems 

Corona, Dario (Univ. of Camerino), Cristofaro, Andrea 
(Norwegian Univ. of Science and Tech), Rotondo, Damiano 
(Univ. Pol. De Catalunya (UPC)) 

In this paper the problem of optimizing the output regulation of an 
underactuated LPV system is considered. When the system is 
underactuated, only a subset of the outputs can be arbitrarily 
controlled, and the remaining ones are constrained. The problem 
of finding the input that minimizes a cost function of the overall 
output tracking error is investigated for a special class of LPV 
systems that admit steady-states. Moreover, it is shown how such 
solution is related to the inputs associated to the singularly optimal 
regulation of each output. 

12:40-13:00 TUAT4.6 

Facilitating Aircraft Optimal Control Based on Numerical Nonlinear 
Dynamic Inversion 

Diepolder, Johannes (Tech. Univ. of Munich), Bittner, Matthias 
(Tech. Univ. of Munich), Piprek, Patrick (Tech. Univ. of 
Munich), Grüter, Benedikt (Tech. Univ. of Munich), Holzapfel, 
Florian (Tech. Univ. of Munich) 

This paper investigates a novel method for high fidelity aircraft 
trajectory optimization based on numeric nonlinear dynamic 
inversion (NDI). The problem formulation exploits the fact that NDI 
yields a nonlinear feedback strategy such that the resulting closed 
loop dynamics show a linear input-output relation. By means of 
linear reference models for the different dynamic levels of the 
aircraft dynamics we are then free to choose the aircraft's dynamic 
behavior within the physical limits. Due to the reduced non-
linearity when choosing linear reference models, the solution of 
the direct optimal control problem is facilitated compared to the 
fully nonlinear case. The main contribution of this paper is a 
constraint formulation suitable for optimal control problem 
problems, which inverts the dynamic equations numerically. This 
fact makes the approach not specific to certain model equations 
but applicable for a wide class of aircraft dynamics. The approach 
is illustrated by the trajectory optimization for an air race track 
utilizing a highly agile aircraft model. For this example we use the 
fully nonlinear rigid body aircraft model including second order 
actuator dynamics for the primary control surfaces. The approach 
show good performance and despite the altered model dynamics 
the numeric NDI assisted controller yields close to optimal lap 
times compared to the direct solution of the optimal control 
problem. 

 
 
  

TUAT5 Meeting Room 5 

Nonlinear Control I (Regular Session) 

Chair: Rovithakis, George A. Aristotle Univ. of Thessaloniki 

Co-Chair: Lee, Chang-Hun Cranfield Univ 

11:00-11:20 TUAT5.1 

Prescribed Performance Tracking of Uncertain Nonlinear Systems 
with Input Quantization 

Bikas, Lampros (Aristotle Univ. of Thessaloniki), Rovithakis, 
George A. (Aristotle Univ. of Thessaloniki) 

In networked control systems, the presence of input quantization is 
a major source of destabilization and performance deterioration of 
the closed-loop system. In this paper, a continuous state-feedback 
controller is designed to guarantee not only the stability of the 
closed-loop system under input quantization but additionally the 
enforcement of prescribed performance attributes on the output 
tracking error in terms of maximum overshoot, minimum 
convergence rate and maximum steady-state error, irrespectively 
of the quantization density. The proposed controller is model-free 
and of low complexity (analytic-numerical), making its 
implementation straightforward. To avoid chattering, a hysteretic 
quantizer is incorporated. Simulation studies clarify all design 
aspects and illustrate its effectiveness. 

11:20-11:40 TUAT5.2 

Nonlinear Acceleration Controller for Exo-Atmospheric and Endo-
Atmospheric Interceptors with TVC 

Lee, Chang-Hun (Cranfield Univ), Jun, Byung-Eul (Agency for 
Defense Development), Shin, Hyo-Sang (Cranfield Univ), 
Tsourdos, Antonios (Cranfield Univ) 

In this paper, we propose a nonlinear acceleration controller that 
can be used for both the endo- and exo-atmospheric interceptors 
with thrust vector control (TVC) without changing the control 
configuration. The acceleration perpendicular to the velocity vector 
is selected as the output to be controlled. Then apply the feedback 
linearization and the specific form of the desired error dynamics to 
create the resulting controller which is given by the well-known 
three loop control structure with parameter-varying control gains. 
According to changes in altitude operating conditions, the 
proposed controller can adaptively allocate the aerodynamic force 
and the thrust to produce the required normal acceleration. Also, 
we can have confidence in the reliability of the proposed controller 
because it is given by a similar form of the well-known three loop 
controller. Numerical simulations are performed to show the 
validity of the proposed method. 

11:40-12:00 TUAT5.3 

Lyapunov Based Control Design for Cancer Gompertz-Logistic 
Generalized Model Therapy 

Costa, B.Andrade (INESC-ID/IST/TU Lisbon), Lemos, Joao M. 
(INESC-ID) 

This article explores the structure of the Gompertz-Logistic 
generalized model, that describes several cancer types, to design 
drug administration profiles. The aim is to handle the nonlinear 
behaviour of the generalized model such that the tumor size 
follows a decreasing reference target. Since the Gompertz model 
can be transformed in a linear dynamical model by applying the 
$ln(.)$ transformation, this transformation is applied to the 
Gompertz-Logistic generalized model to simplify the controller 
design formed by the $ln(.)$ function and a PI controller (LnPI). 
The Lyapunov stability analysis is employed to evaluate the LnPI 
controller. The main conclusion is this appraoch provides a 
globally asymptotically stable closed-loop for the Gompertz-
Logistic model family in the presence of model parameter 
uncertainty. 

12:00-12:20 TUAT5.4 

Verification of Feedback Linearizability Conditions for Control 
Systems of the Class $C^1$ 

Sklyar, Katerina (Univ. of Szczecin), Ignatovich, Svetlana 
(Kharkov Univ), Sklyar, Grigory (Szczecin Univ) 

We consider the feedback linearizability problem for control 
systems of the class $C^1$ with one-dimensional control, i.e., the 
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problem of the existence of a change of variables of the class 
$C^2$ and a change of the control of the class $C^1$ which map 
a given nonlinear system to a linear one. We discuss conditions of 
feedback linearizability and give an algorithm for their verification. 

12:20-12:40 TUAT5.5 

Lyapunov Density for Almost Attraction of Nonlinear Time-Varying 
Systems: A Condition without Assuming Local Stability 

Masubuchi, Izumi (Kobe Univ), Kikuchi, Takahiro (Kobe Univ) 

Stability analysis of nonlinear systems based on Lyapunov 
densities has been receiving a considerable amount of attention 
after the original work of Rantzer for almost attraction of nonlinear 
time-invariant systems. Though a stability criterion has been 
proposed also for nonlinear time-varying systems, the assumption 
of local stability of the equilibrium is needed in the previous result. 
The purpose of this paper is to provide a condition in terms of 
Lyapunov densities under which the nonlinear time-varying system 
is almost attractive, i.e. almost all of the trajectories of the system 
converge to the equilibrium, where the proposed condition does 
not need an assumption on local stability of the system. 

12:40-13:00 TUAT5.6 

Enlargement of Contractive Sets of Discrete-Time Systems: The 
Generators Approach 

Bitsoris, George (Univ. of Patras), Vassilaki, Marina (School of 
Pedagogical and Tech. Education) 

In this paper, the problem of enlargement of positively invariant or 
contractive sets of discrete-time dynamical systems is 
investigated. In contrast to the usual approach consisting in 
describing regions of system'state space by their border surfaces, 
the dual description of sets in terms of a generator matrix and a, 
generally nonlinear, generator function is adopted. It is shown that 
this description allows the development of methods for the 
enlargement of positively invariant or contractive sets by simply 
adding a new generator in their generator matrix and then by 
establishing invariance or contractivity properties of an augmented 
system. As an application of this general result established for 
nonlinear systems, an approach of enlarging positively invariant or 
contractive sets for affine systems is presented. 

 
  

TUAT6 Meeting Room 6 

Automotive Control (Regular Session) 

Chair: Consolini, Luca Univ. of Parma 

Co-Chair: Gregorcic, Gregor Qpunkt GmbH 

11:00-11:20 TUAT6.1 

Control Design of an Electro-Hydraulic Actuator for Variable-
Geometry Suspension Systems 

Nemeth, Balazs (Hungarian Acad. of Sciences), Fényes, Dániel 
(MTA SZTAKI Inst. for Computer Science and Control), 
Gaspar, Peter (Mta Sztaki), Bokor, Jozsef (Hungarian Acad. of 
Sciences) 

This paper proposes the modeling and control design of an 
electro-hydraulic actuator for the variable geometry suspension 
system. The purpose of this novel suspension type is to guarantee 
trajectory tracking through the variation of the camber angle. The 
motion of the wheel is realized by the electro-hydraulic actuator, 
whose elements are the cylinder and the electric valve. Thus, the 
trajectory tracking of the vehicle requires the positioning of the 
cylinder. First, the modeling of the system is presented using 
hydraulic and mechanical equations. Since the dynamics of the 
actuator contains several nonlinearities, a control-oriented linear 
model is formed. Second, the positioning problem of the cylinder is 
solved by using the Control Lyapunov Function technique, which is 
able to handle the discrete control input. Moreover, the control 
strategy requires pressure signals in the cylinder, which are 
estimated using a robust Hinf observer. The efficiency of the 
proposed algorithm is demonstrated through simulation examples. 

11:20-11:40 TUAT6.2 

Applying Fully Stable Cascaded Sliding Mode and PI Anti-Windup 
Controllers on Electric Vehicles 

Makrygiorgou, Jemma (Univ. of Patras), Alexandridis, Antonios 
(Univ. of Patras) 

Electric vehicles (EVs) constitute a very attractive solution due to 
environmental and technical reasons. Their reliable performance 
and efficiency is mainly based on applying effective control and 
drive techniques. Since EVs are complex electromechanical 
systems and their nonlinear description make the control design 
and analysis a cumbersome task, in this paper, sliding mode 
controllers (SMC) in cascaded with proportional-integral (PI) anti-
windup schemes are implemented and analysed. A complete 
analysis based on Lyapunov techniques is provided to prove the 
stable operation of the entire system with the proposed controller 
scheme involved. Particularly, it is proven that input-to-state 
stability (ISS) for the entire system is valid. The latter ensures 
robustness and seems to meet the operating requirements as it  

can further guarantee convergence to the desired nonzero 
equilibrium. Extensive simulations are conducted and the results 
are completely compatible with the theoretical ones verifying a 
satisfactory system performance, without adverse impacts 
between the different controller actions. 

11:40-12:00 TUAT6.3 

Predictive Rule Based Optimization Techniques for Series Hybrid 
Electric Vehicle 

Hacioglu, Ferit (AVL Res. and Engineering Turkey), Altin, Ilke 
(AVL Res. and Engineering Turkey), Aktekin, Ozgur (AVL Res. 
and Engineering Turkey), Sakalli, Ahmet (AVL Res. and 
Engineering Turkey) 

In this paper, a SHEV with a battery that is capable of supporting 
the maximum traction power demand is considered. Fuzzy logic is 
used to reduce the number of starts and increase system 
efficiency and component lifetime for SHEV in a predictive fashion. 
It has been shown that the predictive control using the future data 
for a short interval, can decrease the number of engine starts with 
a simple controller structure. Since the battery is capable of 
supporting the maximum traction power, the power split 
optimization is not considered, and the only aim is to reduce the 
number of engine starts in a drive cycle. 

12:00-12:20 TUAT6.4 

Modeling and Control of Thermal Cycles in Vehicle Electrification 

Gregorcic, Gregor (Qpunkt GmbH), Oberlechner, Florian 
(Qpunkt GmbH), Drage, Peter (Qpunkt GmbH) 

Thermal systems in electric and hybrid vehicles operate with a 
higher number of components than equivalent systems in 
conventional vehicles. While thermal management of the 
combustion engine, transmission and the passenger cabin is 
implemented in well-known and proven way, the integration of 
electric motors, power electronics and the battery introduces new 
challenges for thermal management in automotive industry. The 
battery for example needs to operate at its well defined 
temperature level. The electric motor on the other hand operates 
at different temperature level and the power electronics operates 
at yet another temperature level. The temperature and the 
humidity in the passenger cabin must assure a suitable comfort. 
This requires an air conditioning system, which again operates at 
different temperature level. Multiple levels of operational 
temperatures require an effective thermal management of the 
overall vehicle. It must also assure that components operate at 
high efficiency in order to provide the best trade-off between the 
mileage and the passenger comfort. Since thermal processes are 
nonlinear in nature, the thermal management is a complex 
process. This paper presents modeling approaches used to model 
thermal processes. The optimization techniques and some 
nonlinear control strategies for increasing energy efficiency of 
thermal cycles in vehicle electrification applications are 
highlighted. 

12:20-12:40 TUAT6.5 

Path Planning with Limited Numbers of Maneuvers for Automatic 
Guided Vehicles: An Optimization-Based Approach 

Micelli, Piero (Univ. of Parma), Consolini, Luca (Univ. of 
Parma), Locatelli, Marco (Univ. of Parma) 
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We present a path planning method for computing optimal parking 
maneuvers for road vehicles, operating in a known environment in 
the presence of static obstacles. The proposed approach is based 
on the numerical solution of the Hamilton-Jacobi-Bellman 
equations and allows finding the minimum length trajectory with a 
number of direction changes bounded by an assigned constant. 
Various numerical tests show the effectiveness of the method. 

12:40-13:00 TUAT6.6 

Common Rail Diesel Engine, Fuel Pressure Control Scheme and 
the Use of Speed - Density Control 

Caruana, Carl (Univ. of Malta), Azzopardi, Jean Paul (Univ. of 
Malta), Farrugia, Michael (Reata Engineering), Farrugia, Mario 
(Univ. of Malta) 

Diesel engines in both the automotive and industrial sectors are 
nowadays electronically controlled. Electronic control provides 
accurate real time processing of the relevant sensory data on 
which fuelling is determined. Fuel economy as well as emissions 
are very dependent on the diesel fuel quantity, timing and injection 
pressure, which in turn determines the shape of the injection rate 
diagram, the spray distribution and the fuel droplet size. NOx is 
also known to be very dependent on flame temperature which can 
be controlled by the quantity of Exhaust Gas Recirculation (EGR). 
Research on the real time control of a common rail diesel engine 
was undertaken at the University of Malta. A Peugeot 2.0HDi 
common rail engine was controlled with a custom made electronic 
Engine Control Unit (ECU). A control strategy for the diesel rail 
pressure was developed that is based on simple 1D look up tables 
rather than more complex 2D maps. This allowed the ECU 
Graphical User Interface (GUI) and ECU firmware to be very 
similar to the gasoline (petrol) version of the ECU. The 
successfully developed fuel rail pressure scheme based on RPM, 
Mass Air Flow and Torque Requirement is given in this paper. 
Furthermore the values found experimentally for the speed-density 
control of the engines are also given. Top Dead Center (TDC) 
determination based on in-cylinder pressure measurements was 
conducted to better calculate the Start of Injection (SOI) and 
Indicated Mean effective Pressure (IMEP). 

 
  

TUBT1 Meeting Room 1 

Biomedical Engineering (Regular Session) 

Chair: Tanner, Herbert G. Univ. of Delaware 

Co-Chair: Andrikopoulos, 
George 

Luleå Univ. of Tech 

14:00-14:20 TUBT1.1 

A Laser Dot Tracking Method for the Assessment of Sensorimotor 
Function of the Hand 

Karvelis, Petros (Univ. of Nebraska Medical Center), Röijezon, 
Ulrik (Luleå Univ. of Tech), Faleij, Ragnar (Department of 
Health Sciences Luleâ Univ), Georgoulas, George (Luleå Univ. 
of Tech), Sharif Mansouri, Sina (Lulea Univ), Nikolakopoulos, 
George (Luleå Univ. of Tech. Sweden) 

Assessment of sensorimotor function is crucial during the 
rehabilitation process of various physical disorders, including 
impairments of the hand. While moment performance can be 
accurately assessed in movement science laboratories involving 
highly specialized personnel and facilities there is a lack of 
feasible objective methods for the general clinic. This paper 
describes a novel approach to sensorimotor assessment using an 
intuitive test and a specifically tailored image processing pipeline 
for the quantification of the test. More specifically the test relies on 
the patient being instructed on following a zig-zag pattern using a 
handled laser pointer. The movement of the pointer is tracked 
using image processing algorithm capable of automating the 
whole procedure. The method has potential for feasible objective 
clinical assessment of the hand and other body parts. 

14:20-14:40 TUBT1.2 

Learning Models of Human-Robot Interaction from Small Data 

Zehfroosh, Ashkan (Univ. of Delaware), Kokkoni, Elena (Univ. 
of Delaware), Tanner, Herbert G. (Univ. of Delaware), Heinz, 
Jeffrey (Univ. of Delaware) 

This paper offers a new approach to learning discrete models for 
HRI from small data. In the motivating application, HRI is an 
integral part of a pediatric rehabilitation paradigm that involves a 
play-based, social environment aiming at improving mobility for 
infants with mobility impairments. Designing interfaces in this 
setting is challenging, because in order to harness, and eventually 
automate, the social interaction between children and robots, a 
behavioral model capturing the causality between robot actions 
and child reactions is needed. The paper adopts a Markov 
decision process (MDP) as such a model, and selects the 
transition probabilities through an empirical approximation 
procedure called smoothing. Smoothing has been successfully 
applied in natural language processing (NPL) and identification 
where, similarly to the current paradigm, learning from small data 
sets is crucial. The goal of this paper is two-fold: (i) to describe our 
application of HRI, and (ii) to provide evidence that supports the 
application of smoothing for small data sets. 

14:40-15:00 TUBT1.3 

Feedback Control of Impaired Cerebral Autoregulation in Preterm 
Infants: Mathematical Modelling 

Botkin, Nikolai (Tech. Univ. of Munich), Turova, Varvara (Tech. 
Univ. of Munich), Lampe, Renée (Tech. Univ. of Munich, Clinic 
'rechts Der Isar') 

Impaired cerebral autoregulation is often the cause of cerebral 
hemorrhage in preterm infants. The place of cerebral bleeding is 
most frequently the germinal matrix being a highly vascularized 
layer of neuronal and glial precursors. A passive, linear, 
dependency of the cerebral blood flow on the arterial mean 
pressure leads to damage of fragile blood vessels of the germinal 
matrix. A mathematical model of impaired cerebral autoregulation 
is proposed. Feedback controls, which are able to compensate 
fails of autoregulation, are constructed and their robustness 
against all unpredictable admissible disturbances is proven using 
techniques of viability theory. 

15:00-15:20 TUBT1.4 

Automatic Artificial Ventilation Therapy Using the ARDSNet 
Protocol Enforcing Dynamical Constraints 

Pomprapa, Anake (RWTH Aachen Univ), Pickerodt, Philipp 
(Charite-Univ. Medicine), Braun, Wolfgang (Fritz Stephan 
GmbH), Russ, Martin (Charite-Univ. Medicine), Hofferberth, 
Moritz (Charite-Univ. Medicine), Walter, Marian (RWTH Aachen 
Univ. , Helmholtz Inst), Misgeld, Berno (RWTH Aachen Univ), 
Francis, Roland (Charite-Univ. Medicine), Lachmann, Burkhard 
(Charite Berlin), Leonhardt, Steffen (RWTH Aachen Univ) 

In this work, a medical expert system is further developed for 
automatic ventilation therapy based on the well-known ARDSNet 
protocol by imposing additional dynamical constraints. This 
protocol-driven approach strengthens the overall treatment of 
patients with acute lung injury in terms of improving oxygenation 
dynamics. The proposed dynamics of quick action and long 
idleness are introduced on two independent ventilatory variables, 
namely fraction of inspiratory oxygen (FiO2) and positive end-
expiratory pressure (PEEP). The therapeutic algorithm is 
realizable forming additional rules for automatic control of artificial 
ventilation for the treatment of acute respiratory distress syndrome 
(ARDS). Furthermore, the new algorithm is applicable in real 
clinical practice. A validation test was performed on a 52-kg 
induced-ARDS pig with outstanding results to meet all ventilation 
goals. 

15:20-15:40 TUBT1.5 

Design, Development and Control of a Human-Inspired Two-Arm 
Robot Via Pneumatic Artificial Muscles 

Andrikopoulos, George (Luleå Univ. of Tech), Nikolakopoulos, 
George (Luleå Univ. of Tech. Sweden) 

In this article, the design and implementation of a 10 Degree-of-
Freedom (DoF) human-inspired two-arm robot is presented. 
Multiple Pneumatic Artificial Muscles (PAMs) in antagonistic 
formations are incorporated for undertaking the two arms' 
movements, while the design goal is the replication of human-like 
motion patterns, described by smoothness, inherent compliance 
and accuracy. To evaluate the feasibility of the proposed concept, 
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the 10-DoF robot is developed and experimentally tested in open 
and closed-loop control scenarios via the use of a multiple 
Advanced Nonlinear PID (ANPID) based scheme. 

15:40-16:00 TUBT1.6 

Using Neural Networks for Simultaneous and Proportional 
Estimation of Upper Arm Kinematics 

Grech, Christian (Univ. of Malta), Camilleri, Tracey (Univ. of 
Malta), Bugeja, Marvin K. (Univ. of Malta) 

This work compares the use of three different artificial neural 
networks (ANNs) to estimate shoulder and elbow kinematics using 
surface electromyographic (EMG) signals for proportional and 
simultaneous control of multiple degrees of freedom (DOFs). The 
three different networks considered include a multilayer perceptron 
(MLP) neural network, a time delay neural network (TDNN), and a 
recurrent neural network(RNN). In each case, surface EMG 
signals from agonist and antagonist arm muscles detected during 
seven different movements, three of which involve the 
simultaneous activation of the shoulder and elbow, were used as 
inputs to the neural networks. The three configurations were 
trained to estimate angular displacements of the shoulder and/or 
elbow. The average correlation coefficient (CC) between the true 
and the estimated angular position for simultaneous movements 
for the elbow and shoulder combined was 0.866 ± 0.050 when 
using the MLP structure, 0.830 ± 0.130 for the TDNN structure and 
0.840 ± 0.058 when using the RNN architecture. These results 
show that all three neural networks are plausible alternatives to 
model the EMG to joint angle relationship of the upper arm with 
the MLP being the most computationally efficient option. 

 
  

TUBT2 Meeting Room 2 

Aerospace Control I (Regular Session) 

Chair: Botkin, Nikolai Tech. Univ. of Munich 

Co-Chair: Diepolder, 
Johannes 

Tech. Univ. of Munich 

14:00-14:20 TUBT2.1 

Nonlinear Optimal Control for Active Suppression of Airfoil Flutter 
Via a Novel Neural-Network-Based Controller 

Tang, Difan (The Univ. of Adelaide), Chen, Lei (Adelaide Univ), 
Tian, Zhao Feng (The Univ. of Adelaide), Hu, Eric (The Univ. of 
Adelaide) 

This paper proposes a novel nonlinear controller based on neural 
networks (NNs) for active suppression of airfoil flutter (ASAF). 
Aeroelastic flutter can damage airfoils if not properly controlled. 
Existing optimal controllers for ASAF are sensitive to modeling 
errors while other controllers less prone to uncertainties do not 
provide optimal control. This study, thus, focuses on solving these 
problems by deriving a new intelligent model-based control 
scheme capable of synthesizing nonlinear near-optimal control 
laws in real time according to a known model and online updated 
system dynamics. A four-degrees-of-freedom aeroelastic model 
that has nonlinear translational and torsional stiffness and employs 
leading/trailing-edge control surfaces as control inputs is 
considered. Optimal control laws for the nonlinear aeroelastic 
system is synthesized by solving the Hamiltonian-Jacobi-Bellman 
equation through NN-based value function approximation (VFA) 
and synchronous policy iteration in a Critic-Actor configuration. A 
systematic approach based on linear matrix inequalities (LMIs) is 
proposed for the design of a scheduled parameter matrix for the 
VFA. An NN-based identifier is also derived to capture un-modeled 
dynamics online. Extended Kalman filters are employed to tune 
NN parameters. The proposed controller was tested in wind-tunnel 
experiments. Comparisons drawn with a linear-parameter-varying 
optimal controller confirms the effectiveness and validity of the 
proposed control scheme. 

14:20-14:40 TUBT2.2 

Formal Verification of a Gain Scheduling Control Scheme 

Ordóñez Aguileta, Pablo Armando (The Univ. of Sheffield), 
Mills, Andrew (The Univ. of Sheffield), Dodd, Tony (The Univ. 
of Sheffield), Liu, Jun (Univ. of Waterloo) 

Gain scheduling is a commonly used closed-loop control approach 

for safety critical non-linear systems, such as commercial gas 
turbine engines. It is preferred over more advanced control 
strategies due to a known route to certification. Nonetheless, the 
stability of the system is hard to prove analytically, and 
consequently, safety and airworthiness is achieved by 
burdensome extensive testing. Model checking can aid in bringing 
down development costs of such a control system and 
simultaneously improve safety by providing guarantees on 
properties of embedded control systems. Due to model-checking 
exhaustive verification capabilities, it has long been recognised 
that coverage and error-detection rate can be increased compared 
to traditional testing methods. However, the state-space explosion 
is still a major computational limitation when applying model 
checking to verify dynamic system behaviour. A practical 
methodology to incrementally design and formally verify control 
system requirements for a gain scheduling scheme is 
demonstrated in this paper, overcoming the computational 
constraints traditionally imposed by model checking. In this 
manner, the gain-scheduled controller can be efficiently and safely 
generated with the aid of the model checker. 

14:40-15:00 TUBT2.3 

One-Versus-One Air Combat Algorithm Considering Direction of 
the Lift Vector 

Lee, Byung-Yoon (Korea Advanced Inst. of Science and Tech), 
Han, Seungyeop (KAIST), Park, Hyunju (KAIST), Tahk, Min-
Jea (KAIST) 

This paper deals with a one-versus-one air combat algorithm that 
considers the direction of the lift vector of an unmanned combat 
aerial vehicle(UCAV). The air combat situation discussed in this 
study assumes that a gun-fight takes place within visual 
range(WVR), thus the air combat algorithm will perform the 
maneuver to chase the enemy's tail. The air combat algorithm 
previously proposed by the authors uses the score function matrix 
to predict the enemy's maneuver during the prediction time, and 
then selects the optimal maneuver. However, the previously 
proposed algorithm has a disadvantage in that the performance 
difference occurs due to a change in the prediction time. In order 
to overcome this disadvantage, we improve the existing algorithm 
by considering the direction of the lift vector. We perform combat 
simulations for several scenarios using a pseudo 6DOF model of 
the F-16 fighter to verify the performance of the air combat 
algorithm proposed in this paper. 

15:00-15:20 TUBT2.4 

Evaluation of Multiple Model Adaptive Estimation of Aircraft 
Airspeed in Close to Real Conditions 

Baar, Tamas (Hungarian Acad. of Sciences), Bauer, Peter 
(Hungarian Acad. of Sciences), Szabo, Zoltan (Mta Sztaki), 
Vanek, Balint (Hungarian Acad. of Sciences), Bokor, Jozsef 
(Hungarian Acad. of Sciences) 

The paper discusses the problem of aircraft airspeed estimation 
from ground speed measurement affected by the unmeasurable 
wind speed. The estimation has to be obtained along any flight 
trajectory where linearized dynamics and the associated trim 
conditions are available. Under these assumptions one feasible 
approach to this estimation task is to apply multiple model (MM) 
estimation based on a bank of robust Kalman filters (RKFs). The 
unmeasurable wind effect can be taken into consideration by using 
an unknown input observer running simultaneously with the RKF. 

The paper focuses on the implementation issues and investigates 
the effect of state and measurement noises on the resulting state 
and unknown input (wind speed) estimates. The bank of steady 
state RKFs are designed assuming LTI dynamics at the given trim 
points in the minimum variance unbiased estimation (MVUE) 
framework. In the undertaken simulation experiments the aircraft is 
represented first by its LTI, then by its LPV model. 

15:20-15:40 TUBT2.5 

Real-Time Control of Aircraft Take-Off in Windshear. Part I: 
Aircraft Model and Control Schemes 

Martynov, Kirill (Tech. Univ. of Munich), Botkin, Nikolai (Tech. 
Univ. of Munich), Turova, Varvara (Tech. Univ. of Munich), 
Diepolder, Johannes (Tech. Univ. of Munich) 
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In this paper, the problem of aircraft control during take-off in the 
presence of windshears is considered. The paper consists of two 
parts. In the first part, a point-mass model of a generic modern 
regional jet aircraft flying in a vertical plane is described. It is 
assumed that the autopilot manages the angle of attack and the 
power setting. The influence of wind is unpredictable. Autopilot's 
control is designed in the following way. The time interval of the 
process is divided into short time subintervals, and the aircraft 
dynamics is linearized at the beginning of each subinterval around 
a straightforward equilibrium trajectory providing a good climb and 
preventing, whenever possible, the aerodynamic velocity from 
decreasing. The linearized dynamics is considered on the current 
time subinterval as a differential game where the first player, 
autopilot, strives to keep the state of the linearized dynamics close 
to zero, so that the state vector of the nonlinear dynamics follows, 
as far as possible, the straightforward equilibrium linearization 
trajectory. The second player, wind, plays in the linearized 
dynamics against the autopilot. A feedback control found from the 
linearized dynamics is used in the nonlinear one on the current 
time subinterval. Then, the procedure is being repeated for the 
next time subinterval. It should be noted that a very quick method 
for approximate solving auxiliary linearized differential games on 
the time subintervals is used. Thus, the procedure can be 
implemented as a real-time control scheme.  Several variants of 
control design are proposed, and two microburst models providing 
wind disturbances are outlined. Numerous simulations of the 
corresponding aircraft trajectories are given in the second part of 
the paper. 

15:40-16:00 TUBT2.6 

Real-Time Control of Aircraft Take-Off in Windshear. Part II: 
Simulations and Model Enhancement 

Martynov, Kirill (Tech. Univ. of Munich), Botkin, Nikolai (Tech. 
Univ. of Munich), Turova, Varvara (Tech. Univ. of Munich), 
Diepolder, Johannes (Tech. Univ. of Munich) 

This is the second part of the paper devoted to the problem of 
aircraft control during take-off in the presence of windshears. 
Here, simulation results based on the control procedures 
describedin Part I are presented. 

 
  

TUBT3 Meeting Room 3 

Modelling and Simulation I (Regular Session) 

Chair: Garcia-Gabin, Winston ABB Corp. Res 

Co-Chair: Vande Wouwer, 
Alain 

Univ. De Mons 

14:00-14:20 TUBT3.1 

A New Model of the HIV/AIDS Infection Diffusion and Analysis of 
the Intervention Effects 

Di Giamberardino, Paolo (Sapienza, Univ. of Rome), 
Compagnucci, Luca (Sapienza, Univ. of Rome), De Giorgi, 
Chiara (Sapienza, Univ. of Rome), Iacoviello, Daniela 
(Sapienza, Univ. of Rome) 

The HIV/AIDS spread is one of the most dangerous disease all 
over the world. In this paper, a new model is proposed, taking into 
account different behaviors among susceptible subjects and 
therefore distinguishing wise and risky contacts. Three control 
actions are introduced, consistent with the three levels of 
prevention of the World Health Organization: an information 
campaign, an increase of the number of subjects that test if the 
HIV- infection is present, and the medication effort to the subjects 
that already have the HIV in order to reduce the number of 
subjects with AIDS. The model is analyzed and numerical results 
are presented. 

14:20-14:40 TUBT3.2 

Modelling, Supervisory Control and Simulation of a Tanning 
Industry: A Resource-Oriented Modular Timed Petri Net Approach 

Tsinarakis, George (Tech. Univ. of Crete), Vrontakis, 
Konstantinos (Tech. Univ. of Crete) 

A resource-oriented modular Petri net modelling methodology is 
introduced and applied to a tanning Industry. Two general 

modules are recognized and their models are implemented to 
represent machine performing multiple types of processes and 
seasonal drying. Then a well-defined connecting procedure is 
introduced in order to create the model of the overall system with 
respect to the resources used. The overall system model is used 
to simulate alternative scenarios and to study the effect of 
changes in system's performance. 

14:40-15:00 TUBT3.3 

On the Many-To-Many Carpooling Problem in the Context of Multi-
Modal Trip Planning 

Ricciardi Celsi, Lorenzo (Univ. Di Roma "La Sapienza"), Di 
Giorgio, Alessandro (Univ. of Rome "La Sapienza"), Gambuti, 
Raffaele (Univ. of Rome "Sapienza"), Tortorelli, Andrea (Univ. 
of Rome "La Sapienza"), Delli Priscoli, Francesco (Univ. Di 
Roma) 

In this paper an approach to the many-to-many carpooling 
problem with automated passenger aggregation is presented. The 
proposed solution allows to optimally solve the related routing 
problem, by relying on a constrained shortest path algorithm, for 
users travelling within multiple transportation networks, thus 
enabling multi-modality, and exploits the users' availability to be 
aggregated into carpools. The mathematical model behind the 
proposed approach is illustrated. Then, an algorithmic procedure 
capable of reasonably coping with the complexity that arises in 
real-sized scenarios, often characterized by multiple 
heterogeneous data sources, is discussed. Finally, simulations are 
reported in order to evaluate the effectiveness and the 
performances of the proposed approach. 

15:00-15:20 TUBT3.4 

Modeling and Predictive Capacity Adjustment for Job Shop 
Systems with RMTs 

Zhang, Qiang (Univ. of Bremen), Liu, Ping (Univ. of Bremen), 
Pannek, Juergen (Univ. of Bremen) 

Demand fluctuations along with the requirements of cost-
effectiveness, high customization, high product quality lead to a 
significant increase in manufacturing dynamics and complexity. 
These fluctuations disturb the work plan and lead to performance 
deterioration. Capacity adjustment is one of the major approaches 
to react on the fluctuations in demand. In this paper, we focus on 
improving the potential of current processes to react flexibly on 
these fluctuations on short term level by means of reconfigurable 
machine tools (RMTs). Furthermore, we propose a closed-loop 
feedback control system based on model predictive control (MPC) 
to align uncertainties and dynamics in terms of logistic objectives. 
The proposed method provides a new solution for manufacturers 
to optimize resources and improve the production performance in 
a dynamically changing environment. We demonstrate the 
effectiveness of the proposed method by simulation of a three-
product four-workstation job shop system. 

15:20-15:40 TUBT3.5 

Dynamic Modeling and Model-Based Control of a Twin Screw 
Extruder 

Grimard, Jonathan (UMONS), Dewasme, Laurent (Univ. of 
Mons), Vande Wouwer, Alain (Univ. De Mons) 

Hot-melt extrusion is a popular process in the field of industrial 
product manufacturing. In this work, a simple distributed 
parameter model consisting in partial differential equations derived 
from mass balances, well-adapted to the design of a control 
strategy, is expressed. Parameter identification is applied to a 
specific device with a complex screw geometry and provides a 
good representation of the extruder behavior. Due to the existence 
of strong nonlinearities and complex input-output coupling, a 
nonlinear model predictive control (NMPC) strategy is proposed 
and designed to regulate the output active pharmaceutical 
ingredient ($API$) concentration and the output flow. The 
effectiveness of this strategy is demonstrated by numerical 
validations and robustness analysis with respect to measurement 
noise and model uncertainties. 

15:40-16:00 TUBT3.6 

Evaluation of Wave Resistances Estimated Using Wave Spectra 
and a Ship Model 
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Molander, Mats (Abb Ab), Garcia-Gabin, Winston (ABB Corp. 
Res) 

This paper evaluates the accuracy in the estimation of wave 
resistance of ships using information available in weather 
forecasts. The ability to do this is important when optimizing ship 
routes. The common way to estimate the wave resistance is to use 
a so called Force Response Amplitude Operator (Force RAO) 
together with a wave spectrum parameterized with a small number 
of parameters supplied through weather forecasts. The accuracy 
in the resistance is evaluated by treating a large number of spectra 
calculated from real wave data measured by buoys from National 
Data Buoy Center of National Oceanic and Atmospheric 
Administration (NOAA) as if they were actual weather conditions 
encountered during a voyage. Force RAOs of an example ship is 
then used to calculate wave resistances based on the “exact” 
spectra with those obtained using spectra based on the few 
parameters that would have been available in reality through 
weather forecasts. The mean of the relative error in the wave 
resistance ranged between 17.6 and 36.9%, depending on which 
spectrum model that was used. 

 
  

TUBT4 Meeting Room 4 

Robotics I (Regular Session) 

Chair: Kovacic, Zdenko Univ. of Zagreb 

Co-Chair: Gincsaine 
Szadeczky-Kardoss, Emese 

Budapest Univ. of Tech. & Ec 

14:00-14:20 TUBT4.1 

Motion Planning and Control for Humanoid Robot Standing on 
Rotating Surface 

Bazylev, Dmitry (ITMO Univ), Ibraev, Denis (ITMO Univ), 
Popchenko, Filipp (ITMO Univ), Margun, Alexey (ITMO Univ) 

Trajectories planning and motion control of two-legged robots 
comprise many subtasks for different scenarios. In this paper the 
problem of stabilization of humanoid robot Darwin-OP in a 
standing position is considered. The robot balances on a rotating 
surface with unknown angle and speed. Estimation of surface 
inclination is provided by data of motor encoders and inertial 
measurements of accelerometer and gyroscope installed in the 
torso. Particular attention is paid to planning desired trajectories of 
robot which can generally be set in a large number of different 
ways ensuring the robot stability. From the entire set of possible 
motions we choose the ones leading to a human-like movement. 
Requirements for the search of such trajectories are formulated 
analytically with rationale. Control scheme consists of position 
PID-controllers and speed PI-controllers used for each motor of 
the robot. The efficiency of the proposed method is verified 
experimentally. Experimental results show that the robot is stable 
for a big range of surface angles (from -43 to 45 degrees). 

14:20-14:40 TUBT4.2 

A Minimum Invasive Strategy to Guarantee Safety under 
Unexpected Unintentional Human-Robot Contact 

Koveos, Yannis (Univ. of Patras), Rovithakis, George A. 
(Aristotle Univ. of Thessaloniki), Agriomallos, Ioannis (Centre 
for Res. & Tech. Hellas (CERTH)), Doltsinis, Stefanos (Center 
of Res. and Tech. Hellas (CERTH)) 

The problem of designing an active robot reaction scheme to 
increase safety against unexpected, unintentional robot contacts 
with a human or its environment, is considered in this work. Its 
main functionalities are a) the regulation of the interaction force 
profile within acceptable/safe boundaries and b) the prevention of 
undesirable after-contact collisions. The developed methodology is 
model-free and operates at the high level of reference trajectory 
determination, producing bounded and sufficiently smooth 
modifications of the nominal reference, leaving intact the 
embedded low-level, robot position controller. It is underlined that 
the proposed minimal invasive solution, is evaluated via 
experiments performed on a KUKA LWR4+ robotic manipulator 
equipped with a Shadow Hand-Lite having optoforce sensors 
attached at its fingertips. 

 

14:40-15:00 TUBT4.3 

Optimal Leg-Sequence Selection for an Underwater Hexapod 
Robot in the Presence of Slopes and External Forces 

Aggelopoulou, Eleni (National Tech. Univ. of Athens), Rekleitis, 
Georgios (National Tech. Univ. of Athens), Papadopoulos, 
Evangelos (National Tech. Univ. of Athens) 

This work proposes a novel optimal leg sequence selection 
method for hexapod robots, in terms of robot stability, and for a 
combination of various gaits, motion modes and sloped terrains. 
The method finds the most stable leg sequence for the required 
gait. If no such gait exists, the fastest stable gait is chosen and the 
most stable leg sequence for this gait is selected. The method can 
be based on any stability criterion, with the Force-Angle Stability 
Margin that takes into account the external forces effect, being the 
one used here. Results show that the proposed method observes 
instabilities accurately and selects the appropriate leg sequence 
for stability increase, thus offering distinct advantages when 
external forces prevail. 

15:00-15:20 TUBT4.4 

Velocity Obstacles for Dubins-Like Mobile Robots 

Gincsaine Szadeczky-Kardoss, Emese (Budapest Univ. of 
Tech. & Ec), Kiss, Bálint (Budapest Univ. of Tech. and Ec) 

The paper deals with the motion planning problem for Dubins-like 
mobile robots in dynamic environment. Velocity obstacles (VO) 
method and its non-linear version (NLVO) can be applied for 
planning a collision-free trajectory for a robot moving among static 
and dynamic obstacles, whose positions and velocity vectors are 
supposed to be known. VO and NLVO algorithms determine a 
velocity vector for the robot which corresponds not necessarily to 
the orientation of the robot, hence a Dubins-like mobile robot 
cannot apply it exactly. In this paper we present a method similar 
to NLVO, but it results motions feasible for Dubins-like robots. 
Longitudinal velocities and radii of turning circles are calculated, 
which ensure collision-free motion if the movement of the 
obstacles are known for some time-horizon. 

15:20-15:40 TUBT4.5 

Cartesian Robot Operation with Fuzzy Adaptive Force Control 

Kovacic, Zdenko (Univ. of Zagreb), Brkic, Vedran (Univ. of 
Zagreb) 

The paper presents results of implementing and testing a fuzzy 
adaptive force controller on the state-of-the-art Cartesian robot 
Schneider Electric MAX R3. By using a second-order reference 
model, proportional force feedback controller, and a fuzzy 
adaptation mechanism using a model tracking error, the fuzzy 
adaptive force control system improves dynamic characteristics 
and keeps the model tracking error within desired limits for a range 
of moderate environment stiffness variations. 

15:40-16:00 TUBT4.6 

Bearing Only Visual Homing: Observer Based Approach 

Gupta, Misha (Indian Inst. of Tech. Bombay), G K, Arunkumar 
(Indian Inst. of Tech. Bombay), Vachhani, Leena (Indian Inst. of 
Tech. Bombay) 

Many robotic applications such as pick and place, navigation, 
docking, etc. need to visit a known place as an intermediate task. 
Homing is a method to reach a known position and is challenging 
to address specially in a GPS denied indoor environment. The 
approach is to match the information collected at home and 
current locations. The information collected from images is rich in 
amount, however to extract the relevant information from images 
is challenging. This paper solves the homing problem using 
bearing only measurements as this information can be easily 
extracted from the features in an image. The observable system 
shows that the bearing only measurements avoid the need to 
know the locations of landmarks and instantaneous distance of the 
robot with respect to the home position. Instantaneous state of the 
robot is estimated using EKF (Extended Kalman Filter). Simulation 
results with real images from two data-sets show that the 
estimation of the robot's state is of the order of 10^{-2} cm in 
range, 10^{-2} radians in bearing and 10^{-16} radians in 
orientation. Comparison with existing visual homing techniques 
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show that the proposed technique has faster convergence of the 
robot's position to the home position due to good estimates. 

 
  

TUBT5 Meeting Room 5 

Computational Methods (Regular Session) 

Chair: Holzel, Matthew Univ. of Bremen 

Co-Chair: Shcherbakov, 
Pavel 

Moscow Inst. for Control 
Sciences 

14:00-14:20 TUBT5.1 

Tridiagonal Companion Matrices and Their Use for Computing 
Orthogonal and Nonorthogonal Polynomial Zeros 

Holzel, Matthew (Univ. of Bremen) 

In this paper, we show that poor conditioning can arise in trivial 
polynomials, making it difficult to compute zeros with standard 
companion matrix approaches. Furthermore, using these methods, 
we show that although the conditioning of an orthogonal 
polynomial sequence may degrade gracefully, its numerically-
computed zeros generally do not. Hence we introduce a 
tridiagonal form for the companion matrices of orthogonal 
polynomials whose eigenvalues can be computed more accurately 
than the standard form. We then introduce a method of obtaining 
tridiagonal companion matrices for arbitrary polynomials in an 
attempt to exploit this advantage in the general case. 

14:20-14:40 TUBT5.2 

State Classification for Autonomous Gas Sample Taking Using 
Deep Convolutional Neural Networks 

Anisi, David A. (Royal Inst. of Tech. (KTH)), Tveide, Svein 
Gjermund (Univ. of Agder (UiA), Grimstad, Norway), Kongezos, 
Valentinos (ABB, Oslo, Norway) 

Despite recent rapid advances and successful large-scale 
application of Deep Convolutional Neural Networks (CNNs) using 
image, video, sound, text and time-series data, its adoption within 
the oil and gas industry in particular have been sparse. In this 
paper, we initially present an overview of opportunities for Deep 
CNN methods within oil and gas industry, followed by details on a 
novel development where Deep CNN have been used for state 
classification of autonomous gas sample taking procedure utilizing 
an industrial robot. The experimental results -- using a Deep CNN 
containing six layers -- show accuracy levels exceeding 99%. In 
addition, by analyzing the variations in the output probability 
distribution, it is shown that the Deep CNN can also detect a 
number of undefined and therefore untrained anomalies. This is an 
extremely appealing property and serves as an illustrative 
example of how Deep CNN algorithms can contribute towards 
safer and more robust operation in the industry. 

14:40-15:00 TUBT5.3 

On Peak Effects in Discrete Time Linear Systems 

Shcherbakov, Pavel (Moscow Inst. for Control Sciences) 

It is well known that input-free stable linear systems with nonzero 
initial conditions may experience large deviations of the trajectory 
from the origin prior to converging to zero. Analysis of the 
transients of discrete-time systems is the subject of this paper. 
Simple LMI-based upper bounds on deviations are presented, and 
the same-flavor stabilizing feedback design procedure aimed at 
minimizing the peak is discussed. For companion-form systems, 
lower bounds are proposed for specific initial conditions; peaking 
effects for the norms of powers of Schur stable matrices are also 
analyzed. 

15:00-15:20 TUBT5.4 

A Branch and Bound Approach for a Class of Non-Convex 
Problems with Applications to Robust Regression 

Denaro, Francesco (Univ. of Parma), Consolini, Luca (Univ. of 
Parma), Locatelli, Marco (Univ. of Parma) 

We consider a class of non-convex problems, with application to 
robust regression and robust support vector machines. We 
propose an algorithm that computes the exact solution using a 
branch and bound approach in parameter space. Numerical 

experiments show that, in some cases, the time complexity of the 
algorithm is linear with respect to the number of samples, while it 
is exponential with respect to the number of regressors. 

15:20-15:40 TUBT5.5 

Synchronous Interval Observer Design for Switched LPV Systems 
Using Multiple Quadratic ISS-Lyapunov Functions 

Ifqir, Sara (IBISC Lab, Univ. of Evry), AIT OUFROUKH, Naima 
(Univ. D'evry - Lab. IBISC), Ichalal, Dalil (IBISC Lab, Univ. 
Evry), Mammar, Said (Univ. of Evry, IBISC Lab) 

This paper deals with the problem of robust state estimation for 
switched LPV continuous-time systems with measurable and 
unmeasurable scheduling parameters. The switching law is 
assumed to be uncontrollable but online available, while the 
unmeasurable varying parameters are assumed to be bounded 
with a priori known bounds. The proposed approach is based on 
switched interval observers which provide guaranteed lower and 
upper bounds allowing to evaluate the set of admissible values of 
the real state vector. The stability and positivity conditions of the 
switched interval error are expressed in terms of linear matrix 
inequalities (LMIs), which have been established using multiple 
quadratic ISS-Lyapunov functions (MQLF) and average dwell-time 
concept. In order to enhance estimation accuracy and robustness 
an explicit bound of the interval error is guaranteed. The proposed 
approach is applied to robust estimation of vehicle lateral 
dynamics. Tests are conducted on experimental data in order to 
prove the effectiveness of the proposed switched interval 
observer. 

15:40-16:00 TUBT5.6 

A Computationally Efficient Approach for Optimal Sensors and 
Actuators Placement for Large-Scale Switched Systems 

Seyed Sakha, Masoud (Univ. of Tabriz), Shaker, Hamid Reza 
(Univ. of Southern Denmark), Tahavori, Maryamsadat (Center 
for Energy Informatics, Univ. of Southern Denmark) 

 This paper proposes a new numerical approach for sensor and 
actuator placement for large-scale strongly stable discrete-time 
switched systems. It is well-known that the problem of the sensor 
and actuator placement is computationally expensive in particular 
in dealing with large-scale systems. To reduce the computational 
burden, innovative framework is proposed which uses the 
restricted genetic algorithm (RGA). This algorithm is an 
evolutionary algorithm which is developed specifically for sensors 
and actuator placement. The proposed algorithm uses the 
generalized gramians for switched systems which are called nice 
gramians. The nice gramians quantify the level of observability 
and reachability of switched systems. To the best of our 
knowledge, this paper presents the first results on sensor and 
actuator placement of switched systems. The numerical examples 
confirm the effectiveness of the approach. 

 
  

TUBT6 Meeting Room 6 

Fault Diagnosis (Regular Session) 

Chair: Zhirabok, Alexey Far Eastern Federal Univ 

Co-Chair: Niane, Moustapha Lsis Univ. of Aix Marseille 

14:00-14:20 TUBT6.1 

Fault Detection and Isolation for Time-Delay Fractional Systems 

Atitallah, Halima (Res. Lab. Modeling, Analysis and Control of 
Systems), ARIBI, Asma (National Engineering School of 
Gabes, Tunisia), Aoun, Mohamed (National Engineering 
School of Gabes, Tunisia) 

In this paper, a diagnosis method for time-delay fractional systems 
is developed. The fault detection and isolation are ensured by the 
use of a bank of unknown input fractional observers. Theoretical 
development leads to the obtention of the observer parameters in 
order to engender structured residuals. A numerical example 
illustrating the validity of the method in fault detection and isolation 
is given. 
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14:20-14:40 TUBT6.2 

Fault Diagnosis Based on Nonlinear Adaptive Observer: 
Application to Fuel Cell Process 

Niane, Moustapha (Lsis Univ. of Aix Marseille), ZERROUGUI, 
Mohamed (Aix Marseille Univ), OUTBIB, Rachid (Lsis) 

In this paper, an adaptive observer for nonlinear systems is 
proposed in order to estimate simultaneously, the system states 
and some possible parametric faults in the fuel cell system. The 
question of stability is addressed in terms of Lyapunov quadratic 
stability and sufficient conditions are obtained through strict linear 
matrix inequalities formulation (LMIs). The convergence of the 
parameters, is determined by using the propriety so-called 
persistence-of-excitation. Simulation results are given to illustrate 
the method. 

14:40-15:00 TUBT6.3 

Actuator Fault Diagnosis of a Hexacopter: A Nonlinear Analytical 
Redundancy Approach 

Su, Jie (Zhejiang Univ), He, Jianping (Zhejiang Univ), Cheng, 
Peng (Zhejiang Univ), CHEN, Jiming (Zhejiang Univ) 

Actuator fault of a multicopter Unmanned Aerial Vehicle (UAV) 
may lead to a dangerous flight, and even damage the UAV. To 
ensure the flight safety in case of unpredictable actuator fault, 
many active fault tolerant control methods are studied in the last 
decade. An active fault tolerant method of a multicopter includes a 
fault detection, isolation and reconstruction(FDIR) scheme and a 
control allocation scheme. FDIR is of great importance for 
providing the estimation of the efficiency loss percentage. 
Previous FDIR procedures usually rely on an observer, which is 
complicated and computationally expensive. In this paper, we 
exploit the non-linear analytical redundancy techniques to provide 
a novel FDIR procedure, with a simple algorithm structure. We 
compare the isolation effectiveness and reconstruction 
performance of our approach and sliding mode observer based 
approach by a real experiment, respectively. It demonstrates that 
our approach shows a superiority of simpler algorithm structure 
and better fault reconstruction performance. 

15:00-15:20 TUBT6.4 

Multiple Fault Detection Based on Wavelet Denoising: Application 
on Wind Turbine System 

BAKIR, Tahani (Univ. of Gabes), Boussaid, Boumedyen (Univ. 
of Gabes), Odgaard, Peter Fogh (Vestas), Abdelkrim, 
Mohamed Naceur (Univ. of Gabes), Aubrun, Christophe (Univ. 
of Lorraine) 

This paper deals with an application of wavelets denoising for 
residue signal in a wind turbine system. We have utilized wavelet 
denoising to generate denoised residue signal and used it for 
detetction. The objective of the experiment was to evaluate the 
performance of the wavelet denoising algorithm for the accuracy of 
fault detection results using a simple fixed threshold and to 
examine to what extent the results were influenced by different 
false alarms. Accuracy of fault detection results as related to the 
appearance of false alarms is also discussed in the paper. 

15:20-15:40 TUBT6.5 

Fault Diagnosis in Nonlinear Dynamic Systems by Non-Parametric 
Method 

Zhirabok, Alexey (Far Eastern Federal Univ), Shumsky, Alexey 
(Far Eastern Federal Univ) 

The problem of fault diagnosis in engineering systems with 
uncertainties described by nonlinear discrete-time models is 
studied. Solution of the problem assumes the checking 
redundancy relations existing among system inputs and outputs 
measured over a finite time window. The non-parametric method 
is considered to construct redundancy relations involving 
transformation of initial system model into canonical form with the 
special properties. The obtained results are illustrated by the 
general electric servoactuator of manipulation robots. 

15:40-16:00 TUBT6.6 

Based Observer Fault Detection for Uncertain Delayed Switching 
Discrete-Time Systems: A Reduced LMI Size 

Benzaouia, Abdellah (Faculty of Science Semlalia), Telbissi, 
Kenza (Univ. Cadi Ayyad), Ouladsine, Mustapha (Univ. D'aix 
Marseille III), Ananou, Bouchra (Univ. Paul Cézanne) 

In this paper, fault detection problem for uncertain discrete-time 
switching systems with delay is studied. Sufficient conditions of 
building an observer are obtained by using multiple Lyapunov 
function. These condition are worked out in a new simple way to 
obtain new LMIs with slack variables and multiple weighted 
residual matrices. The obtained results are applied on a numerical 
example with all the entries of the same sizes. The obtained 
results are shown to be less conservative than the previous ones. 

 
  

TUCT1 Meeting Room 1 

Fault Tolerant Control (Regular Session) 

Chair: Theilliol, Didier Univ. of Lorraine 

Co-Chair: Mrugalski, Marcin Univ. of Zielona Gora 

16:30-16:50 TUCT1.1 

Visual Information Integration in Fault Tolerant Control System 

Abdo, Ali (Birzeit Univ), Siam, Jamal (Birzeit Univ), Alrimawi, 
Ashraf (Birzeit Univ) 

The paper addresses the design of integrated fault detection (FD) 
system, with hybrid features, in which the system state signals are 
measured and also estimated from the observation of the visual 
information acquired by a camera. Image processing is used to 
extract the redundant system response features. The residual 
generator based robust fault detection filter (RFDF) is used to 
reduce the effects of disturbances. The main contribution of this 
study is to develop a redundant hybrid FD technique to improve 
the monitoring and diagnosis of automatic control systems with the 
assistance of cameras. Finally, a practical case based on three 
tanks system is simulated to demonstrate the functionality of the 
proposed method. 

16:50-17:10 TUCT1.2 

A Predictive Actuator Fault-Tolerant Control Strategy under Input 
and State Constraints 

Witczak, Marcin (Univ. of Zielona Gora), Witczak, Piotr (Univ. of 
Zielona Gora), Mrugalski, Marcin (Univ. of Zielona Gora), 
Theilliol, Didier (Univ. of Lorraine) 

The paper deals with the design of a robust predictive fault-
tolerant control for linear discrete-time systems with an application 
of the quadratic boundedness theory and an associated robust 
invariant set. The main problem is to maintain the state of the 
system inside the robust invariant set obtained under asymmetric 
input and state constraints. The proposed strategy relies on a 
three-stage procedure, which is based on adaptive fault estimation 
as well as robust and predictive controller. The fault-recovery 
procedure is initiated with fault estimation and then the fault is 
compensated with a robust controller. In a case when robust fault 
compensation fails, i.e. the current state does not belong to the 
robust invariant set, a suitable predictive action is started. The 
main goal of this action is to generate control allocation enhancing 
the robust invariant set. This appealing phenomenon makes it 
possible to enlarge the domain of attraction of the possibly faulty 
system. The final part of the paper shows an illustrative example 
regarding a two-tank system. 

17:10-17:30 TUCT1.3 

Actuator Fault Compensation Tracking Control for Multi Linked 
2WD Mobile Robots 

Al-DUJAILI, Ayad (Univ. OF LILLE 1), Cocquempot, Vincent 
(Lille 1 Univ), EL BADAOUI EL NAJJAR, Maan (CRIStAL UMR 
9189), MA, Yajie (Nanjing Univ. of Aeronautics and 
Astronautics) 

In this paper, a control scheme for multi linked mobile robots is 
proposed to accommodate actuator faults which are uncertain in 
time, pattern and value. First, a configuration of 푵 (푵>�) mobile 

robots with fixed links is described, and its kinematics and 
dynamics are modeled. Then, a multiple-model based control 
scheme is developed to compensate for actuator failures, 
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consisting of a kinematic controller, multiple dynamic controllers 
and a control switching mechanism. The kinematic controller is 
based on the transformation of the considered kinematics into a 
chained-form system, after that a recursive technique is used to 
derive the kinematic control law for any  robots configuration, 
based on which, multiple dynamic controllers are designed 
considering all possible failure cases. From these dynamic 
controllers, an appropriate one is selected to generate the applied 
control signal by the control switching mechanism using multiple 
reconstruction dynamic signals to ensure desired system 
performance. Simulated fault scenarios are presented for four 
mobile robots with fixed links to illustrate the performance of the 
proposed approach. 

17:30-17:50 TUCT1.4 

Fault Tolerant Incremental Attitude Control Using Online 
Parameter Estimation for a Multicopter System 

Akkinapalli, Venkata Sravan (Tech. Univ. of Munich), Falconí, 
Guillermo P. (Tech. Univ. München), Holzapfel, Florian (Tech. 
Univ. München) 

This paper presents an attitude tracking incremental controller 
using a nonlinear reference model for a multicopter. The 
incremental controller is more robust compared to conventional 
nonlinear dynamic inversion controller against uncertainties due to 
its reduced model dependence. In order to further ensure 
robustness of the controller in the presence of actuator faults, the 
control effectiveness matrix is estimated online using gradient 
descent method. Furthermore, to achieve physically feasible 
trajectories, the gains of the nonlinear reference model are 
modified to account for the reduced achievable moment space. 

17:50-18:10 TUCT1.5 

Recursive FIR-Filter Design for Fault-Tolerant Real-Time Co-
Simulation 

Stettinger, Georg (VIRTUAL VEHICLE Res. Center), Benedikt, 
Martin (Virtual Vehicle Res. Center), Tranninger, Markus (Graz 
Univ. of Tech), Horn, Martin (Graz Univ. of Tech), Zehetner, 
Josef (AVL List GmbH) 

The coupling of real-time and non-real-time systems is directly 
related to different types of faults which require adequate handling. 
These faults, such as communication time-delays, data-loss or 
noisy measurements, originate from the incorporation of real 
hardware (real-time system) and lead to significant challenges in 
the coupling process. Without compensating their destabilizing 
effects the simulation results are corrupted. Ignoring those effects 
can even result in unstable closed-loop systems in the worst case, 
which may in turn result in hardware damage. This work proposes 
a recursive FIRfilter design approach which compensates such 
fault effects. The effectiveness of the proposed coupling filters is 
demonstrated by a representative example. 

18:10-18:30 TUCT1.6 

Fault Tolerant Control Approach for Passive Handling of Actuator 
Degradation of a Hexacopter Using an LPV State-Feedback 
Controller with Partly-Measured Parameters 

Gossmann, Felix (Univ. of the German Federal Armed Forces 
Munich), Falconí, Guillermo P. (Tech. Univ. München), 
Svaricek, Ferdinand (Univ. Der Bundeswehr München) 

This paper addresses the design of a fault tolerant controller to 
handle actuator degradation passively in context of attitude control 
on a hexacopter system. The design is accomplished with the use 
of the framework for linear parameter-varying (LPV) systems. 
Based on a nonlinear model of a hexacopter a quasi-LPV model is 
obtained. The parameter vector of the LPV system is 
supplemented by an additional parameter to consider the actuator 
degradation. An LPV state feedback controller design is 
accomplished with a partly measurable parameter vector since the 
actuator degradation is assumed to be unknown during operation. 
The capabilities of the designed controller in handling actuator 
degradations is shown in nonlinear simulations of the hexacopter 
system. 

 
 
  

TUCT2 Meeting Room 2 

Energy and Power Systems (Regular Session) 

Chair: Tzes, Anthony Univ. of Patras 

Co-Chair: Merchán, Pilar Univ. of Extremadura 

16:30-16:50 TUCT2.1 

Efficiency Analysis of Pumps Drives for Space Vector PWM and 
Hysteresis Band PWM with on Operation Transaction of the 
Control Method 

Kravaritis, Evangelos (Ruhr-Univ. Bochum), Sourkounis, 
Constantinos (Ruhr-Univ. Bochum) 

An increasing number of electrical motors are driven from 
frequency inverters. The losses in motor are increased because 
the produced nonsinusoidal stator voltages, supplied from IGBTs, 
contain significant harmonic components. Different PWM Methods 
cause different voltage harmonics. Depending on the control 
method, the motor characteristics and the partial load, the 
efficiency of the motor inverter system varies. Consequently exists 
potential for taking advantage of the increased efficiency through 
changing the control method on operation. In this paper a 
comparison of the efficiency of a PMSM motor - inverter system 
driven with Space Vector PWM and Hysteresis Band PWM under 
the quadratic speed dependent load of a pump was simulated and 
analyzed. Additionally it was simulated the transaction of the 
control method on operation. 

16:50-17:10 TUCT2.2 

On the Detection of Solar Panels by Image Processing 
Techniques 

Salamanca, Santiago (Univ. of Extremadura), Merchán, Pilar 
(Univ. of Extremadura), García, Iván (Univ. of Extremadura) 

This paper proposes a solution based on computer vision to detect 
solar panels in images. It is based on the definition of a feature 
vector that characterizes portions of images that can be acquired 
with a standard camera and with no lighting restrictions. The 
proposal has been applied to a set of images taken in an operating 
photovoltaic plant and the results obtained demonstrate its validity 
and robustness. These results are meant to be used in later 
stages of a procedure for the optimization of energy efficiency 

17:10-17:30 TUCT2.3 

A Cognitive Stochastic Approximation Approach to Optimal 
Charging Schedule in Electric Vehicle Stations 

Korkas, Christos (Democritus Univ. of Thrace), Baldi, Simone 
(Delft Univ. of Tech), Michailidis, Panagiotis (Centre for Res. 
and Tech. Hellas), Kosmatopoulos, Elias (Democritus Univ. of 
Thrace and CERTH, Greece) 

This paper proposes a Cognitive Stochastic Approximation (CSA)-
based optimization method for charging an EV (electric vehicle) 
fleet, using a single, aggregate battery model. The charging 
station can either utilize the batteries of the parked vehicles to 
charge the vehicles before they leave, or can use power from the 
grid. The objective is to optimize the charging task with minimum 
energy costs, possibly taking into account price variations in the 
electricity price. The main advantage of the proposed approach is 
that it provides a nearly to optimal solution in the presence of 
uncertain charging/discharging dynamics. The method is 
evaluated through a numerical model of a grid-connected charging 
station. Four scenarios with different electricity price models are 
studied. The CSA optimization results are compared with the 
results obtained by a rule-based charging algorithm and by an 
open-loop optimal control algorithm: the results illustrate the 
advantages of the proposed CSA algorithm in minimizing the 
charging cost, satisfying the aggregate battery charge sustaining 
conditions and providing robust solutions in the presence of time-
varying vehicle schedules. 

17:30-17:50 TUCT2.4 

Closed-Loop Stability Analysis of Voltage Mode Buck Using a 
Proportional-Delayed Controller 

Hernández-Díez, José Enrique (Univ. Autónoma De San Luis 
Potosí), Méndez-Barrios, César Fernando (Univ. Autónoma De 
San Luis Potosí), Niculescu, Silviu-Iulian (Umr Cnrs 8506, 
Cnrs-Supelec), González-Galván, Emilio J. (Univ. Autónoma 
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De San Luis Potosí), Mejía-Rodríguez, Gilberto (Univ. 
Autónoma De San Luis Potosí), Ramirez Rivera, Victor Manuel 
(Centro De Investigación De Yucatán, AC) 

This paper focuses on the design of a $P$-$delta$ controller for 
the stabilization of a buck DC/DC converter. The basis of this work 
is a geometric approach which allows to partition the parameters 
space into regions with constant number of unstable roots. The 
main contribution of the paper is that it provides an explicit tool to 
find $P$-$delta$ gains ensuring the stability of the closed-loop 
system. In addition, the proposed methodology enables the design 
a non-fragile controller with a desired exponential decay rate 
$sigma$. In order to illustrate the effectiveness of the proposed 
controller, some numerical examples are presented. 

17:50-18:10 TUCT2.5 

A Linear Model Predictive Control for Advanced Building Energy 
Systems 

Sangi, Roozbeh (E.ON Energy Res. Center, RWTH Aachen 
Univ), Kümpel, Alexander (RWTH Aachen Univ), Fütterer, 
Johannes Peter (RWTH Aachen Univ), Müller, Dirk (RWTH 
Aachen Univ) 

Attempts to develop efficient and environmentally friendly building 
energy systems have led to modern complex energy concepts for 
buildings, which have consequently initiated a need for new 
control strategies for them. Model predictive control, which uses a 
system model to predict the future states of the system, offers a 
promising solution to this challenge. In this study, a model 
predictive control for modern complex building energy systems is 
developed. In order to keep the calculation times as short as 
possible, mixed integer linear programming is used to develop the 
model for the controller. The developed linear model predictive 
controller is evaluated by implementing it into a model of building 
using software-in-the-loop simulations. The building model 
represents a generic advanced building energy systems. The 
default controller of the case study is a mode-based controller, 
which is considered as the reference case for evaluation 
purposes. It is revealed that the developed linear predictive control 
could save up to 22.5% of energy consumption compared to the 
mode-based control. 

18:10-18:30 TUCT2.6 

Load Frequency Control for Demand Disturbance Attenuation and 
Transient Response Improvement for a Single-Area Power Plant 

Dritsas, Leonidas (ASPETE), Kontouras, Efstathios (Univ. of 
Patras), Tzes, Anthony (Univ. of Patras) 

This article concerns the design of linear feedback controllers for 
the load frequency control loop of a single area power plant. The 
system is affected by unknown piecewise constant power load 
disturbances. The control objective is formulated as a robust 
regulation control problem relying on an augmented state-space 
description by an integrator applied on the frequency deviation 
error. The primary controller achieves pole clustering in a 
prespecified LMI region, while in the sequel it is further enhanced 
with H∞ disturbance attenuation properties. In any case, the power 
load disturbances are rejected due to the integrator, while the 
transient behavior is determined by tuning the control parameters 
through a trade-off between performance criteria and actuation 
authority. Extensive simulation results demonstrate the complexity 
aspects of the design procedure and highlight the efficiency of the 
proposed control schemes. 

 
  

TUCT3 Meeting Room 3 

Optimization and Control in Smart Grids (Regular Session) 

Chair: Alexandridis, Antonios Univ. of Patras 

Co-Chair: Konstantopoulos, 
George 

The Univ. of Sheffield 

Organizer: Casavola, 
Alessandro 

Univ. Della Calabria 

Organizer: Tedesco, 
Francesco 

Univ. Della Calabria 

Organizer: Vizza, Maurizio Univ. Della Calabria 

16:30-16:50 TUCT3.1 

Steady State Evaluation of Distributed Secondary Frequency 
Control Strategies for Microgrids in the Presence of Clock Drifts 

Krishna, Ajay (Tech. Univ. Berlin), Hans, Christian A. (TU 
Berlin), Schiffer, Johannes (Univ. of Leeds), Raisch, Joerg 
(Tech. Univ. Berlin), Kral, Thomas (Younicos AG, Berlin) 

Secondary frequency control, i.e., the task of restoring the network 
frequency to its nominal value following a disturbance, is an 
important control objective in microgrids. In the present paper, we 
compare various mostly distributed secondary control strategies 
with regard to their behaviour under the explicit consideration of 
clock drifts. In particular we show that, if not considered in the 
tuning procedure, the presence of clock drifts may impair an 
accurate frequency restoration and power sharing. As a 
consequence, we derive tuning criteria for several control 
configurations such that zero steady state frequency deviation and 
power sharing is achieved even in the presence of clock drifts. 
Furthermore, the effects of clock drifts of the individual inverters on 
the different control strategies are discussed analytically and in a 
numerical case study. 

16:50-17:10 TUCT3.2 

Optimal Control of Demand Response in a Smart Grid (I) 

Laureri, Federica (Univ. of Genova), Ferro, Giulio (Univ. Degli 
Studi Di Genova), Minciardi, Riccardo (Univ. of Genova), 
Robba, Michela (Univ. of Genova) 

During the last years, the number of distributed generators has 
grown significantly and it is expected to get higher in the future. 
Several new technologies are being developed for this type of 
generation (including microturbines, photovoltaic plants, wind 
turbines and electrical storage systems) and have to be integrated 
in the electrical grid. In this framework, active loads (i.e., shift-able 
demands like electrical vehicles, intelligent buildings, etc.) and 
storage systems are crucial to make the distribution system more 
flexible and smart. The aim of this paper is to develop a model for 
the optimal integration of microgrids with renewable sources, 
smart buildings, and electrical vehicles (EVs) taking into account 
two different technologies: smart charging and vehicle to grid 
(V2G). 

17:10-17:30 TUCT3.3 

A Suitable to the Microgrid Analysis Approach for Nonlinear 
Modeling and Control of an Inverter Interface (I) 

Papageorgiou, Panos (Univ. of Patras), Alexandridis, Antonios 
(Univ. of Patras) 

Distributed generation and smart grids in modern power systems 
have as basic building block a microgrid structure which is 
naturally an electric network with nodes and links. However, since 
a microgrid is an active network, in most of its nodes, different 
distributed generation units are usually connected through a power 
inverter interface. Thus, for the entire analysis and control of a 
microgrid, the deployment of a suitable model is needed that can 
certainly take into account the dynamic behavior of the power 
inverter devices. In the paper, it is shown that such a modeling for 
the inverter interface can be implemented by using a systematic 
impedance-admittance description. It is also shown that this 
formulation results in a nonlinear modeling, absolutely compatible 
with the rest microgrid description. Also, it is further proven that 
suitable model-based local current-loop control schemes, such as 
proportional-integral (PI) or simply proportional (P), can be 
effectively applied to stabilize the power electronic devices at their 
equilibrium. For the analysis purposes, a rigorous nonlinear 
Lyapunov-based method, with the control schemes included, is 
deployed to guarantee stability, firstly as input-to-state stability 
(ISS) and in a second stage as convergence to the equilibrium. 

17:30-17:50 TUCT3.4 

Power Sharing of Parallel Operated DC-DC Converters Using 
Current-Limiting Droop Control (I) 

Braitor, Andrei-Constantin (Univ. of Sheffield), 
Konstantopoulos, George (The Univ. of Sheffield), 
Kadirkamanathan, Visakan (Univ. of Sheffield) 

In this paper, a nonlinear current-limiting droop controller is 
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proposed to achieve accurate power sharing among parallel 
operated DC-DC boost converters in a DC microgrid application. 
In particular, the recently developed robust droop controller is 
adopted and implemented as a dynamic virtual resistance in series 
with the inductance of each DC-DC boost converter. Opposed to 
the traditional approaches that use small-signal modeling, the 
proposed control design takes into account the accurate nonlinear 
dynamic model of each converter and it is analytically proven that 
accurate power sharing can be accomplished with an inherent 
current limitation for each converter independently using input-to-
state stability theory. When the load requests more power that 
exceeds the capacity of the converters, the current-limiting 
capability of the proposed control method protects the devices by 
limiting the inductor current of each converter below a given 
maximum value. Extensive simulation results of two paralleled DC-
DC boost converters are presented to verify the power sharing and 
current-limiting properties of the proposed controller under several 
changes of the load. 

17:50-18:10 TUCT3.5 

Distance Protection Relays Installation Prioritization in Distribution 
Networks Using Analytic Hierarchy Process and Cost-Benefit 
Analysis 

Islic, Marko (Koncar – Power Plant and Electric Traction 
Engineering Inc), Marusic, Ante (Faculty of Electrical 
Engineering and Computing), Havelka, Juraj (Faculty of 
Electrical Engineering and Computing) 

Due to the increasing low capacity distributed generators (DGs) 
installations and penalization of supply disruptions in electrical 
distribution grid, it is necessary to invest in the distribution 
protection system. This paper discusses profitability of installation 
of relays with distance protection function that could protect lines 
of different voltage levels, lengths and other relevant attributes. 
The aim is to determine which lines are worth protecting with 
distance protection and according to that, order of investment by 
multi-criteria decision-making method – analytic hierarchic process 
(AHP). The first part is an introduction where the circumstances, 
potential benefits and problems that may arise in distribution grids 
are presented. This is followed by theory of distance protection 
and analytic hierarchy process. The final part describes the criteria 
that should be considered and the way of applying the AHP 
method with a real example from Croatian distribution grid. 

18:10-18:30 TUCT3.6 

A Distributed Command Governor Method for the Voltage Control 
in Smart Grids with Distributed Generation and Storage (I) 

Casavola, Alessandro (Univ. Della Calabria), Vizza, Maurizio 
(Univ. Della Calabria) 

Distributed Generation (DG) has gained relevance in Medium 
Voltage (MV) / Low Voltage (LV) power grids worldwide. One of 
the main drawbacks related to high penetration of DG plants is 
represented by abrupt voltage raises. Such an issue typically 
occurs in the presence of either low demand conditions or high 
power production from renewable sources. This work is focused 
on the online management of distributed generators and storage 
devices and exploits ideas of the Distributed Command Governor 
(DCG) approach, which is mainly based on the resolution at each 
time instant of an optimization problem minimizing management 
costs and containing explicit constraints on voltage bounds and 
operational ranges of relevant grid devices. 

  

TUCT4 Meeting Room 4 

Intelligent Control Systems (Regular Session) 

Chair: Boutalis, Yiannis Democritus Univ. of Thrace 

Co-Chair: Roman, Raul-
Cristian 

Pol. Univ. of Timisoara 

16:30-16:50 TUCT4.1 

Peak Power Tracker Based on T-S Fuzzy Model for Photovoltaic 
System 

Harrabi, Naziha (Lab-STA/ENIS), Souissi, Mansour 
(Engineering School of Sfax, Tunisia), Aitouche, Abdel 
(CRISTAL/HEI), Chaabane, Mohamed (National Engineering 
School of Sfax, Tunisia) 

This work aims at designing a Maximum Power Point Tracking 
(MPPT) controller to optimize the photovoltaic (PV) produced 
power. For each pair of temperature and solar irradiance, there is 
a single operating point corresponding to the maximum power 
delivered to the load. As being a nonlinear system, the 
photovoltaic (PV) system can be described by Takagi Sugeno (T-
S) fuzzy model. The proposed MPPT control scheme which allows 
the maximum power transferring from the PV panel to the load is 
mainly based on Parallel Distributed Compensation (PDC) 
technique. The control gains have been computed based on 
Linear Matrix Inequalities tools (LMI). Lyapunov approach has 
been applied to prove the stability of the system. The performance 
of the proposed controller is exhibited by simulation results. 

16:50-17:10 TUCT4.2 

Exploiting the Use of Auto Encoder and Recurrent Neural 
Networks for Robust to Noise Control 

Plakias, Spyridon (Democritus Univ. of Thrace), Boutalis, 
Yiannis (Democritus Univ. of Thrace) 

In most cases, additive noise and disturbances in close-loop 
feedback controllers are being transferred to system output. This 
paper tries to solve the above problem by proposing the 
development of an artificial neural network controller for 
circumstances where noise robustness is a crucial matter. The 
latter has many applications in diverse areas where it is important 
to keep accurately track of a specified reference output. The 
proposed neural controller consists of two parts, an Auto-encoder 
which transforms the input data in a robust to noise representation 
and a Recurrent Neural Network, which is trained initially of-line 
with data taken from PID controller and subsequently on line in an 
indirect feedback controlling scheme. The stability of the overall 
scheme is guaranteed by using Lyapunov stability arguments, 
which guide the convergence of the neural weights. The 
performance of the proposed artificial controller is tested on the 
control of a dc motor system. The simulation results show 
satisfactory reduction of noise in the controlling process and 
accurate output track, as it is desired. 

17:10-17:30 TUCT4.3 

Model-Free Fuzzy Control of Twin Rotor Aerodynamic Systems* 

Roman, Raul-Cristian (Pol. Univ. of Timisoara), Precup, Radu-
Emil (Pol. Univ. of Timisoara), Radac, Mircea-Bogdan (Pol. 
Univ. of Timisoara) 

This paper suggests data-driven Model-Free Control (MFC) 
algorithms based on the combination of Takagi-Sugeno fuzzy 
(TSF) and intelligent proportional-integral (iPI) controllers. The 
new MFC algorithms are referred to as mixed TSF-iPI controllers, 
which are designed to control Single Input-Single Output (SISO) 
control structures for azimuth and pitch position control of a 
nonlinear twin rotor aerodynamic system (TRAS). The mixed TSF-
iPI controllers are designed by fuzzifying the proportional-
derivative term in the iPI controller structure. The performance of 
the SISO control structures with mixed TSF-iPI controllers and iPI 
controllers is compared by means of real-time experiments 
conducted on a TRAS laboratory equipment using controllers 
tuned in terms of a metaheuristic Gravitational Search Algorithm 
optimizer. 

17:30-17:50 TUCT4.4 

Cerebellar-Inspired Learning Rule for Gain Adaptation of 
Feedback Controllers 

Herreros, Ivan (Specs - Univ. Pompeu Fabra), Arsiwalla, 
Xerxes D. (Specs - Univ. Pompeu Fabra), Della Santina, 
Cosimo (Centro E. Piaggio), Puigbo, Jordi-Ysard (Specs - Univ. 
Pompeu Fabra), Bicchi, Antonio (Univ. Di Pisa), Verschure, 
Paul F. M. J. (Specs - Univ. Pompeu Fabra, ICREA) 

The cerebellum is a crucial brain structure in enabling precise 
motor control in animals. Recent advances suggest that the timing 
of the plasticity rule of Purkinje cells, the main cells of the 
cerebellum, is matched to behavioral function. Simultaneously, 
counter-factual predictive control (CFPC), a cerebellar-based 
control scheme, has shown that the optimal rule for learning feed-
forward action in an adaptive filter playing the role of the 
cerebellum must include a forward model of the system controlled. 
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Here we show how the same learning rule obtained in CFPC, 
which we term as Model-enhanced least mean squares (ME-
LMS), emerges in the problem of learning the gains of a feedback 
controller. To that end, we frame a model-reference adaptive 
control (MRAC) problem and derive an adaptive control scheme 
treating the gains of a feedback controller as if they were the 
weights of an adaptive linear unit. Our results demonstrate that the 
approach of controlling plasticity with a forward model of the 
subsystem controlled can provide a solution to a wide set of 
adaptive control problems. 

17:50-18:10 TUCT4.5 

Tuning of an Ip Controller for a Time-Delayed Plant by a 
Performance Portrait Method 

Huba, Mikulas (Slovak Univ. of Tech. in Bratislava), Bistak, 
Pavol (Slovak Univ. of Tech. in Bratislava) 

This paper deals with a performance portrait based analysis and 
optimal tuning of the intelligent proportional (iP) controller for the 
first order time delayed plants. iP control represents the simplest 
solution used within the so called ``model free control'.' Although it 
has been primarily developed for more complex nonlinear plants, 
its basic performance analysis may preferably be carried out in a 
simple linear setup by considering an integral time delayed plant 
with an input (load) disturbance. The corresponding disturbance 
observer is based on a finite-impulse-response (FIR) filter, which 
makes an analytical tuning inapplicable. The paper shows, how it 
may be carried out by the performance portrait method. Inspired 
by analogous problems solved already in a traditional disturbance 
observer based control, comparison of both approaches shows 
new interesting features of the ``model free'' control under time 
delays. 

18:10-18:30 TUCT4.6 

Fuzzy Logic-Based Direct Torque Control for Induction Machine 
Drive 

BOUHOUNE, Kenza (Univ. of Sciences and Tech. Houari 
Boumediene USTHB), YAZID, Krim (Univ. Des Sciences Et De 
La Tech), Boucherit, Mohamed Seghir (Ec. Nationale Pol. El 
Harrach, Algeria), MENAA, Mohamed (Univ. Des Science Et 
De La Tech. HouariBoumediene) 

Direct torque control (DTC) of induction machines presents an 
acceptable tracking scheme for both electromagnetic torque and 
stator flux. However, conventional DTC scheme, based on 
hysteresis comparators and the switching table, suffers from large 
torque and flux ripples, requiring high switching frequency 
operation for the voltage source inverter. In this paper, a modified 
DTC scheme based on fuzzy logic rules is proposed. A fuzzy 
controller (FC) is designed in order to give the appropriate inverter 
voltage vector. The FC could judge the deviation degree of the 
torque and flux errors to select the optimum voltage vector 
according to the fuzzy logic inference. The effectiveness of the 
proposed FC-based DTC for induction machine (IM) drive is 
verified at several operating conditions and highlighted by 
comparing to the conventional DTC. The obtained results illustrate 
low switching frequency, considerable ripples mitigation of torque, 
flux and the stator currents and improving the system 
performance. 

 

TUCT5 Meeting Room 5 

Autonomous Systems (Regular Session) 

Chair: PRODAN, Ionela Grenoble Inst. of Tech. 
(Grenoble INP) - Esisar 

Co-Chair: Cibooglu, Mertcan AVL Res. and Engineering 
Turkey 

16:30-16:50 TUCT5.1 

Hybrid Controller Approach for an Autonomous Ground Vehicle 
Path Tracking Problem 

Cibooglu, Mertcan (AVL Res. and Engineering Turkey), 
KARAPINAR, UMUT (AVL Res. and Development, Turkey), 
Söylemez, Mehmet Turan (Istanbul Tech. Univ) 

This paper proposes a geometric model based lateral control 
system for a ground vehicle. Lateral control algorithm takes the 
advantages of two different path tracking methods at different path 

geometries. Two of the well-known geometric path tracking 
methods, namely Pure-Pursuit method and Stanley method, are 
combined with a simple and easy to implement approach. Pure-
Pursuit method is very good at low speeds. However, as speed 
increases cutting corner behavior occurs and vehicle tends to 
converge to path relatively slow. In contrast, Stanley method 
convergence to the road is very fast and there is no cutting corner 
behavior. However since there is no look ahead behavior in 
Stanley method, it tends to overshoot from the desired path for 
sharp turns. In this work we propose a hybrid method to improve 
convergence to the path, prevent cutting corner and overshoot 
from the desired path. 

16:50-17:10 TUCT5.2 

Time-Optimal Control of Autonomous Electric Vehicles 

Max, György (Budapest Univ. of Tech. and Ec), Lantos, Béla 
(Budapest Univ. of Tech. and Ec) 

In this paper a hierarchically structured framework is proposed for 
the time-optimal trajectory planning and control of autonomous 
electric vehicles with state and input constraints for fixed test 
paths. The time-optimal reference signals are obtained by solving 
a dynamic nonlinear optimal control problem associated with the 
kinematic model of the vehicle using direct discretization and 
multiple shooting method. The high-level control ensures that the 
deviations from the reference trajectories are minimized, while the 
low-level control computes the necessary torques required for the 
electric motors to produce the optimal motion. The efficiency of the 
control system is verified by simulation under realistic performance 
characteristics and accurate 16 degree-of-freedom nonlinear 
model of the electric vehicle. 

17:10-17:30 TUCT5.3 

Vision Based Lane Reference Detection and Tracking Control of 
an Automated Guided Vehicle 

Kawther, Osman (National School of Engineering of Sousse, 
Univ. of Sousse), Ghommam, Jawhar (ENIS), Saad, Maarouf 
(Ec. De Tech. Superieure) 

In this works, a novel lane reference calculation approach is 
developed in order to define a safe and optimal trajectory to be 
tracked by a road vehicle. In a first step of the design, the lane 
boundaries are extracted using a vision based lane detection 
algorithm, which consists in an homography transformation that 
helps to extract features from the captured image frames in order 
to map a set of control points needed to reconstruct the lane path 
edges. In a second step, a real-time safe optimal reference 
trajectory is generated that explicitly takes into account the 
kinematics of a four-wheel road vehicle, a feasible trajectory 
delimited by the estimated lane boundaries is therefore generated, 
the planned trajectory fed to the vehicle controller enabling the 
road vehicle to tracked it. In order to have fast tracking of the 
reference trajectory, a non-singular sliding mode controller is 
implemented to achieve finite convergence of the tracking errors. 
The whole algorithm is applied on a four wheels automated guided 
vehicle model. Numerical simulations are presented to validate the 
proposed approach. 

17:30-17:50 TUCT5.4 

Multi-Layer Optimization-Based Control Design for Quadcopter 
Trajectory Tracking 

NGUYEN, Ngoc Thinh (LCIS (Lab. of Conception and 
Integration of Systems)), PRODAN, Ionela (Grenoble Inst. of 
Tech. (Grenoble INP) - Esisar), Lefèvre, Laurent (Grenoble 
Inst. of Tech. (Grenoble INP)) 

This paper deals with the trajectory tracking problem of a 
quadcopter system through a two-layer optimization-based control 
strategy. The top layer controller employs the MPC (Model 
Predictive Control) method making use of the linearized translation 
dynamics in order to achieve the thrust and the sets of the 
reference angles. The lower control layer considers a combination 
of feedback linearization and optimization-based control. To 
design a CTC (Computed Torque Control) law, the nonlinearities 
of the rotational dynamics are discarded, leading to a controllable 
linear model which is further used in an MPC framework for angle 
tracking. Simulations and comparison results for quadcopter 
trajectory tracking prove the benefits of the proposed multi-layer 
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optimization-based control approach. 

17:50-18:10 TUCT5.5 

Expansion of Attitude Determination Algorithms Via 
Complementary Filtering 

Janusz, Wojciech (Silesian Univ. of Tech), Czyba, Roman 
(Silesian Univ. of Tech), Niezabitowski, Micha³ (Silesian Univ. 
of Tech), Grzejszczak, Tomasz (Silesian Univ. of Tech) 

In this paper we present and compare four methods which 
address attitude estimation problem using Inertial Measurement 
Unit (IMU). The result of these algorithms is attitude estimate in 
the form of attitude quaternion. Two of these methods are authors 
original propositions based on expanding attitude determination 
algorithms by additional complementary filtering. It is shown, that 
this expansion significantly reduces the estimation errors. 

18:10-18:30 TUCT5.6 

Constrained Trajectory Generation for UAV Systems Using a B-
Spline Parametrization 

Stoican, Florin (Pol. Univ. of Bucharest), PRODAN, Ionela 
(Grenoble Inst. of Tech. (Grenoble INP) - Esisar), Popescu, 
Dan (Pol. Univ. of Bucharest), Ichim, Loretta (Pol. Univ. of 
Bucharest) 

This paper extends some previous work on trajectory generation 
for UAV (Unmanned Aerial Vehicles) using differential flatness in 
combination with B-splines parametrization. The originality of this 
work resides in the geometrical interpretations of the B-splines 
properties and their use in generating feasible flat trajectories for 
nonlinear UAV dynamics while ensuring continuous constraint 
validation. Of particular interest (and difficulty) are constraints 
involving system inputs since often the mapping between the input 
and the flat output space is strongly nonlinear. The tools used and 
the results obtained are exemplified over a particular UAV 
dynamical system and can be generalized to any nonlinear system 
admitting a flat description. 

 
  

TUCT6 Meeting Room 6 

Robust Control I (Regular Session) 

Chair: Kienitz, Karl Heinz Inst. Tecnologico De 
Aeronautica 

Co-Chair: Sharma, Nalin 
Kumar 

Indian Inst. of Tech. Delhi 

16:30-16:50 TUCT6.1 

Discrete-Time Static H-Infinity Loop Shaping Control for LPV 
Systems 

Pereira, Renan Lima (UNIFEI), Kienitz, Karl Heinz (Inst. 
Tecnologico De Aeronautica), Guaracy, Fernando H. D. 
(Federal Univ. of Itajubá) 

In this paper a discrete-time static H-infinity loop shaping control 
method for linear parameter-varying (LPV) systems is presented. 
The formulation aims to find a static parameter dependent 
stabilizing controller which yields guaranteed performance. Using 
quadratic H-infinity performance, a set of sufficient conditions is 
provided in a two-step LMI (Linear Matrix Inequality) approach. 
The first step consists in an extension of the left coprime 
factorization for discrete-time LPV systems, in which a particular 
H2 filtering problem is solved. In the second step, sufficient 
conditions for the solution of the static H-infinity loop shaping 
control problem are provided. Besides considering parameter 
dependency, these conditions also include nonparametric 
uncertainties, resulting in more robust closed-loop systems. The 
effectiveness of the method is illustrated with a numerical 
example. 

16:50-17:10 TUCT6.2 

Event-Triggered Output Robust Controller 

Margun, Alexey (ITMO Univ), Furtat, Igor (Russian Acad. of 
Sciences), Kremlev, Artem (ITMO Univ), Zimenko, Konstantin 
(ITMO Univ) 

Event-triggered output robust control algorithm is proposed in the 

paper. Controller synthesis is based on the consecutive 
compensator method. Event-trigger mechanism is based on the 
high-gain state observer. Developed controller provide input-to-
state practical stability of unstable linear plants under conditions of 
parametric uncertainties and bounded external disturbances. 
Computer simulation confirm performance of proposed control 
algorithm. 

17:10-17:30 TUCT6.3 

Stochastic Linear Retarded Systems: Robust Vertex-Dependent 
$H_infty$ Control Via Measurement-Feedback 

Gershon, Eli (Holon Inst. of Tech), Shaked, Uri (Tel-Aviv Univ) 

We consider linear, state-delayed, discrete-time systems with 
stochastic uncertainties in their state-space model. The problem of 
robust $H_infty$ static output-feedback control is solved, for the 
stationary case, via the input-output approach by which the system 
is replaced by a non-retarded system with deterministic norm-
bounded uncertainties. Based on the BRL result of the above 
systems, solutions are obtained for nominal and uncertain 
polytopic systems, where for the former, a single LMI solution is 
obtained and where in the latter a vertex-dependent approach is 
adopted. In both problems, a cost function is defined which is the 
expected value of the standard $H_infty$ performance index with 
respect to the multiplicative noise. 

17:30-17:50 TUCT6.4 

A Robust Reduced Order Functional H-Infinity Observer for Time 
Delay Bilinear Systems 

SASSI, AHLEM (Univ. De Lorraine), Zasadzinski, Michel (Univ. 
De Lorraine), Souley Ali, Harouna (Cran Umr 7039 Cnrs), 
Kamel, Abderrahim (National School of Engineers of Gabes) 

This paper proposes a method for the design of a robust functional 
H-infinity observer for a class of time delay bilinear systems. The 
considered system is affected by norm-bounded uncertainties in 
the system matrices and an unmeasured perturbations which are 
of finite energy. The unbiasedness conditions on the nominal part 
of the error dynamics of the proposed reduced order observer 
were given by calling an algebraic framework. Since, those 
conditions are satisfied, and by calling a Lyapunov-krasovskii 
approach, the stability conditions are obtained through LMI (Linear 
Matrix Inequality). 

17:50-18:10 TUCT6.5 

Tuning of a ${P}{I}^{x+iy}{D}$ Fractional Complex Order 
Controller* 

Guefrachi, Ayadi (Univ. of Gabes, National Engineering School 
of Gabes (ENIG)), Najar, Slaheddine (National Engineering 
School of Gabes, Tunisia), Amairi, Messaoud (National 
Engineering School of Gabes (ENIG)), Aoun, Mohamed 
(National Engineering School of Gabes, Tunisia) 

This paper deals with Fractional Complex Order Controller FCOC 
tuning. The paper presents new structure of FCOC with the form 
${P}{I}^{x+iy}{D}$, in which $x$ and $y$ are the real and imaginary 
parts of the integral complex order, respectively. With the 
controller's five parameters, we can fulfil five design requirements. 
Design specifications are set to ensure robustness toward gain 
variations, noise on system output and disturbance. A tuning 
method for the Controller is presented to accomplish design 
requirements. The proposed design method is investigated with a 
Second Order Plus Time Delay resonant system. Frequency and 
time domain analysis are presented in this manuscript. 

18:10-18:30 TUCT6.6 

Stochastic Discrete Higher Order Sliding Mode Control 

Sharma, Nalin Kumar (Indian Inst. of Tech. Delhi), Singh, 
Satnesh (Indian Inst. of Tech. Delhi), Janardhanan, S (IIT 
Delhi), Patil, Deepak Umakant (TU Kaiserslautern) 

This paper defines the stochastic discrete higher-order sliding 
mode. A control input is designed for an uncertain stochastic 
system with partial state information such that stochastic discrete 
higher-order sliding mode takes place. The proposed definition 
and control scheme is validated through the simulation of a 
rectilinear plant. 
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Technical Program for Wednesday July 5, 2017 

  

WEAT1 Meeting Room 1 

Optimisation II (Regular Session) 

Chair: Vande Wouwer, Alain Univ. De Mons 

Co-Chair: Pitarch, Jose Luis Univ. De Valladolid 

09:00-09:20 WEAT1.1 

Regional Pole Placement for Discrete-Time Systems Using 
Convex Approximations 

Wisniewski, Viviane Louzada (Univ. Federal De Mato Grosso 
Do Sul), Yoshimura, Victor Leonardo (Univ. Federal De Mato 
Grosso Do Sul), Assunção, Edvaldo (UNESP - Univ. Estadual 
Paulista), Teixeira, Marcelo C. M. (State Univ. of Sao Paulo 
(UNESP)) 

This paper formulates the problem of allocating the closed loop 
poles of discrete-time systems in specific regions of the complex 
plane through state-feedback as a semi-definite optimization 
program. In order to handle the non-convex sets that arise from 
the minimum damping factor specification, a new inner 
approximation is proposed. Linear matrix inequalities (LMI) regions 
are used to define restrictions on the numerical algorithm. Finally, 
the method is compared to other alternatives and examples are 
given. 

09:20-09:40 WEAT1.2 

On Transient Responses of an ADMM-Based Distributed Multi-
Agent Optimization Protocol 

Masubuchi, Izumi (Kobe Univ), Asai, Toru (Nagoya Univ), 
Wada, Takayuki (Osaka Univ), Hanada, Kenta (Osaka Univ), 
Fujisaki, Yasumasa (Osaka Univ) 

This paper is concerned with the transient responses of a 
distributed multi-agent optimization protocol based on the 
alternating direction method of multipliers (ADMM). Utilizing a 
representation of an ADMM-based distributed optimization 
protocol as a feedback system with a linear dynamical system and 
a nonlinear relation of the subgradient, analysis of the transient 
responses are provided by investigating the poles of the linear part 
in accordance with the structure of the graph representing the 
communication between agents and the function to be optimized. 
Several numerical computation results are shown to illustrate the 
results. 

09:40-10:00 WEAT1.3 

Robust Multi-Objective Scheduling in an Evaporation Network 

Palacín, Carlos G. (Univ. De Valladolid), Pitarch, Jose Luis 
(Univ. De Valladolid), de Prada, Cesar (Univ. of Valladolid), 
Méndez, Carlos A. (Univ. Nacional Del Litoral - CONICET) 

Considering uncertainty in continuous production processes is key 
to compute short-time optimal schedules which can be trusted in 
practice. This paper proposes a twostep stochastic approach to 
the robust scheduling of several evaporation plants. This approach 
considers the possibility of reacting in the future once the 
uncertainty materializes. Each evaporator has different features 
(capacity, equipment, etc.) and the individual performance is 
affected by external factors and fouling effects. Moreover, a multi-
objective analysis has been carried out to provide a decision 
support for the operator who must take the concrete decisions 
about load allocation and cleaning tasks along a time horizon. The 
problem has been solved by discretizing the time horizon and 
adapting the general-precedence method to deal with an unknown 
number of tasks. The nonlinear behavior of each plant is 
approximated by surrogate linear models obtained experimentally, 
providing thus solutions in acceptable time. 

10:00-10:20 WEAT1.4 

Micro-Algae Productivity Optimization Using Extremum-Seeking 
Control 

Dewasme, Laurent (Univ. of Mons), Feudjio Letchindjio, 
Christian Gabin (Univ. De Mons), Torres Zúñiga, Ixbalank 
(Univ. De Guanajuato), Vande Wouwer, Alain (Univ. De Mons) 

This study investigates a real-time optimization strategy for micro-

algae continuous processes. The objective is to determine the 
optimal dilution rate maximizing the biomass productivity on the 
basis of the on-line measurement of biomass concentration and 
minimum prior process knowledge. Two different micro-algae 
strains (with different growth rates) are considered in this study: 
Dunaliela tertiolecta and Isochyris galbana. The extremum seeking 
control shows good performances in both cases. Practical tuning 
guidelines can be derived based on the strain growth dynamics. 

10:20-10:40 WEAT1.5 

LMI-Based $H_infty$ Nonlinear State Observer Design for 
Anaerobic Digestion Model 

DRAA, Khadidja (Univ. Du Luxembourg), Voos, Holger (Univ. 
of Luxembourg), Alma, Marouane (CRAN, Univ. De Lorraine), 
Zemouche, Ali (Univ. of Lorraine), Darouach, Mohamed (CRAN 
CNRS UMR 7039, Univ. De Lorraine) 

This note deals with the design of an $H_infty$ nonlinear state 
observer for the anaerobic digestion model. Positively, the 
designed observer is an unified one that can be used for different 
class of systems, mainly linear systems, Linear Parameter Varying 
(LPV) systems with known and bounded parameters, and 
nonlinear Lipschitz systems. Applying the Lyapunov theory and 
the $H_infty$ criterion, Linear Matrix Inequality (LMI) condition is 
synthesised and solved to obtain the designed observer gains. 
The novelty of our work consists in the relaxation of the 
synthesized LMI condition through the inclusion of additional 
decision variables. This was possible due to the use of a suitable 
reformulation of the Young's inequality. Stability, effectiveness and 
potency of the theoretical results are confirmed by the simulation 
results. 

10:40-11:00 WEAT1.6 

LMI-Based Invariant Like Nonlinear State Observer for Anaerobic 
Digestion Model 

DRAA, Khadidja (Univ. Du Luxembourg), Alma, Marouane 
(CRAN, Univ. De Lorraine), Voos, Holger (Univ. of 
Luxembourg), Zemouche, Ali (Univ. of Lorraine), Darouach, 
Mohamed (CRAN CNRS UMR 7039, Univ. De Lorraine) 

This note deals with the design of an invariant like nonlinear state 
observer for a two step (acidogenesis-methanogenesis) mass 
balance nonlinear model. In order to ensure the stability of the 
estimation error, a new LMI condition is proposed. The feasibility 
of this LMI is enhanced due to the use of a suitable reformulation 
of the Young's inequality. Actually, additional decision variables 
are included in the LMI to render its feasibility less conservative 
compared to those established in the literature for the same class 
of systems. The numerical simulations using the investigated 
anaerobic digestion model show the effectiveness of the proposed 
LMI methodology. 

 
  

WEAT2 Meeting Room 2 

Robotics II (Regular Session) 

Chair: Dimarogonas, Dimos 
V. 

Royal Inst. of Tech. (KTH) 

Co-Chair: Darmanin, 
Rachael N. 

Univ. of Malta 

09:00-09:20 WEAT2.1 

Experimental Studies on Distributed Control for Area Coverage 
Using Mobile Robots 

Papatheodorou, Sotiris (Univ. of Patras), Tzes, Anthony (Univ. 
of Patras), Giannousakis, Konstantinos (Univ. of Patras) 

This article examines the experimental issues associated with the 
area coverage problem using a network of mobile robots. The 
developed schemes in the literature assume an unrealistic perfect 
knowledge of each point-robot's position. To account for the 
imprecise robots' localization, the covered space partitioning relies 
on the Guaranteed Voronoi (GV) principle, under the assumption 
of uniform radial sensing for each agent. The distributed nature of 
the developed algorithm assigns to each robot a GV-cell which is 
bounded by hyperbolic arcs. The only required information for the 
implementation of this scheme is the relative positioning from each 
robot to its GV-Delaunay neighbors. Simulation and experimental 
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studies are offered to highlight the efficiency of the proposed 
distributed experimental-oriented control law. 

09:20-09:40 WEAT2.2 

Collaborative Mapping and Navigation for a Mobile Robot Swarm 

Arvanitakis, Ioannis (Univ. of Patras), Tzes, Anthony (Univ. of 
Patras) 

The collaborative navigation of a team of ground mobile robots in 
an unknown planar environment towards fixed stationary targets is 
the subject of this paper. Each mobile robot is equipped with a 
limited field of view limited-range finder and a magnetometer to 
infer its orientation. Each target location is known, and a switching 
objective function initially guarantees the individual robot's 
exploration towards its target area and afterwards safely guides 
each robot towards its target. During the collective exploration, the 
robots exchange their maps in a collaborative manner. If a robot 
detects the target that is assigned to another robot, it 
communicates this information to the corresponding robot and 
continues to explore its target. The other robot rather than 
performing exploration towards its already discovered target, it 
attempts to join its map with that of the reporting robot. Simulation 
results that prove the efficiency of the proposed scheme are 
presented. 

09:40-10:00 WEAT2.3 

A Review on Multi-Robot Systems Categorised by Application 
Domain 

Darmanin, Rachael N. (Univ. of Malta), Bugeja, Marvin K. 
(Univ. of Malta) 

Literature reviews on Multi-Robot Systems (MRS) typically focus 
on fundamental technical aspects, like coordination and 
communication, that need to be considered in order to coordinate 
a team of robots to perform a given task effectively and efficiently. 
Other reviews only consider works that aim to address a specific 
problem or one particular application of MRS. In contrast, this 
paper presents a survey of recent research works on MRS and 
categorises them according to their application domain. 
Furthermore, this paper compiles a number of seminal review 
works that have proposed specific taxonomies in classifying 
fundamental concepts, such as coordination, architecture and 
communication, in the field of MRS. 

10:00-10:20 WEAT2.4 

A Nonlinear Model Predictive Control Scheme for Cooperative 
Manipulation with Singularity and Collision Avoidance 

Nikou, Alexandros (KTH Royal Inst. of Tech), Verginis, Christos 
(KTH Royal Inst. of Tech), Heshmati-alamdari, Shahab 
(National Tech. Univ. of Athens), Dimarogonas, Dimos V. 
(Royal Inst. of Tech. (KTH)) 

This paper addresses the problem of cooperative transportation of 
an object rigidly grasped by N robotic agents. In particular, we 
propose a Nonlinear Model Predictive Control (NMPC) scheme 
that guarantees the navigation of the object to a desired pose in a 
bounded workspace with obstacles, while complying with certain 
input saturations of the agents. Moreover, the proposed 
methodology ensures that the agents do not collide with each 
other or with the workspace obstacles as well as that they do not 
pass through singular configurations. The feasibility and 
convergence analysis of the NMPC are explicitly provided. Finally, 
simulation results illustrate the validity and efficiency of the 
proposed method. 

10:20-10:40 WEAT2.5 

Identification Results of an Internal Combustion Engine As a 
Quadrotor Propulsion System 

Haus, Tomislav (Univ. of Zagreb), Car, Marko (Univ. of 
Zagreb), Orsag, Matko (Univ. of Zagreb), Bogdan, Stjepan 
(Univ. of Zagreb) 

In this paper we present the identification results of an internal 
combustion engine propulsion system. We aim to use this system 
in a large quadrotor designed to lift heavy objects with flight 
autonomy up to 60 minutes. In this paper we describe the testbed 
which we have built to perform the experiments. We present the 
static and dynamical characteristic of the propulsion system and 

discuss its dependence on the fuel-air mixture. In particular, we 
determine the static throttle-speed and speed-thrust curves. For 
dynamics analysis, we assume that the rotor dynamics can be 
represented by a PT1 term and present its parameters for different 
engine regimes. Using the overall system transfer function we 
design a simple PI control of the rotor speed which assures 
setpoint tracking. Finally, we discuss if the achieved closed loop 
dynamics is suitable for attitude control of a large quadrotor. 

10:40-11:00 WEAT2.6 

DENDT: 3D-NDT Scan Matching with Differential Evolution 

Gonzalez Prieto, Pavel Enrique (Univ. Carlos III De Madrid), 
Martin, Fernando (Univ. Carlos III), Moreno, Luis (Univ. Carlos 
III), Carballeira, Juan (Univ. Carlos III De Madrid) 

Scan matching is one of the most important tasks that must be 
solved to achieve simultaneous localization and mapping with 
autonomous mobile robots. This paper shows the development 
and results of a new 3D scan matching algorithm based on the 
Normal Distribution Transform and the bio-inspired optimization 
algorithm Differential Evolution. Different tests have been carried 
out to show the good performance of the new solution to the scan 
matching problem. 

 
  

WEAT3 Meeting Room 3 

Modelling and Simulation II (Regular Session) 

Chair: Gőzse, István Computer and Automation Res. 
Inst. HungarianAcademy of 

Sciences 

Co-Chair: Chetcuti Zammit, 
Luana 

Univ. of Malta 

09:00-09:20 WEAT3.1 

Automatic Control to Prevent Coastal Pollution Due to Wastewater 
Plants Using Robotic Technology 

Bolea, Yolanda (Tech. Univ. of Catalonia), Grau, Antoni (Tech. 
Univ. of Catalonia) 

Pollution in coastal areas is very hazardous for the population. The 
problem is even higher when this pollution occurs in bathing areas 
such as beaches in populated areas. In this work, we present a 
new automatic control application for wastewater plants when 
pollution is caused by those plants because there is an excess of 
water to be treated and it is thrown to the sea with high levels of 
biological pollutants (bacteria...). Those problems can be 
aggravated if climatic conditions pull to the coastal area the 
untreated water without the cleaning action of sea water. The 
experimentation is done with real data and real conditions in 
Barcelona area, at Mediterranean sea, with the urban wastewater 
plant of Besos. The water samples are caught by means of 
unmanned aerial vehicles without human intervention. 

09:20-09:40 WEAT3.2 

Multi-Gated Perimeter Flow Control of Transport Networks 

Mat Jusoh, Ruzanna (Univ. of Glasgow), Ampountolas, 
Konstantinos (Univ. of Glasgow) 

This paper develops a control scheme for the multi-gated 
perimeter traffic flow control problem of urban road networks. The 
proposed scheme determines optimally distributed input flows (or 
feasible entrance link green times) for a number of gates located 
at the periphery of a protected network area. A macroscopic model 
is employed to describe the traffic dynamics of the protected 
network. To describe traffic dynamics outside of the protected 
area, we augment the basic state-space model with additional 
state variables to account for the queues at store-and-forward 
origin links at the periphery. We aim to equalise the relative 
queues at origin links and maintain the vehicle accumulation in the 
protected network around a desired point, while the system's 
throughput is maximised. The perimeter traffic flow control 
problem is formulated as a convex optimal control problem with 
constrained control and state variables. For real-time control, the 
optimal control problem is embedded in a rolling-horizon scheme 
using the current state of the whole system as the initial state as 
well as predicted demand flows at entrance links. A meticulous 
simulation study is carried out for a 2.5 square mile protected 
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network area of San Francisco, CA, including fifteen gates of 
different geometric characteristics. Results demonstrate the 
efficiency and equity properties of the proposed approach to better 
manage excessive queues outside of the protected network area 
and optimally distribute the input flows. 

09:40-10:00 WEAT3.3 

Online State and Parameter Estimation for a 4-Arm Traffic 
Junction 

Chetcuti Zammit, Luana (Univ. of Malta), Fabri, Simon G. (Univ. 
of Malta), Scerri, Kenneth (Univ. of Malta) 

An online self-estimation algorithm is developed to jointly estimate 
the states describing the traffic flow dynamics in a signalized 
junction under different traffic conditions, together with model 
parameters and their uncertainties. The proposed novel 
methodology is based on the Expectation-Maximization algorithm 
and Robbins-Monro stochastic approximation. The algorithm is 
validated by simulating a typical signalized 4-arm junction. This 
algorithm could form part of an adaptive control loop for traffic light 
systems that is able to autonomously adjust to changing traffic 
conditions. 

10:00-10:20 WEAT3.4 

A Novel Vehicle Model for Longitudinal Motion Analysis 

Kumar, Subhadeep (IIT Madras), Bhatt, Nirav (Indian Inst. of 
Tech. Madras), Pasumarthy, Ramkrishna (Indian Inst. of Tech. 
Madras) 

Vehicles with adaptive cruise control (ACC) are an important 
component of smart and (semi-) autonomous roads and highway 
systems. These systems are envisaged to handle a large volume 
of manually driven and autonomous vehicles, ensuring smooth 
traffic flow. A reliable model capturing the dynamics of a vehicle is 
essential for developing techniques for model-based adaptive 
cruise control. The existing literature presents detailed models for 
individual subsystems are such as engine, brake, wheel etc. 
However, for analysing longitudinal motion, it is desirable to have 
a unified model capturing all aspects of the vehicle behaviour. In 
this work, we propose such a novel model of vehicle powertrain 
describing the dynamics of different components and interaction 
between them affecting the longitudinal motion. Lastly, using 
simulation studies, it is shown that the developed model can 
emulate the vehicle dynamics in the real-life scenarios such as 
maneuvering through congestion, stop and go, and sudden 
braking. 

10:20-10:40 WEAT3.5 

A Parametric LTI Interpolation with Guaranteed Stability and 
Bounds 

Gőzse, István (Hungarian Acad. of Sciences), Szabo, Zoltan 
(Mta Sztaki), Soumelidis, Alexandros (Comp. and Automation 
Res. Inst) 

A stability preserving interpolation method is proposed for 
parametric SISO LTI systems with a scalar parameter. The 
proposed method is based on the geometrical interpolation of the 
poles. The poles travel on a certain trajectory while the scalar 
parameter changes and samples of these trajectories are known. 
Since the real trajectories are unknown between samples artificial 
trajectories are proposed which are hyperbolic lines. As the main 
contribution, it is shown that the usage of hyperbolic lines 
guarantees stability furthermore guarantees an upper bound on 
the deviation of the interpolated model from the known models in 
the H-infinity sense. The method is tested on a widely known 
benchmark example. 

10:40-11:00 WEAT3.6 

Dynamic Modeling and Simulation of an Industrial Chemical 
Reactor 

Ben Mohamed, Sameh (MACS Res. Lab, National School of 
Engineers of Gabes), BAKIR, Tahani (Univ. of Gabes), 
BOUSSAID, Boumedyen (Univ. Henri Poincaré), Abdelkrim, 
Mohamed Naceur (ENIG) 

Modeling is the entire necessary step for the formulation of a 
mathematical model that can be developed from the physical laws 
governing the process. Modeling can be based on a knowledge 

model or black box model. Nevertheless, black box modeling is 
not practice en real time operation; i.e the signal controls are not 
rich enough to cover all operating modes. So, in industries, a 
simulator of process serves as powerful tool for optimizing the 
operating set points and for simulating the different modes off line. 
That's why we make the modeling of a chemical reactor which is 
among the most delicate processes to model. The design of 
chemical reactor depends on the following factors: size of reactor, 
nature of reagents, temperature of reactor, rate of chemical 
reaction... . This paper deals with basic simulation studies of a 
chemical reactor of producing phosphoric acid. The mathematical 
dynamic model is developed from material and energetic 
balances. Numerical mathematics is used for steady state and 
dynamic analysis which is usually presented by the set of 
differential equations. A simulation is curried out using ”Matlab”. A 
simulator is highlighted, and a validation of the model is done 
through a database taken from industrial process. 

 
  

WEAT4 Meeting Room 4 

Power Systems and Smart Grid (Regular Session) 

Chair: Sourkounis, 
Constantinos 

Ruhr-Univ. Bochum 

Co-Chair: Ricciardi Celsi, 
Lorenzo 

Univ. Di Roma "La Sapienza" 

09:00-09:20 WEAT4.1 

A Distributed Wardrop Control Algorithm for Load Balancing in 
Smart Grids 

Suraci, Vincenzo (Univ. Degli Studi E-Campus), Ricciardi Celsi, 
Lorenzo (Univ. Di Roma "La Sapienza"), Giuseppi, Alessandro 
(La Sapienza), Di Giorgio, Alessandro (Univ. of Rome "La 
Sapienza") 

This paper presents a distributed strategy for load balancing in a 
smart grid, modeling demand and supply as a networked 
dynamical system. The algorithm, which is characterized by point-
to-point communications among agents implemented at the level 
of local energy management systems, is proven to converge to a 
Wardrop equilibrium. Numerical simulations of realistic scenarios 
are reported to show the effectiveness of the proposed approach. 

09:20-09:40 WEAT4.2 

Nonlinear Modeling, Control and Stability Analysis of a Hybrid 
Ac/dc Distributed Generation System 

Makrygiorgou, Despoina (Univ. of Patras), Alexandridis, 
Antonios (Univ. of Patras) 

The parallel ac and dc nature of most the distributed energy 
sources and loads, enforces the idea of forming hybrid ac/dc 
distributed generation (DG) systems. A typical hybrid ac/dc DG 
system consists of: a dc-side, an ac-side and an interlinking 
voltage source inverter (VSI) as power interface between the two 
sides. Dc and ac resistive and constant power loads, as well dc 
and ac distributed energy resources (DERs) are incorporated. To 
enhance system reliability and dynamic performance, energy 
storage devices are connected to the dc link, allowing the power to 
flow in both directions, via a bidirectional boost converter. A 
challenging issue in the design of a hybrid ac/dc DG system is to 
apply effective, reliable and robust control in order to ensure stable 
operation at the desired conditions and to avoid adverse impacts 
between the different parts. In this frame, opposite to the small 
signal analysis, existing in the literature, in this paper, a nonlinear 
control design and analysis of the complete hybrid system is 
deployed. Based on the accurate system model, cascaded-mode 
proportional-integral (PI) controllers are designed and suitably 
implemented to the power electronic interfaces in order to regulate 
both the ac and dc voltages as well as the ac-side frequency. The 
stability analysis conducted on the nonlinear system model with 
the inner-loop current controllers involved, is based on advanced 
Lyapunov techniques and as proven in the paper guarantees 
closed-loop stability and convergence to the desired nonzero 
equilibrium. The entire hybrid system is simulated under DER and 
load rapid changes with the results to verify the smooth and robust 
behavior. 
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09:40-10:00 WEAT4.3 

Cascaded Operation-Mode-Adaptive Control for Power 
Conditioning Systems with Uninterruptible Power Supply 
Capability 

Bendrat, Florian (Ruhr-Univ. Bochum), Chhor, Johnny (Ruhr-
Univ. Bochum), Sourkounis, Constantinos (Ruhr-Univ. 
Bochum) 

The growing number of renewable energy sources and power 
electronic participants are increasingly endangering the quality of 
supply at distribution grid level. A modular shunt-connected power 
conditioning system featuring uninterruptible power supply 
capability is proposed to locally increase power quality and supply 
reliability. This paper proposes an operation-mode-adaptive 
cascaded control strategy enabling the power conditioner to fulfill 
respective quality requirements for grid-connected conditioning 
mode and island mode of operation. Seamless transition between 
both modes is guaranteed by using a load-friendly synchronization 
strategy. The dynamic performance of the chosen control system 
and operation management is evaluated by means of simulative 
investigations. 

10:00-10:20 WEAT4.4 

Controlled Electricity Distribution Network Black Start with Energy 
Storage System Support 

Di Giorgio, Alessandro (Univ. of Rome), Giuseppi, Alessandro 
(La Sapienza), Liberati, Francesco (Ec. Univ), Pietrabissa, 
Antonio (Consorzio Per La Ricerca Nell'automatica E Nelle 
Telecom) 

This paper presents a simple optimal procedure for controlled 
electricity start for electricity distribution grids in reaction to 
adverse events or malicious cyber attacks resulting in the 
interruption of the main power supply from transmission network. 
The islanded operation is supposed to be guaranteed by an 
electric energy storage system, which covers the network 
imbalance between demand and supply from distributed 
generation during the sequential reconnection of medium voltage 
feeders. The objective is to restore the service to the consumers 
while avoiding violation of technical constraints in terms of storage 
power flow and battery capacity. The discussion of simulation 
results assesses the effectiveness of the proposed approach in 
the context of a simplified network model and gives rise to relevant 
remarks and requirements for further developments 

10:20-10:40 WEAT4.5 

Novel Computation-Efficient Three-Phase EPLL-Based Grid 
Synchronization Techniques Considering Power Quality Issues 

Bendrat, Florian (Ruhr-Univ. Bochum), Chhor, Johnny (Ruhr-
Univ. Bochum), Sourkounis, Constantinos (Ruhr-Univ. 
Bochum) 

The deterioration of power quality is posing an increasing problem 
for low and medium voltage grids. At the same time, grid codes 
place ever stricter requirements for the operation of distributed 
generation systems, especially regarding fault-ride-through 
capabilities during more severe grid fault events. Therefore, a 
proper operation of converter-based power systems needs to be 
guaranteed, requiring robust and reliable synchronization 
techniques. Within the scope of this paper, novel topologies of 
three-phase synchronization systems based on Enhanced Phase-
Locked Loops are presented with the main objective to 
significantly increase computational efficiency. Their parameter 
dependent properties are assessed based on simulative 
investigations. 

10:40-11:00 WEAT4.6 

Transient Response Enhancement of PFC Front End 

Martin, Mellincovsky (Ben Gurion Univ), Mor Mordechai, Peretz 
(Ben Gurion Univ), Alon, Kuperman (Ben Gurion Univ), Sitbon, 
Moshe (Ariel Univ), Schacham, Shmuel (Ariel Univ) 

An enhancement of a conventional PI controller used on grid 
connected power factor corrector (PFC) systems is suggested in 
this paper. The transient length is reduced by applying two 
different methods. The first one consists of an auxiliary unit which 
increases the error signal, while the second one is a hybrid 

controller which completely replaces the basic PI controller when 
DC-link voltage drop is detected. The applied control method is 
based on hybrid controller proposed in the literature for dc-dc 
power converters. In order to apply this method to the PCF case 
the controller was properly analyzed for variable input voltage and 
simulation results demonstrate the theoretical findings. 

 
  

WEAT5 Meeting Room 5 

Adaptive Disturbance Rejection (Regular Session) 

Chair: Landau, Ioan Dore CNRS 

Co-Chair: Ioannou, Petros A. Univ. of Southern California 

09:00-09:20 WEAT5.1 

Active Noise Control : Adaptive vs. Robust Approach 

Landau, Ioan Dore (CNRS), Melendez Marquez, Raul (GIPSA-
Lab) 

Active noise control is often concerned with the strong attenuation 
of single or multiple tonal noise disturbances which may have 
unknown and time varying frequencies. Currently in applications 
adaptive feed-forward compensation is used which requires the 
use of an additional transducer and introduces an instability risk 
due to a positive internal coupling. However for these types of 
noise a feedback approach can be efficiently used and this will be 
illustrated in this paper. One considers the case of two tonal 
disturbances located in two distinct frequency regions subject to 
frequency variations within a given range as well the case of 
interferences between tonal disturbances of very close 
frequencies. The objective is to minimize the measured residual 
noise in a predefined location. These problems occurs often in 
ventilation systems (active silencers). To solve these problems 
robust and adaptive solutions are considered. A robust controller 
design using sensitivity function shaping is considered. The 
maximum achievable attenuation is inverse proportional to the 
range of frequency variations of the tonal disturbances. To further 
improve the performance an add-on direct adaptive feedback 
approach using the Internal Model Principle and the Youla Kucera 
parametrization is considered. The adaptive approach allows both 
to improve the performance within the given frequency ranges as 
well as to extend the admissible domain of frequencies variations. 
Experimental results obtained on a relevant test bench will 
illustrates the performance of the two designs. 

09:20-09:40 WEAT5.2 

Design of a Fractional-Order Repetitive Controller for Disturbance 
Cancellation 

Fedele, Giuseppe (Univ. of Calabria) 

This paper presents some results concerning the cancellation of a 
periodic disturbance acting on a time-invariant linear stable, 
possibly non-minimum phase, plant. In particular it shows that a 
fractional-order repetitive controller can be designed under the 
hypothesis that the frequency response of the plant, in the range 
starting from the fundamental frequency of the disturbance signal 
to infinity, belongs to a generic half- plane, passing through the 
origin of the complex plane. Under this assumption, the fractional-
order controller ensures closed- loop asymptotic stability and 
disturbance rejection if a small control gain is used. Moreover, if 
the frequency response of the plant entirely belongs to a half-
plane, a controller can be designed with no restrictions on the 
control gain. The paper gives also some lines on how the 
repetitive controller can be modified to guarantee the disturbance 
cancellation in a greater frequencies range. 

09:40-10:00 WEAT5.3 

LPV Control of Speed Fluctuations in Rotating Machines with 
Nonlinear Dynamics 

Kotzyba, Peter (Clausthal Univ. of Tech), Bohn, Christian 
(Clausthal Univ. of Tech) 

This paper presents a method for controlling torsional vibrations in 
rotating machines with nonlinear dynamics. The work is motivated 
by rotating machines with cam or crankshaft mechanisms that 
generate harmonic signal components in the angular speed with 
respect to the rotation angle. In the system description, the 
torsional vibrations are modeled as disturbances acting upon a 
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linear plant. Thus, the system can be decomposed into a plant 
model and a disturbance model. Both models are then described 
as polytopic linear parameter-varying (pLPV) systems. A 
disturbance observer-based controller is used to counteract the 
time varying fluctuations in the angle speed. The method is tested 
in a simulation study with a model of a camshaft drive. The 
simulation results demonstrate the efficiency of the control 
approach. 

10:00-10:20 WEAT5.4 

On Stochastic Gain of Linear Systems with Nonzero Initial 
Condition 

Boichenko, Victor (Russian Acad. of Sciences), Belov, Alexey 
(ITMO Univ) 

In this paper we consider a linear discrete time invariant system 
under random disturbances and with the nonzero initial condition. 
By the analogy with the anisotropic norm of a stochastic system 
the disturbance attenuation capabilities of system are quantified by 
the anisotropic generalized gain which is defined as the largest 
root mean square gain of the system with respect to a random 
input and the nonzero initial condition, anisotropy of which is 
bounded by a given nonnegative parameter a. A numerical 
example is given. 

10:20-10:40 WEAT5.5 

Overparameterized Robust MRAC for Rejection of Unknown 
Periodic Disturbances Acting on Unknown Plants in the Presence 
of Noise 

Jafari, Saeid (Univ. of Southern California), Ioannou, Petros A. 
(Univ. of Southern California) 

The problem of rejecting unknown sinusoidal disturbances in the 
output of an unknown LTI system which is also corrupted by wide-
band noise has received a lot of interest in the recent years. Most 
of the successful efforts proposed up to now assume that the 
model of the LTI system is stable and is known exactly. This paper 
shows how an overparameterized classical robust model-
reference adaptive control (MRAC) scheme can handle the 
problem of simultaneous reference-model tracking and unknown 
disturbance suppression. The results are applicable to a plant 
whose dominant modeled part is unknown and possibly unstable, 
yet has stable zeros and a known relative degree. Some 
considerations are taken to avoid boosting broadband noise 
effects on the plant output and to improve robustness with respect 
to plant unstructured unmodeled dynamics. The architecture of the 
classical MRAC is employed together with overparameterization of 
the controller and an auxiliary control input for performance 
improvement. The performance and robustness properties of the 
scheme are discussed and numerical simulations are given to 
demonstrate the efficacy of the scheme. 

10:40-11:00 WEAT5.6 

An Optimal Fractional Order Controller for Vibration Attenuation 

Birs, Isabela Roxana (Tech. Univ. of Cluj-Napoca), Folea, Silviu 
(Tech. Univ. of Cluj-Napoca), Muresan, Cristina Ioana (Tech. 
Univ. of Cluj-Napoca) 

Unwanted vibrations may cause severe damage and may 
endanger the lives of passengers on board of an airplane. In the 
last years, there has been an increased focus on the study of 
active vibration techniques. A viable possibility to actively control 
the vibration of an airplane wing is by using piezoelectric 
actuators. The paper presents a novel tuning procedure of a 
fractional order Proportional Derivative controller based on three 
points of the magnitude Bode diagram. The eloquence of the 
controller is experimentally validated on an experimental setup 
consisting of an aluminum beam that replicates an airplane wing. 

 
  

WEAT6 Meeting Room 6 

Linear Systems (Regular Session) 

Chair: Wozniak, Jaroslaw Univ. of Szczecin 

Co-Chair: de la Sen, Manuel Univ. Del Pais Vasco 

09:00-09:20 WEAT6.1 

New Results on the Global Monotonic Tracking of MIMO Systems 

Padula, Fabrizio (Curtin Univ), Ntogramatzidis, Lorenzo (Curtin 
Univ) 

In this paper, we consider the problem of achieving monotonic 
tracking control for any initial condition (also referred to as global 
monotonic tracking control). The main result of this paper is to 
show that in the strictly proper case, the solvability conditions can 
be greatly simplified with respect to the non-strictly proper case, 
and take a form that appears more insightful from a system-
theoretic perspective. 

09:20-09:40 WEAT6.2 

Spectrum of Rotating Beam-Disk-Spring System with Dissipative 
Joint 

Wozniak, Jaroslaw (Univ. of Szczecin), Firkowski, Mateusz 
(Univ. of Szczecin) 

The paper presents analysis of behavior of rotating Timoshenko 
beam-disk-spring system whose movement is controlled by 
angular acceleration of the driving motor into which the beam is 
dissipatively clamped. We present analytical formulas for the 
location of spectrum of the system. 

09:40-10:00 WEAT6.3 

Series Convergence As Reachability Criterion for a System of 
Coupled Wave Equations 

Wozniak, Jaroslaw (Univ. of Szczecin) 

A model of elastic-coupled strings subjected to external control is 
considered, and the spectral properties of its operator model are 
presented. The problem of reachable states description is 
explored and solved in the form of convergence of series 
connected with final states. 

10:00-10:20 WEAT6.4 

Input-Output Stability Analysis of a Slowly Rotating Rotor with 
Friction on One End 

Wozniak, Jaroslaw (Univ. of Szczecin), Niesterowicz, Beata 
(Zachodniopomorski Uniwersytet Tech. W Szczecinie) 

The paper is devoted to analysis of long-time behavior of a rotor 
modeled as a rotating disk-beam system. We assume that the 
beam is rigidly clamped to the disk on one end and it rubs the 
outer enclosing on the other end, and the resulting friction heats 
the beam. We analyze the input-output stability of the temperature 
of the beam while steering the system via angular acceleration of 
the disk. Analytic considerations are supplied with concrete 
numerical example. 

10:20-10:40 WEAT6.5 

About the Kalman-Yakubovich-Popov Lemma and Non-Minimal 
State-Space Realizations 

de la Sen, Manuel (Univ. Del Pais Vasco) 

This paper is devoted to discuss the implications of the Kalman-
Yakubovich-Popov Lemma, or Positive Real Lemma, when non-
minimal state space realizations of transfer matrices of linear 
continuous systems are used. It is seen that some spurious 
parametrical conditions for positive realness of the transfer matrix 
to be equivalent to the stability Lemma from a Lyapunov equation 
with extended constraints appear on the non- minimal 
parameterizations. 

10:40-11:00 WEAT6.6 

On the Notion of Transfer Function for Linear Hybrid Systems with 
Periodic Jumps 

Galeani, Sergio (Univ. Di Roma Tor Vergata), Possieri, Corrado 
(Univ. Di Roma Tor Vergata), Sassano, Mario (Univ. of Rome, 
Tor Vergata) 

In this paper, we introduce the notion of transfer function for linear 
hybrid systems in the presence of time-driven periodic jumps. 
Such concept is employed to extend frequency-domain analysis 
tools - well-known and extensively used in the context of purely 
continuous or discrete time systems - to a class of hybrid systems. 
In particular, knowledge of the transfer function permits firstly the 
computation in closed-form of the complete forced (state or output) 
response of the hybrid plant. Moreover, the hybrid transfer function 
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allows for the frequency-domain definition of the notion of 0-th 
moment of the underlying system, which is instrumental, e.g. for 
the solution to model reduction or system identification problems. 
It is shown, in addition, that the notion of moment based on the 
hybrid transfer function possesses an interesting time-domain 
counterpart, hence extending the results obtained for purely 
continuous-time systems. The paper is concluded by numerical 
simulations to further substantiate the theoretical claims. 

 
  

WEBT1 Meeting Room 1 

Process Control (Regular Session) 

Chair: Visioli, Antonio Univ. of Brescia 

Co-Chair: Padula, Fabrizio Curtin Univ 

13:30-13:50 WEBT1.1 

Compressor Map Approximation Using Chebyshev Polynomials 

Zagorowska, Marta (Imperial Coll. London), Thornhill, Nina 
(Imperial Coll. London) 

Compressor maps are one of the main elements describing the 
behaviour of centrifugal compressors. Although the compressor 
map is often provided by the manufacturer, there may be changes 
during the lifetime of the compressor due to refurbishments or 
wear. Since the compressor maps are often used in real-time 
optimization problems, there is a need for simple approximation 
methods. This paper focuses on approximation of physical models 
using Chebyshev polynomials instead of third order polynomials 
which are unable to capture some aspects of the compressor 
behaviour. Chebyshev polynomials capture the characteristics 
better than third order polynomials. They provide a flexible tool for 
compressor map approximation and analysis. 

13:50-14:10 WEBT1.2 

On the Fragility of Fractional-Order PID Controllers for IPDT 
Processes 

Padula, Fabrizio (Curtin Univ), Visioli, Antonio (Univ. of 
Brescia) 

This paper investigates the fragility (both from the stability and 
performance point of view) of (optimally tuned) fractional-order 
P(I)D controllers applied to integral processes. Indeed, the effects 
of the variations of the controller parameters are investigated in 
order to understand if the fine tuning of the controller is a critical 
issue. Both the set-point response and the load disturbance 
rejection tasks are considered. A comparison with standard 
integer-order P(I)D controllers is also performed. 

14:10-14:30 WEBT1.3 

State Estimation Using a Multi-Rate Particle Filter for a Reactive 
Distillation Column Described by a DAE Model 

Haßkerl, Daniel (TU Dortmund Univ), Subramanian, 
Sankaranarayanan (TU Dortmund), Hashemi, Reza (TU 
Dortmund Univ), Arshad, Momin (TU Dortmund), Engell, 
Sebastian (TU Dortmund) 

State estimation for systems that exhibit nonlinear dynamics is a 
challenging task. Various estimation techniques have been 
proposed and the applicability of the available techniques has 
been demonstrated for more or less complex cases. Applications 
to really large process models are still rare. In this paper, we 
investigate a reactive distillation (RD) process that is modeled by a 
high-dimensional nonlinear system that is described by differential 
and algebraic equations (DAE) with more than one hundred 
states. The process exhibits highly nonlinear dynamics and only a 
few states are measured. The measurements include both 
differential and algebraic states and are available at different 
frequencies. We present a formulation of the multi-rate particle 
filtering (PF) state estimation method which is specifically 
designed to handle models that are described by DAE. Compared 
to existing publications on multi-rate particle filtering modifications 
of the algorithm are required for nonlinear DAE models where 
algebraic state variables are measured. We demonstrate the 
computational feasibility of the methods for the high order RD 
process model and compare the performance of the proposed 
estimator for the single-rate case where all measurements are 
available at every sampling instance and for the multi-rate case 

where the outputs are available at different sampling rates. We 
also investigate the effect of the number of particles on the mean 
squared esti-mation error for the single-rate and for the multi-rate 
sampling case and show that the proposed particle filtering 
technique can be applied to this complex system with a 
reasonable number of particles. 

14:30-14:50 WEBT1.4 

Robust PI Design with Pole Allocation for MIMO Systems Using 
LMI 

Parada Contzen, Miguel (Tech. Univ. Berlin) 

In this paper we deal with the design problem of PI controllers for 
linear MIMO systems using LMI. From a previous result on output 
static feedback design, we describe the closed loop system by an 
augmented states space representation to identify conditions for 
design of the controllers gains. We extend the main result to 
consider parametric norm bounded uncertainties, and a closed 
loop pole allocation criteria based on the so called D-stability 
regions. The design procedure is applied to two simulation 
examples. The first one deals with the Quadruple Tank Process 
benchmark while the second considers distributed control of a 
multiagent system. 

14:50-15:10 WEBT1.5 

Analysis of Similarities between Alarm Events in the 
Semiconductor Manufacturing Process 

MELHEM, Mariam (Aix-Marseille Univ), Ananou, Bouchra 
(LSIS), Ouladsine, Mustapha (Univ. D'aix Marseille III), combal, 
Michel (ST-Microelectronics), PINATON, JACQUES 
(STMicroelectronics) 

In the complex industry processes, failures occurred during 
manufacturing may deteriorate the final product quality, which 
results in a large number of scrapped products and thus a huge 
loss of the manufacturing Yield. To control the production steps, 
alarms go off to indicate occurred problems. However, alarms may 
be frequently raised which reduces the ability of operators to 
manage plant abnormalities. This paper deals with the study of 
correlation and the visualization of historical alarm data. Alarm 
events are mathematically represented as binary sequences, and 
two indices for identifying no critical alarms and similarities 
between alarms are proposed. An application on real industrial 
alarm data from the semiconductor manufacturing process has 
highlighted the practicability of the proposed approach in terms of 
reducing nuisance alarms, in order to decrease the operator 
overload. 

15:10-15:30 WEBT1.6 

Operations Scheduling in Batch Chemical Plants with Timed 
Automata 

Li, Jeh-Hsuan (National Cheng Kung Univ), Hsieh, Wei-Chun 
(National Cheng Kung Univ), Chang, Chuei-Tin (National 
Cheng Kung Univ) 

Manual synthesis of operation schedules for a batch chemical 
process may be time-consuming and error-prone. The timed 
automata are utilized in the present work to develop a generic 
approach to automatically generate the optimal steps needed for 
achieving a predetermined goal. In particular, all components in a 
given system and the control specifications are characterized with 
automata constructed according to the proposed modeling rules. A 
system automaton is assembled with these components via 
parallel composition, and the best operation path then identified 
accordingly. A sequential function chart (SFC) and the 
corresponding Gantt chart can both be easily extracted from this 
path in practical applications. Two examples are presented to 
demonstrate the feasibility of this approach. 
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WEBT2 Meeting Room 2 

Adaptive Control (Regular Session) 

Chair: Lemos, Joao M. INESC-ID 

Co-Chair: Ilioudis, Vasilios Aristotle Univ. of Thessaloniki 

13:30-13:50 WEBT2.1 

Adaptive State Feedback Stabilization of N + 1 Coupled Linear 
Hyperbolic PDEs 

Anfinsen, Henrik (NTNU), Aamo, Ole Morten (NTNU) 

We design an adaptive control law for a set of n + 1 linear partial 
differential equations (PDEs) of the hyperbolic type. The control 
law is based on swapping design, where filters are used to 
express the system states as linear, static combinations of the 
filters and the unknown parameters, facilitating for estimating the 
parameters using any standard adaptive law. The estimates 
generated by the adaptive law combined with the filters can then 
be used to generate estimates of system states for which an 
adaptive controller is designed. Boundedness and square 
integrability in L_2 for all signals in the closed loop is proved, and 
the theory is demonstrated in a simulation. 

13:50-14:10 WEBT2.2 

Robust Adaptive Controller for Linear Plants with Variable Step 
Quantizer 

Margun, Alexey (ITMO Univ), Furtat, Igor (Russian Acad. of 
Sciences), Bazylev, Dmitry (ITMO Univ) 

The paper is extension of previous authors results and aimed to 
the adaptive control of uncertain linear plants under conditions of 
only quantized output measurement and bounded external 
disturbances. Quantizer with dynamical changing step is 
considered. Control law synthesis is based on consecutive 
compensator method. Kharitonov polynomials based tuning 
algorithm for controller parameters and quantization step is 
designed. Proposed control system provides convergence of 
quantizer output to the reference signal with prespecified 
accuracy. 

14:10-14:30 WEBT2.3 

Automatically Fine-Tuned Speed Control System for Fuel and 
Travel-Time Efficiency: A Microscopic Simulation Case Study 

Michailidis, Iakovos (Center for Res. and Tech. Hellas), 
Michailidis, Panagiotis (Centre for Res. and Tech. Hellas), 
Rizos, Athanasios (Consiglio Nazionale Delle Ricerche), 
Korkas, Christos (Democritus Univ. of Thrace), Kosmatopoulos, 
Elias (Democritus Univ. of Thrace and CERTH, Greece) 

Within the current document a model independent, cognitive and 
adaptive optimization mechanism, namely CAO, is adopted for 
providing efficient speed/torque control actions. However since 
real-life tests were not feasible, a simulation model of a 1.4lt 
displacement gasoline car, playing the role of the actual car, was 
adopted while the potential maximum cruising speed levels are 
chosen so as to emulate a usual suburban route and the vehicle 
speed control is replicated by a common PID scheme. The control 
decisions are applied directly to the car throttle/torque pedal itself. 
The goal of the optimization application was to minimize the 
vehicle velocity error, while minimizing the total fuel consumption 
for a certain 10km trip with varying road angles/slopes. It should 
be noted that CAO module could be applied directly to a car 
system in a straightforward manner without any preparatory 
investigations. Initially PID gain values were selected arbitrary 
while a PID gain – tuning module from Matlab/Simulink was used 
in order to fine-tune them under certain road conditions. Finally the 
tuned values were used as initial ones for all CAO's application 
cases (A, B, C and D). CAO presented substantial improvements 
in the specified performance index, with respect to the base case 
speed strategy, as well as to the PID tuning in all simulation 
scenarios considered. 

14:30-14:50 WEBT2.4 

A Model Based Sliding Mode Observer Applied in PMSM 
Sensorless Control for Speed and Position 

Ilioudis, Vasilios (Aristotle Univ. of Thessaloniki) 

This paper presents a novel algorithm for speed and position 
estimation of Permanent Magnet Synchronous Machine (PMSM). 
The developed sensorless control scheme is based on a simple 
implementation of sliding mode observer (SMO) employing the 
modified PMSM mathematical model. All PMSM variables are 
expressed in an arbitrary rotating frame. Initially the modified rotor 
flux is calculated through measuring the stator voltages and 
currents. Then the required rotor speed and angle are estimated 
via a connected in series SMO using the modified rotor flux as 
input. Simulation results demonstrate and the effectiveness of the 
proposed sensorless method and the convergence performance of 
rotor speed/angle observer. 

14:50-15:10 WEBT2.5 

Recursive Sparse Identification for Adaptive Control 

Bras, Rui (INESC-ID), Lemos, Joao M. (INESC-ID) 

Motivated by applications in adaptive control, this article compares 
two recursive estimation algorithms for sparse estimation of linear 
dynamical (ARX) models. In most practical situations an accurate 
mathematical model estimation of a real system using the least 
number of parameters is highly desirable. The expectation of 
sparsity is imposed through minimization of an objective function 
that includes a quadratic error term combined with a sparsity-
inducing regularization term. The Least Absolute Shrinkage and 
Selection Operator (LASSO) is a well-known example of this 
approach. The increasing complexity and memory requirements of 
LASSO inspire the development of recursive algorithms that use 
the l1-norm and the l1-weighted norm. The two algorithms 
considered consist of a modification of recursive LASSO by the 
addition of a l1-weighted regularization term. In one case 
subgradient minimizers are used, while the proximal gradient is 
used in the other. Simulation results show that the use of the 
proximal gradient is advantageous. 

15:10-15:30 WEBT2.6 

Simple Adaptive Control of Quadrotor Attitude. Algorithms and 
Experimental Results 

Tomashevich, Stanislav (IPME RAS, ITMO Univ), Fradkov, 
Alexander L. (Acad. of Sciences of Russia), Andrievsky, Boris 
R. (Inst. for Problems of Mechanical Engin), Belyavskyi, 
Andrew (ITMO Univ), Amelin, Konstantin (SPBSU) 

In the paper the simple adaptive control approach is employed to 
designing the adaptive controllers of quadrotor angular motion. 
The adaptive controllers are synthesized based on the Implicit 
Reference Model (IRM) design technique. The “shunting method” 
(parallel feedforward compensation) is used to cope with the 
unmodelled plant dynamics. Analytical justification of system 
stability is made by employing the Passification method. Quality of 
the closed-loop IRM adaptive control system is studied and 
compared with that of the proportional-derivative (PD) non-
adaptive control system experimentally on two degrees of freedom 
(2DOF) quadrotor testbed and in-flight tests of the QuadRoy 
quadrotor for nominal and parametrically perturbed cases. 
Advantage of the simple adaptive control for the cases of the plant 
model parametric uncertainty and the external disturbances is 
demonstrated. 

 
  

WEBT3 Meeting Room 3 

Robotics and Control Engineering Education (Invited Session) 

Chair: Gonçalves, José A. IPB 

Co-Chair: Moura Oliveira, 
Paulo 

Univ. De Tras Os Montes E Alto 
Douro 

Organizer: Gonçalves, José 
A. 

IPB 

Organizer: Moura Oliveira, 
Paulo 

Univ. De Tras Os Montes E Alto 
Douro 

Organizer: Soares, Filomena Univ. of Minho 

13:30-13:50 WEBT3.1 

Application of 2DOF Quadrotor-Based Laboratory Testbed for 
Engineering Education (I) 

Belyavskyi, Andrew (ITMO Univ), Tomashevich, Stanislav 
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(IPME RAS, ITMO Univ), Andrievsky, Boris R. (Inst. for 
Problems of Mechanical Engin) 

The paper is devoted to application of the novel 2DOF Quadrotor-
based Laboratory Testbed for engineering education in the such 
the disciplines as Automatic Control, Adaptation and Identification, 
Real-time Control Systems, Data and Signal Processing, 
Telecommunications, Information Theory, Flight Dynamics, high- 
and low-level Programming Languages. The testbed is based on a 
quadrotor, mounted in the gimbals. Testbed is aimed for 
debugging and pre-flight testing the quadrotor control algorithms, 
for scientific research and education. In the paper, construction of 
the Testbed is briefly described and the experience of its usage for 
engineering education in the ITMO University is outlined. 

13:50-14:10 WEBT3.2 

Differential Mobile Robot Controller Study: A Low Cost Experiment 
Based on a Small Arduino Based Prototype (I) 

Gonçalves, José A. (IPB), Costa, Paulo (Univ. of Porto) 

In this paper it is presented a low cost experiment based on a 
small Arduino based prototype. The chosen educational challenge 
is a classical introductory experiment, that consists in following a 
line with a mobile robot. The presented experiment has as goal to 
introduce students to mobile robotics, having as base a challenge 
and a kinematics that are commonly applied in Junior 
competitions. A group of students participated in a workshop that 
consisted, initially, in a lecture where tutors explained the 
differential robot kinematics and how to develop a controller for the 
proposed challenge. Then the students, after the theoretical 
introduction, implemented the proposed robot controller. 

14:10-14:30 WEBT3.3 

An Experience of Implementing Robotics Education in Secondary 
and High Schools (I) 

Filippov, Sergey (Presidential Lyceum of Physics and 
Mathematics), Fradkov, Alexander L. (Acad. of Sciences of 
Russia), Ten, Natalia (ITMO Univ), Nikitin, Denis (Saint 
Petersburg State Univ) 

Robotics and control theory education at schools has shown to be 
an effective start for children to become a successful engineer. It 
is a complex task to make the education complex and to build a 
system that will help hundreds of schoolchildren succeed. It 
includes many steps. First, it is important to find ways to explain 
robotic principles and to teach children how to use control theory 
in a simple way. Second, to provide high quality techniques for 
both students and teachers. Third, to organize activities to fill 
robotic life with events that will face children with new challenges. 
Fourth, to help children continue their way in universities and get 
good jobs. And last but not least is to make the whole system work 
nonstop, be effective and provide good results. The Robotics 
Center described below is an example of a place, where such 
steps were made. The paper is about an unique experience of 
making such a complex robotic education system for children of 
middle and high schools, its description and results. Courses of 
the leading robotic education branches (UAV, computer vision and 
navigation) are described. Robotic activities are shown: 
competitions, robotic games and robotic camps are described. The 
paper shows the outcomes of the robotic education and its 
influence on student lives. 

14:30-14:50 WEBT3.4 

Classroom Partial Flip for Feedback Control Systems: A 
Biomedical Engineering Experience (I) 

Moura Oliveira, Paulo (Univ. De Tras Os Montes E Alto Douro), 
Cunha, José Boaventura (Univ. De Trás-Os-Montes E Alto 
Douro) 

New times demand new teaching and learning methodologies. A 
partial flipped classroom methodology was tested in a modelling 
and feedback control course for undergraduate biomedical 
engineering. A semester course was divided in two parts: the first 
half using a flipped approach and the second one using a classical 
approach. The experience results are reported, presenting the 
methodology ups and downs. The use of videos as student's 
primer study supporting element to prepare classes in advance 
was explored. Using part of the class time to perform quiz group 

activities proved to be a major enabler to actively involve students 
in the learning process. The results achieved in the flipped part 
strongly confirm a much higher engagement and participation level 
from students in theoretical classes. Moreover, the flipping 
approach promotes students to continuously study along the 
semester. 

14:50-15:10 WEBT3.5 

Teaching/Learning PBL Activity: Gantry Crane Control System 
Implementation (I) 

Correia, Ana (Univ. of Minho), Amaro, Bruno (Univ. of Minho), 
Junior, Emanuel (Univ. of Minho), Barbosa, Joao (Univ. of 
Minho), Pinto, Tiago (Univ. of Minho), Bicho, Estela (Univ. of 
Minho), Soares, Filomena (Univ. of Minho), Moura Oliveira, 
Paulo (Univ. De Tras Os Montes E Alto Douro) 

This paper presents a teaching/learning experiment running in the 
laboratorial curricular unit Project I of the 4th year of the Integrated 
Master in Industrial Electronics and Computers Engineering at the 
University of Minho. Project specifications were defined by the 
three teachers involved in the experience and students were 
encouraged to look on different solutions for a real-word problem. 
In a concurrent way, students designed, developed and 
implemented didactic rigs to control a gantry crane system. The 
control was performed in open-loop, based on the Posicast 
feedforward technique, and in closed-loop, using a two-degrees of 
freedom configuration. The experiment procedure and the project 
outcomes of two solutions proposed by the students are 
presented. 

15:10-15:30 WEBT3.6 

Software Tool for MoReRT Design of 2DoF PI/PID Controllers (I) 

Vilanova, Ramon (Univ. Autonoma De Barcelona), Alfaro, 
Victor M. (Univ. of Costa Rica), Visioli, Antonio (Univ. of 
Brescia) 

The goal of this paper is to present a software tool intended to aid 
at the design of 2DoF PI/PID controllers by using the MoReRT 
approach. This tool is suitable for those who need to design the 
PID controller for the simple closedloop feedback in an effective 
and user-friendly way. The tool has been implemented in 
MATLAB^R /SIMULINK^R and has been designed on the basis of 
a simple but effective menu/dialog interaction system. That users 
may benefit from the simple utilization without the need of complex 
software optimization requirements. The features of this tool 
determine its usability especially for educational purposes. The 
software includes system analysis and robustness features, 
design of 2DoF PI and PID controllers, closed loop simulations 
and evaluation of control quality. As a tool for education, it also 
provides appropriate theoretical background to specific control 
design tasks, therefore the user is able to understand all 
performed tasks without an exhaustive effort. 

 
  

WEBT4 Meeting Room 4 

Networked Systems (Regular Session) 

Chair: Manesis, Stamatis Univ. of Patras 

Co-Chair: Stankovic, Srdjan Univ. of Belgrade, Serbia 

13:30-13:50 WEBT4.1 

Multi Operating Mode for Energy Adaptability in Wireless Sensor 
Network 

AYADI, Hayfa (ENIG), Zouinkhi, Ahmed (National School of 
Engineering of Gabes), Val, Thierry (Univ. De Toulouse CNRS 
IRIT UMR 5505), Boussaid, Boumedyen (National School of 
Enginering of Gabes), Abdelkrim, Mohamed Naceur (ENIG) 

Wireless communication presents the most attractive sign of 
development in this decades. It contributes to the appearance of 
Wireless Sensor Network (WSN) which is invented in order to 
increase the supervision capacity for such phenomenon. It gets 
more regard from both the customers and the research society. 
(WSNs) is composed from numerous wireless sensor nodes which 
suffer from a very serious energy constraint. For this raison we are 
interested to the standard of IEEE 802.15.4 with beacon enabled 
mode. This work suggests a multi mode approach to the 
technology of IEEE 802.15.4 as a new technique to extend the 
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lifetime of the network. The paper interests to network largely 
extended with cluster tree topology. In such a way that the network 
becomes divided to many subgroups. In each subgroup, a PAN 
coordinator is placed as a coordinator to its children. Besides, 
every subgroup has its specific parameters of Beacon Order (BO) 
and Superframe Order (SO) which depend only from the 
remaining energy in the battery of the nodes. When a node suffers 
from lack of energy, its PAN coordinator parent intervene by 
changing its main parameters (BO, SO) in order to postpone its 
death. 

13:50-14:10 WEBT4.2 

Cyber-Attack Detection in the Networked Control System with 
Faulty Plant 

Yaseen, Amer (LILLE 1 Univ. - Science and Tech), BAYART, 
Mireille (Univ. of Lille1) 

In this paper, the mathematical framework of behavioral system 
will be applied to detect the cyber-attack on the networked control 
system which is used to control the remotely operated underwater 
vehicle ROV. The Intelligent Generalized Predictive Controller 
IGPC is used to control the ROV. The IGPC is designed with fault-
tolerant ability. In consequence of the used fault accommodation 
technique, the proposed cyber-attacks detector is able to clearly 
detect the presence of attacker control signal and to distinguish 
between the effects of the attacker signal and fault on the plant 
side. The test result of the suggested method demonstrates that it 
can be considerably used for detection of the cyber-attack. 

14:10-14:30 WEBT4.3 

On the Optimization of Energy Storage System Placement for 
Protecting Power Transmission Grids against Dynamic Load 
Altering Attacks 

Di Giorgio, Alessandro (Univ. of Rome), Giuseppi, Alessandro 
(La Sapienza), Liberati, Francesco (Univ. of Ec), Ornatelli, 
Antonio (La Sapienza), Rabezzano, Antonio (La Sapienza), 
Ricciardi Celsi, Lorenzo (Univ. Di Roma) 

In this paper a power system protection scheme based on energy 
storage system placement against closed-loop dynamic load 
altering attacks is proposed. The protection design consists in 
formulating a non-convex optimization problem, subject to a 
Lyapunov stability constraint and solved using a two-step iterative 
procedure. Simulation results confirm the effectiveness of the 
approach and the potential relevance of using energy storage 
systems in support of primary frequency regulation services. 

14:30-14:50 WEBT4.4 

Optimal Estimation in Feedback Control Loops with Packet 
Dropouts Compensation Strategies 

Vargas, Francisco J. (Univ. Técnica Federico Santa María), 
Cid, Felipe (Univ. Tècnica Federico Santa Marìa), Maass, 
Alejandro I. (The Univ. of Melbourne) 

This paper addresses the problem of optimal estimation in a 
feedback loop where both communication channels, feedback 
path and control path, are subject to data loss. To deal with 
measurement loss, the controller embeds a data dropout 
compensator that replace the missing data with optimal estimates 
of the measurement. For the case of control signal loss, we 
consider that the controller sends not only the current control input 
but also a sequence of future control inputs. Such sequence is 
stored in a buffer at the actuator side, to employ in case of data 
loss. To obtain our results we consider that almost all the 
controller processing is an affine function of the collected data. In 
this scenario, we obtain optimal estimates of both the plant state 
and also the buffer state that, given the linear nature of the 
controller, are computationally inexpensive and easy to implement. 

14:50-15:10 WEBT4.5 

Distributed Offset Correction for Time Synchronization in Networks 
with Random Delays 

Stankovic, Milos S. (Univ. of Belgrade), Stankovic, Srdjan 
(Univ. of Belgrade, Serbia), Johansson, Karl Henrik (Royal Inst. 
of Tech) 

A new distributed asynchronous offset correction algorithm for 
time synchronization in networks with random communication 

delays, communication dropouts, and measurement noise is 
proposed. The algorithm is based on a specially constructed error 
function which includes delay compensation and unboundedly-
increasing-time compensation parameters. Convergence of the 
algorithm in the mean square sense and w.p.1 is proved. A 
modification of the algorithm based on consensus on the delay 
compensation parameter is also proposed, offering better 
performance in practice. Illustrative simulation results are 
presented. 

15:10-15:30 WEBT4.6 

Mobile Robot Trajectory Planning for Large Volume Data-Muling 
from Wireless Sensor Nodes 

Tsilomitrou, Ourania (Univ. of Patras), Tzes, Anthony (Univ. of 
Patras), Manesis, Stamatis (Univ. of Patras) 

This article focuses on the utilization of a mobile robot as data 
mule for collecting and transferring data from a ground wireless 
sensor system (WSN). For the case, where the nodes' 
communication is impeded either due to a non-connected node, or 
due to excessive retransmissions caused by significant packet 
losses, the effective transmission rate is reduced and the energy 
consumption for the RF-communication increases. In this case, 
the mobile element/robot approaches the nodes and collects data 
with a reduced packet loss rate resulted from the use of the 
proposed technique. The devised algorithm is implemented in the 
operating system Contiki. Then, the mobile element transfers the 
stored data to the desired destination. In the adopted scenario, the 
mobile element assumes prior knowledge of the nodes' locations 
and its trajectory is extracted by solving a combinatorial 
optimization problem that resembles that of Traveling Salesman 
Subset-tour Problem (TSSP). Furthermore, the system is capable 
of transferring large volumes of data between source nodes and 
destination one, taking into account: a) the reliable data 
transmission, b) the traveling distances between the static nodes, 
c) the visiting/service time at each node and, d) the energy 
consumption of the mobile robot. Finally, experimental studies 
indicate the efficiency in terms of reliable data transmission and 
transmission time among pairs of static and a mobile node. 
Subsequently, the effectiveness of the overall concept is validated 
by means of simulations. 

 
  

WEBT5 Meeting Room 5 

Unmanned Systems I (Regular Session) 

Chair: Ariola, Marco Univ. Degli Studi Di Napoli 
Parthenope 

Co-Chair: Holzel, Matthew Univ. of Bremen 

13:30-13:50 WEBT5.1 

Formation Control and String Stability of a Group of Kinematic 
Vehicles with Front-Steering Wheels 

Arogeti, Shai (Ben-Gurion Univ. of the Negev), Ailon, Amit (Ben 
Gurion Univ. of the Negev) 

The paper considers control problems of a group of front-steering 
wheels kinematic nonholonomic vehicles with three wheels. The 
problems of driving the vehicles towards desired rigid and string-
like formations are considered. Special attention is given to the 
string stability problem and a control algorithm has been 
established for regulating propagation of disturbances through the 
vehicle string. Finally, the effectiveness of the proposed controllers 
for rigid formation and convoy of vehicles are demonstrated. 
Keywords- Kinematic nonholonomic vehicle, front-steering wheel, 
trajectory tracking, formation control, string stability. 

13:50-14:10 WEBT5.2 

Development of an Autonomous Multi-Rotor UAV for Outdoor 
Missions in Unknown Environments 

Tartaglione, Gaetano (Univ. Di Napoli "Parthenope"), Ariola, 
Marco (Univ. Degli Studi Di Napoli Parthenope) 

In this paper we present the development of a multi-rotor system 
for autonomous outdoor flights in an unknown environment. We 
propose a modular framework scheme to perform the functions of 
guidance, navigation and control using the sensor measurements. 
The localization and mapping tasks are performed simultaneously 
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by the guidance module through an Extended Kalman Filter (EKF). 
The estimated map allows the guidance module to plan the 
reference trajectory avoiding the collision by evaluating the 
solutions of a sequence of constrained optimization problems. The 
control module computes the autopilot commands to follow the 
reference trajectory through a robust Model Predictive Control 
technique. The overall system is tested through simulations of 
realist scenarios. 

14:10-14:30 WEBT5.3 

A Comparison between Advanced Model-Free PID and Model-
Based LQI Attitude Control of a Quadcopter Using Asynchronous 
Android Flight Data 

Alsharif, Mohammad (Univ. of Bremen), Arslantas, Yunus Emre 
(Univ. of Bremen), Holzel, Matthew (Univ. of Bremen) 

In this paper, we compare two control techniques for a DJI F450 
quadcopter which is controlled and stabilized by a non-rooted 
onboard Android smartphone, without the aid of an external IMU. 
Specifically, we compare an advanced model-free PID and LQI 
controller. Since Android is not a realtime system, the control 
commands and sensor measurements are subject to significant 
latencies, and hence the PID controller is modified to account for 
non-trivial measurement asynchronicities. We also show that 
some features can be added to the widely used baseline PID to 
obtain better performance in the presence of latencies and noise. 
Finally, we introduce a LQI controller which is capable of 
satisfactorily tracking a reference command in the presence of 
errors, noise, and model uncertainties, and compare the results to 
the PID controller. 

14:30-14:50 WEBT5.4 

Experimental Study on Robust Output Control for Quadcopters 

Tomashevich, Stanislav (IPME RAS, ITMO Univ), Borisov, 
Oleg (ITMO Univ), Gromov, Vladislav (ITMO Univ), Pyrkin, 
Anton (ITMO Univ), Bobtsov, Alexey (ITMO Univ) 

This paper describes an experimental applied study on advanced 
quadcopter control. A special setup is used to conduct a series of 
experiments of roll and pitch motion control. Three robust output 
controllers are verified. One of the controllers is the consecutive 
compensator, the remaining two are its modifications aimed to 
increase precision and reduce overshoot. Experiment 
specifications and comparative analysis of resultant performance 
of transient responses are reported in this paper. 

14:50-15:10 WEBT5.5 

Identification & Control of a Multirotor UAV in the Presence of 
Actuator Asymmetry 

Araar, Oualid (Ec. Militaire Poytechnique, Algiers), Mimouni, 
Mohamed Zakaria (Ec. Militaire Poytechnique, Algiers), Fellah, 
Khaled (Centre De Recherche Et Developpment En 
Aéronautique), Osmani, Hafsa (Ec. Militaire Pol. Algiers) 

Although significant progress has been achieved in multirotor UAV 
control, further improvement can be attained when accurate 
modelling is available. This paper presents a simple yet efficient 
approach for the identification of aerodynamic and inertial 
parameters of a multirotor UAV. The proposed solution is tested 
on one of the most popular platforms among 
researcherstextemdash the F450 quadrotor from DJI. The 
identification technique and the obtained results would benefit not 
only researchers working on control, but also those working on 
simulation and fault detection and isolation problems. Accurate 
identification of the system permits, for instance, considering more 
advanced control techniques such as the backstepping controller 
presented in this paper. We show through the experiments 
conducted that the issue of actuator asymmetry, which has not 
been addressed before, gives rise to serious control problems. 
Adequate solution is proposed to enhance the robustness of the 
classical backstepping controller in the face of such an inevitable 
issue. 

15:10-15:30 WEBT5.6 

Autonomous Guidance Navigation and Control for Agile 
Quadrotors Using Polynomial Trajectory Planning and L1 Adaptive 
Control 

Landolfi, Mattia (Pol. Di Torino), Bandyopadhyay, Saptarshi 

(California Inst. of Tech), de la Croix, Jean-Pierre (Georgia Inst. 
of Tech), Rahmani, Amir (JPL) 

We address the challenge to allow efficient autonomous flight in 
real world environments, both indoor and outdoor. We use a 
straight-line SE-SCP to find an initial route through the 
environment and minimum snap trajectory generation using 
piecewise polynomials. Then, we implement an adaptive robust 
control able to address some robustness issues for quadrotors in 
outdoor flight, such as mass variation and wind disturbances. 
Coupling these techniques we allow high-speed and aggressive 
autonomous flight through obstacle-dense indoor environments, 
as well as address outdoor disturbances. 

 
  

WEBT6 Meeting Room 6 

Modelling and Control (Regular Session) 

Chair: Yano, Ken'ichi Mie Univ 

Co-Chair: Blachuta, Marian Silesian Univ. of Tech 

13:30-13:50 WEBT6.1 

Parametric Identification of a Powered Two-Wheeled Vehicles : 
Algebraic Approach 

FOUKA, Majda Amina Aida (Evry Val D'essonne Univ. 
(UEVE)), Damon, Pierre-Marie (Univ. of Evry Val D'essonne), 
NEHAOUA, LAMRI (IBISC Lab), Arioui, Hichem (IBISC Lab. 
Univ. D'evry), Mammar, Said (Univ. of Evry, IBISC Lab) 

The paper aims to identify model's parameters of powered two-
wheeled vehicles (PTWv) allowing us to simulate and interpret the 
lateral dynamics. The motorcycle motion is identified in order to 
conduct a preliminary study of simulated behavior of the vehicle 
while riding. An algebraic identification method for continuous-time 
linear system is used to obtain an accurate model of the 
motorcycle under the steering inputs persistent condition, vehicle 
dynamics tools are mainly used to simulate the different responses 
and to compare the identified parameters using the BikeSim 
software. The validation of this model is investigated using data 
measurement in order to confirm the accuracy of the parameters 
estimation. 

13:50-14:10 WEBT6.2 

High Performance Single Tank Level Control As an Example for 
Control Teaching 

Blachuta, Marian (Silesian Univ. of Tech), Bieda, Robert 
(Silesian Univ. of Tech), Grygiel, Rafal (Silesian Univ. of Tech) 

A detailed analysis of a PI tank level control is performed with 
respect to both load disturbance attenuation and set-point change. 
Certain performance indices are given providing guidelines for 
achievable accuracy and controller settings. Exact formulas for 
extrema of time responses are derived, which use a novel 
parametrization of system poles. For transfer between equilibria 
under control signal limitations, set-point generators with a feed-
forward from the reference signal are proposed. The effect of an 
anti-windup controller augmentation is examined. A method based 
on solution of the non-linear differential equation describing the 
tank draining is proposed for a tank model identification. Moreover, 
invariance of the control system properties with respect to the 
actual equilibrium is highlighted. 

14:10-14:30 WEBT6.3 

Using the Non-Archimedean Norm in Hybrid Dynamical Systems 
Modeling 

Cistelecan, Mihaela (Tech. Univ. of Cluj-Napoca) 

The paper shows how in non-archimedean normed spaces, the 
two sorts of variables - continuous in time and discrete-valued - of 
a hybrid dynamical system (HDS) may be intertwined into a single 
p-adic variable. Here we consider a HDS consisting only of two 
sub-systems. We show how this can be modeled as a Tate curve. 
A subsequent paper will show how a more general HDS can be 
modeled as a Mumford curve. 

14:30-14:50 WEBT6.4 

Angle of Elbow Joint Control to Exert Maximum Torque in an 
Upper Limb Operation-Assisting Robot 
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Ieki, Yuta (Mie Univ), Itami, Taku (Mie Univ), Yano, Ken'ichi 
(Mie Univ), Kobayashi, Yasuyuki (Luminous Japan Company), 
Yamamoto, Ryo (Luminous Japan Company), Aoki, Takaaki 
(Gifu Univ), Nishimoto, Yutaka (Gifu Univ) 

There are estimated to be approximately 3.5 million disabled 
people in Japan, and about half have a handicapped lower or 
upper limb. Recently, exoskeletons have been receiving attention 
as potential aids for such individuals. They can make up for lost 
body muscle, and support walking and standing-up motions. 
Robots can assist disabled people by using the power of an 
actuator to provide the force needed to support motion. When a 
robot is used for activities of daily living, the operator must wear 
the robot mechanism in order to transfer its weight from the 
operator to the robot or peripheral device (e.g., control device, 
battery, compressor) for operation. Thus, the robot's usage 
environment is limited. We believe that it is important that an 
assistance device that supports necessary motions of daily living 
does not affect other motions of daily living. In the case of the 
disabled and the elderly, often the end motor functions (such as 
limb functions) decline, but the function of the large muscles in the 
medial region remains. In this study, we focused on these groups 
of muscles. We developed a mechanism that translates remaining 
force to operational force in the hand, and designed an 
exoskeleton robot for the developed mechanism. In addition, we 
developed a control system that does not affect the operator's 
motion, but changes the mechanism via the original actuator when 
the operator is not using the robot. We determined the elbow 
angle that can achieve maximum torque by considering the length 
of the arm, the trunk, and the muscle force of the bending elbow 
joint. 

14:50-15:10 WEBT6.5 

Optimization of a Micro-Organisms Culture in a Fedbatch 
Bioreactor Using an Intracellular Model 

Jeanne, Guillaume (CentraleSupélec), Tebbani, Sihem 
(CentraleSupelec), goelzer, Anne (INRA), Fromion, Vincent 
(INRA), Dumur, Didier (CentraleSupelec) 

 The production of biomass by micro-organisms is of great interest 
in more and more industrial fields. Their culture in fedbatch 
bioreactors is largely used and the optimization of the influent flow 
rate is a major challenge to set the micro-organisms in the highest 
performance conditions. 

 Usually, sets of experiments are achieved to compute 
macroscopic models expressing the observed growth as a function 
of the concentrations of glucose, cell density, and any kind of 
external parameters (pH, temperature, etc. ). In contrast, this 
paper relies on an intracellular model of a bacteria, which is used 
to determine the optimal profile of influent flow rate in a fedbatch 
bioreactor to produce as much biomass as possible. Compared to 
macroscopic models, the additional elements of this model better 
describe biological phenomena. The intracellular part of the model 
also provides a clear interpretation of the obtained optimal influent 
profile. 

15:10-15:30 WEBT6.6 

Multi-Objective Identification of Synthetic Circuits Stochastic 
Models Using Flow Cytometry Data 

Boada, Yadira (Univ. Pol. De Valencia), Vignoni, Alejandro 
(Max Planck Inst. of Molecular Cell Biology and Genetics), 
Picó, Jesús (Univ. Pol. De Valencia) 

Synthetic biology use mathematical models of biological circuits to 
predict the behavior of the designed synthetic devices, but also to 
help in the design of the circuit and for the selection of their 
biological components. Estimation of these models parameters 
remains a demanding problem that has been addressed by 
optimization of a weighted combination of different prediction 
errors, thus obtaining only one solution. This single-objective 
approach can be inadequate when trying to incorporate different 
kinds of experiments or to identify parameters for an ensemble of 
biological circuit models and even more when dealing with 
stochastic models and flow cytometry data. Stochasticity in 
biological systems, often referred to as gene expression noise, is 
ubiquitous and needs to be taken into account when modeling a 
biological system. Here we present a methodology based on multi-

objective optimization to perform parameter estimation in 
stochastic models using flow citometry data. It uses a global multi-
objective evolutionary algorithm and a multi-criteria decision 
making strategy to select the most suitable solutions. We obtain 
an approximation to the Pareto set that corresponds to the model 
parameters better fitting the experimental data. Then, the Pareto 
set is clustered according to the different experimental cases, 
allowing to analyze the sensitivity of model parameters. We show 
the methodology applicability through the case study of a genetic 
circuit which controls noisy protein expression in a cell population. 

 
  

WECT1 Meeting Room 1 

Integrating Wireless Sensor Networks in Distributed Control 
Systems (Invited Session) 

Chair: Stoican, Florin Pol. Univ. of Bucharest 

Co-Chair: Caruntu, 
Constantin - Florin 

Gheorghe Asachi Tech. Univ. of 
Iasi 

Organizer: Popescu, Dan Pol. Univ. of Bucharest 

Organizer: Ichim, Loretta Pol. Univ. of Bucharest 

Organizer: Stoican, Florin Pol. Univ. of Bucharest 

16:00-16:20 WECT1.1 

Wireless Vehicle-To-Infrastructure Data Gathering for Robot 
Platooning (I) 

Caruntu, Constantin - Florin (Gheorghe Asachi Tech. Univ. of 
Iasi), Copot, Cosmin (Ghent Univ), Lazar, Corneliu (Gheorghe 
Asachi Tech. Univ. of Iasi) 

This paper presents firstly the development of the infrastructure to 
emulate and verify the behavior of robots in a platooning scenario 
based on mOway mobile robots. Radio Frequency 
communications and how they are handled in both ends are the 
keys in this distributed wireless vehicle-to-infrastructure (V2I) data 
gathering implementation. Secondly, the paper investigates a 
state-space model predictive control strategy for platoon guidance 
using only longitudinal changes for the automatically controlled 
robots. The control strategy was implemented and tested in 
simulation and in real-time, while the data gathered through the 
distributed wireless V2I system was used to monitor the mobile 
robots on-line and afterwards to analyze the behavior of the 
mobile robot platoon. Studying robot platooning and the 
relationship with the communication issues allows one to 
understand the dynamics of the platoon and, therefore, to develop 
a suitable traffic control strategy. 

16:20-16:40 WECT1.2 

Improving Operational Security for Web-Based Distributed Control 
Systems in Wastewater Management (I) 

Chenaru, Oana (Pol. Univ. of Bucharest), Popescu, Dan (Pol. 
Univ. of Bucharest), Enache, Dragos (Pol. Univ. of Bucharest 
Romania), Ichim, Loretta (Pol. Univ. of Bucharest), Stoican, 
Florin (Pol. Univ. of Bucharest) 

Traditional industrial systems have been designed to ne 
intrinsically safe by isolating their monitoring and control network. 
Considering the possible impact of a security attack, many plants 
today still choose to use this method to ensure maximum 
protection. At the same time, a separate trend observed in highly 
distributed applications like water management systems, is to 
centralize more local SCADA sites, into a Regional Control Center 
(RCC). This allows more efficient operation of existing resources 
and even integration with high level applications like water network 
modelling and simulation tools. Typical network include Ethernet 
and GSM communication. In order to benefit most from the 
implementation of plant-wide applications with reduced operating 
costs, increased flexibility and availability we need to address 
correctly the security aspects. This paper presents a methodology 
for improving operational security in a wastewater treatment plant 
and exemplifies its implementation in a specific application. 

16:40-17:00 WECT1.3 

Wireless System for Occupancy Modelling and Prediction in Smart 
Buildings (I) 

Chitu, Claudia (Pol. Univ. of Bucharest), Stamatescu, Grigore 
(Pol. Univ. of Bucharest), Stamatescu, Iulia (Pol. Univ. of 
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Bucharest), Sgarciu, Valentin (Pol. Univ. of Bucharest) 

The dense instrumentation of future smart buildings enables the 
implementation of advanced control techniques which are aimed 
at the dual objectives of energy efficiency/cost savings and 
occupant comfort. One of the essential functions and prerequisite 
consists of robust dynamic occupancy detection and prediction 
which allows improved estimation of active thermal zones and 
internal loads, as compared to static schedule-based approaches. 
The paper presents the design and preliminary evaluation of a 
wireless system for embedded monitoring of occupancy states 
across the thermal zones of the building. The challenges of 
calibration, detection and prediction algorithms are discussed 
along with experimental outcomes. The infrared array sensor 
within the system offers improved detection performance 
compared to conventional PIR sensors while preserving user 
privacy in comparison to image process- ing approaches using 
security cameras. Several advantages of the proposed solution 
are also highlighted such as the low cost, flexibility, scalability and 
integration towards the building-wide automation system. 

17:00-17:20 WECT1.4 

An Approach for Weighted Average Consensus in Event Detection 
(I) 

Dragana, Cristian-Mihai (UPB), Stamatescu, Grigore (Univ. 
”Pol. of Bucharest), Mihai, Viorel (Univ. Pol. of Bucharest), 
Popescu, Dan (Pol. Univ. of Bucharest) 

Large scale monitoring systems require reliable and efficient in-
network information extraction mechanisms able to effectively 
track events at the field level. The study of consensus algorithms 
for distributed data processing has gained a lot of interest in the 
last decade. Average consensus algorithms used for decentralized 
sensor fusion in wireless sensor networks, iteratively compute the 
global average value, in a completely distributed manner through 
local information exchange among neighbors. In the first instance, 
it is mandatory to pursue the reduction of convergence time, for 
energetic reasons, but it is also essential to lead the convergence 
to a reliable value. In this paper we propose a new weighted 
average consensus algorithm, tailored for event detection, where 
each sensor selects its own weights on the basis of some local 
information regarding number of direct neighbouring nodes and 
estimated distances to each neighbour. Various simulations have 
been implemented and analysed from a comparative standpoint. 

17:20-17:40 WECT1.5 

Integrating Wireless Sensors into Cloud Systems for Ambient 
Assisted Living (I) 

Moraru, Sorin-Aurel (Transilvania Univ. of Brasov), Perniu, 
Liviu (Transilvania Univ. of Brasov), Kristaly, Dominic Mircea 
(Transilvania Univ. of Brasov), Ungureanu, Delia (Transilvania 
Univ. of Brasov), Sandu, Florin (Transilvania Univ. of Brasov), 
Mosoi, Adrian A. (Transilvania Univ. of Brasov) 

Our proposal - referring to integrating wireless sensors into cloud 
systems for ambient assisted living - belongs to the “NOAH” (NOt 
Alone at Home) E.U. project, which addresses the theme of 
supporting independent life of older adults living alone, by 
empowering them in daily life activity self-management, by 
providing them with a more effective connection to their supporting 
networks (relatives, friends, caregivers) and by augmenting their 
safety and perception thereof. That is, even when not requiring 
constant care, chances of ageing at home are often jeopardized 
by the fear of being in need of help while unattended or of not 
being able to deal with daily living disparate tasks. The platform is 
in course to be implemented as a solution for mobile computing in 
a cloud computing environment. At the core of the cloud-based 
service, a data analysis module (Behavioral Analysis Module) 
explores the user data space for meaningful behavioral patterns. 
The three pilots designed involve 60 users, in three countries; 
each user will be equipped with the home kit of sensors and will be 
paired to (at least) one caregiving person in his personal 
supporting network. Two macro-types of sensors are involved: 
environmental and personal/wearable. 

 
  
 
 

WECT2 Meeting Room 2 

Game Theory, Biologically Inspired and Complex Systems 
(Regular Session) 

Chair: Papadopoulos, 
Evangelos 

National Tech. Univ. of Athens 

Co-Chair: Stella, Leonardo Univ. of Sheffield 

16:00-16:20 WECT2.1 

New Concerns on Fuzzy Cognitive Maps Equation and Sigmoid 
Function 

Vergini, Eleni (Univ. of Patras), Groumpos, Peter (Univ. of 
Patras) 

Effective decision making is the fundamental factor for the 
appropriate operation of any system. Several methods have been 
developed in recent years, and Fuzzy Cognitive Maps (FCMs) is 
one of them. Basics of FCMs are briefly presented. They have 
been used in a variety of applications with a very good degree of 
success. All these years some of their drawbacks have been 
detected and discussed by several researchers, who are 
searching for ways to improve FCMs performance and broaden 
their implementation area. An effort towards the improvement of 
FCMs response is made, implementing for first time a new 
equation for the calculation of concept values and replacing the 
sigmoid function with Anti Windup control method. Results are 
presented and discussed, and further thoughts leading towards 
new research directions are presented. 

16:20-16:40 WECT2.2 

A Novel Trajectory Planning Method for a Robotic Fish 

Makrodimitris, Michail (National Tech. Univ. of Athens), Nanos, 
Kostas (National Tech. Univ. of Athens), Papadopoulos, 
Evangelos (National Tech. Univ. of Athens) 

Recently, there has been growing interest in biomimetic 
underwater vehicles. Although a lot of research has been 
conducted in the area of dynamics and kinematics of robotic fish, 
most of the approaches solve the inverse problem by finding the 
required force the caudal fin should produce, in order for the 
robotic fish to follow a trajectory. Others use predefined undulatory 
body motions which usually approximate paths of simple planar 
geometrical shapes, such as circles and straight lines. The 
attempts cannot conclude a priori if a robotic fish can actually 
follow the given trajectory. More importantly, they cannot derive 
caudal fin trajectories that will ensure that the fish will follow a 
given planar trajectory. In this paper we present a novel and 
universal methodology for finding how the caudal fin of a robotic 
fish should move, so that the robotic fish follows any planar 
trajectory. Also, we identify the sufficient conditions, which must be 
satisfied to predict a priori, whether the robotic fish is able to follow 
a given trajectory. To the best of the knowledge of the authors, this 
is the first time that such a methodology is presented. Finally, 
experimental results are provided, showing the merits of the 
developed method. 

16:40-17:00 WECT2.3 

Stationary and Initial-Terminal Value Problem for Collective 
Decision Making Via Mean-Field Games 

Stella, Leonardo (Univ. of Sheffield), Bauso, Dario (The Univ. of 
Sheffield) 

Given a large number of homogeneous players that are distributed 
across three possible states, we consider the problem in which 
these players have to control their transition rates, following some 
optimality criteria. The optimal transition rates are based on the 
players' knowledge of their current state and of the distribution of 
all the other players, thus introducing mean-field terms in the 
running and the terminal cost. The first contribution is a mean-field 
model that takes into account the macroscopic and the 
microscopic dynamics. The second contribution is the study of the 
mean-field equilibrium resulting from solving the initial-terminal 
value problem, involving the Kolmogorov equations and the 
Hamilton-Jacobi ODEs. The third contribution is the analysis of a 
stationary equilibrium for the system, which can be obtained in the 
asymptotic limit from the nonstationary equilibrium. We reframe 
our analysis within the context of Lyapunov's linearisation method 
and stability theory of nonlinear systems. 
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17:00-17:20 WECT2.4 

State-Multiplicative Noisy Systems - $H_infty$ Dynamic Output-
Feedback Tracking with Preview 

Gershon, Eli (Holon Inst. of Tech), Shaked, Uri (Tel-Aviv Univ) 

The problem of finite-horizon $H_infty$ output-feedback tracking 
control for linear discrete time-varying systems with stochastic 
state-multiplicative parameter uncertainties is investigated. We 
consider three tracking patterns depending on the nature of the 
reference signal i.e : whether it is perfectly known in advance, 
measured on-line or previewed in a fixed time-interval ahead. The 
stochastic uncertainties appear in both the dynamic and 
measurement matrices of the system. For each of the above three 
cases a solution is found where, given a specific reference signal, 
the controller plays against nature which chooses the initial 
condition and the energy-bounded disturbances. The problems are 
solved based on a specially devised bounded real lemma for 
state-multiplicative systems with tracking signals. The finite-
horizon case is extended to the stationary one where similar 
results are achieved. 

17:20-17:40 WECT2.5 

A Study of the Optimal Measurement Scheme for High-Precision 
Reconstruction of Some Quantum Pure States 

Yang, Jingbei (Univ. of Science and Tech. of China), Cong, 
Shuang (Univ. of Sci. & Tech. of China) 

For the reconstruction of quantum eigenstates or superposition 
states of two different eigenstates (short for 2-superpositon 
states), this paper explores the minimum number of 
measurements and the optimal measurement scheme.In the 
conventional quantum tomography, the number of reconstruction 
of an n-qubit quantum state quires at least O(d*d) measurements 
to reconstruct the density matrix with d*d parameters. However, if 
the rank of the state density matrix r is small enough, i.e. r<<d, 
people can reconstruct the state based on the compressed 
sensing theory, and the number of measurements can reduce to 
O(rdlnd). In this paper, we prove when the quantum state is an 
eigenstate or a 2-superpositon state, the number of 
measurements for high-precision reconstruction can reduce to 
O(n) or O(d+1) . We also propose an optimal measurement 
scheme for arbitrary eigenstate or a 2-superposition state and a 
method of designing the optimal measurement configurations set. 
The scheme proposed is verified by practical nuclear magnetic 
resonance (NMR) experiments. 

 
  

WECT3 Meeting Room 3 

Decentralised Control (Regular Session) 

Chair: Motee, Nader Lehigh Univ 

Co-Chair: Viti, Francesco Univ. of Luxemburg 

16:00-16:20 WECT3.1 

Conditions for Preserving Negative Imaginary Properties in 
Feedback Interconnections and an Application to Multi-Agent 
Systems 

Chen, Hsueh-Ju (Univ. of Manchester), Lanzon, Alexander 
(Univ. of Manchester), Petersen, Ian R. (Australian Defence 
Force Acad) 

We derived necessary and sufficient conditions for a feedback 
interconnection of negative imaginary systems to have negative 
imaginary properties. We first consider two negative imaginary 
systems (or strictly negative imaginary systems) which are 
interconnected via positive feedback. Then necessary and 
sufficient conditions for determining whether the feedback 
interconnection has negative imaginary properties are presented. 
These conditions are specialised to a dc loop gain that is easy to 
check under some assumptions. Together with stability results in 
the literature, these conditions could be applied to check the 
stability of a string of several coupled negative imaginary 
subsystems. Such an example is given to illustrate the usefulness 
of our proposed results. 

16:20-16:40 WECT3.2 

A Local Dynamic Route and Green Time Swapping Control 

Algorithm Maximizing Total Network Capacity 

Viti, Francesco (Univ. of Luxemburg), Rinaldi, Marco (Univ. of 
Luxembourg) 

This paper deals with the traffic signal control problem. More 
specifically it investigates the impact at a network level of simple 
dynamic local traffic control policies. A dynamic route swapping 
rule is adopted to model the behavioral response of the travellers 
to signal changes, while a dynamic signal control swapping rule 
based on an equi-pressure policy is used to implicitly consider the 
flow response within the control updating process. Results on a 
simple network show that the flow responsive control policy 
outperforms pre-timed control, as well as a more conventional 
local control policy based on signal equi-saturation. Numerical 
results show also that the swapping rule based on equi-pressure is 
less susceptible to local optima, to systematically improve total 
network throughput, and to increase its effectiveness with when 
demand increases. 

16:40-17:00 WECT3.3 

Decentralized Observer-Based Control for Interconnected 
Nonlinear Discrete-Time Systems 

BEL HAJ FREJ, GHAZI (Univ. OF LORRAINE), THABET, 
ASSEM (Univ. OF GABES), Boutayeb, M. (Lorraine Univ), 
Aoun, Mohamed (National Engineering School of Gabes, 
Tunisia), Zasadzinski, Michel (Univ. De Lorraine, CRAN, CNRS 
UMR 7039) 

This study concerns the decentralized observer-based control for 
discrete time nonlinear interconnected system. The nonlinear 
interconnection between subsystem is uncertain and the only 
information about these uncertainties is that satisfy quadratic 
constraints. Sufficient conditions ensuring the synthesis of 
observer based feedback controller are established. The quadratic 
constraint is reformulated using the differential mean value 
theorem and the Lyapunov's direct method stability analysis. The 
design approach arises from the solution of linear matrix 
inequalitie (LMI). Simulation results are exploited to show the 
feasibility and the high performances of the proposed method. 

17:00-17:20 WECT3.4 

A Case Study in Distributed Control: Elastically Interconnected 
Seesaw-Cart Systems 

Lobrovic, Mihael (Univ. of Zagreb), Jokic, Andrej (Univ. of 
Zagreb), Milic, Vladimir (Univ. of Zagreb), Zilic, Tihomir (Univ. 
of Zagreb), Jokić, Marko (Univ. of Zagreb), Kasac, Josip (Univ. 
of Zagreb), Domitran, Zoran (Univ. of Zagreb), Crneković, 
Mladen (Faculty of Mechanical Engineering) 

As the main contribution of the paper, we present a network of 
electro-mechanical systems as a suitable platform for education, 
testing and verification of real-life implementation of decentralised 
and distributed control solutions. The overall system (network) 
consists of a set of elastically interconnected seesaw-chart 
systems. Additionally, suitable, control oriented, structured model 
of the system's dynamics is derived and presented. Results of a 
case study in distributed control are presented, together with 
comparison with achievable centralized control behaviour. 

17:20-17:40 WECT3.5 

Row-Column Sparse Linear Quadratic Controller Design Via Bi-
Linear Rank Penalty Technique and Non-Fragility Notion 

Bahavarnia, Mirsaleh (Lehigh Univ), Motee, Nader (Lehigh 
Univ) 

We consider the problem of row-column sparse linear quadratic 
controller (LQC) design. An optimization problem is formulated in 
which the quadratic performance loss is minimized subject to 
satisfaction of m+n sparsity constraints to obtain the row-column 
(r,c)-sparse LQC design where m and n refer to the number of 
inputs and states, respectively and r/c represent the maximum 
allowed density level for each row/column of controller. It is 
expressed that the obtained non-convex optimization problem can 
equivalently be reformulated as a rank-constrained problem with 
m+n+1 rank constraints. After applying the non-fragility notion 
provided by [1] to such a rank-constrained problem, bi-linear rank 
penalty technique is deployed to find a sub-optimal row-column 
(r,c)-sparse LQC design which fulfills the rank constraint with 
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desired tolerance. At last, to verify our proposed algorithm, given a 
randomly generated system, a sub-optimal row-column (r,c)-
sparse LQC design is proposed and subsequently, the 
fundamental trade-off between r/c and quadratic performance loss 
is visualized. 

 
  

WECT4 Meeting Room 4 

Nonlinear Control II (Regular Session) 

Chair: Antsaklis, Panos J. Univ. of Notre Dame 

Co-Chair: Herman, 
Przemyslaw 

Poznan Univ. of Tech 

16:00-16:20 WECT4.1 

Adaptive Trajectory Tracking Controller for Planar Vehicles 

Herman, Przemyslaw (Poznan Univ. of Tech) 

In the paper the problem of trajectory tracking control for planar 
vehicles is considered. The proposed adaptive control algorithm is 
realized using the earth-frame representation. The controller is 
expressed in terms of some generalized velocity components 
(GVCs) arising from the inertia matrix decomposition. The main 
feature of the regulator is that its gain matrix always depends on 
the dynamics of the vehicle. Consequently, the system response is 
fast and the errors convergence can be quickly achieved. The 
stability of the closed-loop system is proved based on the 
Lyapunov's direct method and an adaptive control technique. The 
simulation experiment is performed on a 3 DOF underwater 
vehicle moving horizontally. The results show that the control 
algorithm works correctly the errors convergence to the 
neighborhood of the point zero is ensured. 

16:20-16:40 WECT4.2 

Dissipativity of Finite and Hybrid Automata: An Overview 

Agarwal, Etika (Univ. of Notre Dame), McCourt, Michael J. 
(Univ. of Florida), Antsaklis, Panos J. (Univ. of Notre Dame) 

This paper presents an overview of dissipativity concepts for 
discrete event and hybrid systems modeled as finite and hybrid 
automata respectively. Discrete event systems are event driven 
and lack a continuous time driven state evolution making the 
control analysis challenging. On the other hand, hybrid systems 
are a combination of discrete dynamics, similar to that of discrete 
event systems, and continuous dynamics associated with every 
discrete state. This interaction of heterogeneous dynamics gives 
rise to complex system behavior. The energy-like concept of 
dissipativity appears to provide an attractive analysis and design 
tool for these systems. 

16:40-17:00 WECT4.3 

A Trajectory Tracking Controller for Vehicles Moving at Low Speed 

Herman, Przemyslaw (Poznan Univ. of Tech), Adamski, 
Wojciech (Poznań Univ. of Tech) 

The aim of this work is to provide a control strategy for a class of 
vehicles that is based on transformation of the velocity vector 
expressed in the earth-fixed coordinates. The presented trajectory 
tracking control algorithm can be applied for a class of fully 
actuated vehicles. To this class belong: underwater vehicles, 
indoor airships, and hovercrafts that move at low velocity ( v < 3 
m/s). In the proposed approach the velocity gain matrix is strictly 
related to the system dynamics which allows one to reduce the 
kinetic energy quickly. Stability analysis of the system under the 
control algorithm is done using on the Lyapunov's direct method. 
Simulation results on a 6 DOF full model of indoor airship 
illustrates effectiveness of the method. 

17:00-17:20 WECT4.4 

Using a Nonlinear Model Predictive Control Strategy for the 
Efficient Operation of a Solar-Powered Membrane Distillation 
System 

Gil, Juan Diego (Univ. of Almería), Roca, Lidia (Psa - Ciemat), 
Ruiz-Aguirre, Alba (Plataforma Solar De Almería - CIEMAT), 
Zaragoza, Guillermo (PSA-CIEMAT), GUZMAN, JOSE LUIS 
(Univ. of Almeria), Berenguel, Manuel (Univ. of Almeria) 

This paper presents an optimal operation strategy in terms of 
thermal efficiency and distillate flux production for a Solar 
Membrane Distillation (SMD) system. Firstly, a study of the 
Membrane Distillation (MD) module is presented, revealing the 
optimal operation strategy. Secondly, a hierarchical control system 
with two layers is developed and tested. The upper layer consists 
on a Nonlinear Model Predictive Control (NMPC) scheme which 
allows us to obtain the maximum temperature at the inlet of the 
MD module, by optimizing the use of solar energy. The lower layer 
is composed by a direct control system that is in charge of 
reaching the setpoint calculated by the upper layer. Simulation 
results are shown in order to demonstrate the effectiveness of this 
control approach. 

17:20-17:40 WECT4.5 

Modified Gain Pseudo-Measurement Filter Design for Radar 
Target Tracking with Range Rate Measurement 

Cho, Min-Hyun (Korea Advanced Inst. of Science and Tech), 
Tahk, Min-Jea (KAIST), KIM, Min-Chul (LIG Nex1), Lee, 
Donghui (LIG Nex1), Yoon, Jongsuk (LIGNex1) 

Pseudo-measurement filter is designed to alleviate the bias 
problems of the extended Kalman filter. The filter uses the 
coordinate transformation from radar Cartesian coordinate to line 
of sight Cartesian coordinate using angular measurements. The 
paper extends the conventional pseudo-measurement filter model 
including range, elevation and azimuth information to a model that 
also utilizes range rate measurement. The analytical formulation of 
pseudo-measurement model with range rate is derived, then the 
pseudo-measurement filter is constructed using modified gain 
concept. The modified gain is introduced to reduce the bias 
caused by measurement dependent Kalman gain. To validate the 
performance, the filtering simulation with simple target is 
conducted to check the performance. Monte Carlo simulations are 
carried out to compare the performance of modified gain pseudo-
measurement filter, debiased converted measurement Kalman 
filter and extended Kalman filter. 

 
  

WECT5 Meeting Room 5 

Unmanned Systems II (Regular Session) 

Chair: Tekin, Raziye Tech. Univ. München 

Co-Chair: Wopereis, Han Univ. of Twente 

16:00-16:20 WECT5.1 

Dynamic Visual Sensing Based on MPC Controlled UAVs 

Kanellakis, Christoforos (Luleå Univ. of Tech), Sharif Mansouri, 
Sina (Lulea Univ), Nikolakopoulos, George (Luleå Univ. of 
Tech. Sweden) 

This article considers the establishment of a dynamic visual 
sensor from monocular cameras to enable a reconfigurable 
environmental perception. The cameras are mounted on Micro 
Aerial Vehicles (MAV) which are coordinated by a Model 
Predictive Control (MPC) scheme to retain overlapping field of 
views and form a global sensor with varying baseline. The specific 
merits of the proposed scheme are: a) the ability to form a 
configurable stereo rig, according to the application needs, and b) 
the simple design, the reduction of the payload and the 
corresponding cost. Moreover, the proposed configurable sensor 
provides a glpobal 3D reconstruction of the surrounding area, 
based on a modified Structure from Motion approach. The 
efficiency of the suggested flexible visual sensor is demonstrated 
in simulation results that highlight the novel concept of cooperative 
flying cameras and their 3D reconstruction capabilities. 

16:20-16:40 WECT5.2 

Dynamics and Control of an Unmanned Aerial Vehicle Employing 
a Delta-Manipulator 

Gkountas, Konstantinos (Univ. of Patras), Ntekoumes, 
Georgios (Univ. of Patras), Tzes, Anthony (Univ. of Patras) 

The development of a dynamic model for control purposes of an 
Unmanned Aerial Vehicle (UAV) carrying a delta-manipulator for 
force exertion is the subject of this article. The floating base of the 
manipulator due to its attachment to the UAV dictates the need to 
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account for the transfer of the reaction force and torque vector 
from the manipulator's base to the UAV, and in a reverse manner, 
the transfer of the translational and angular velocity and 
acceleration vector from the UAV to the manipulator. The nature of 
the closed-kinematic chain of the delta-manipulator necessitates 
its dynamics approximation by three single Degree of Freedom 
arms which are kinematically-constrained thru its moving platform. 
The controller for the arm relies on a computed-torque framework, 
while the UAV's PD-controller accounts for the instantaneous 
displacement of the manipulator's center-of-gravity with respect to 
its aerodynamic point of pressure. Gazebo-based simulation 
studies are provided to demonstrate the effectiveness of the 
suggested control scheme. 

16:40-17:00 WECT5.3 

Quartic Range Shaping for Impact Time Control 

Tekin, Raziye (Tech. Univ. München), Erer, Koray (Roketsan 
Missiles Inc), Holzapfel, Florian (Tech. Univ. München) 

A guidance problem with the impact time constraint is considered 
under nonlinear kinematics. The guidance design makes the range 
to the stationary target behave as a quartic polynomial in time. The 
analytical availability of the polynomial coefficients provides a 
feasible basis. Additionally, another important feature of the 
proposed impact time guidance law is that it does not rely on a 
time to go estimate. The guidance law is expressed as a 
combination of the rates of the look and line-of-sight angles. Two 
alternative forms of implementation, one with constant coefficients 
and one with a varying coefficient, are presented. The 
performance of the proposed method is demonstrated in a 
comparative simulation study that involves energy optimal 
trajectories. In addition, a salvo attack scenario is presented with 
autopilot lag and an even more realistic case utilizing a range 
observer is illustrated 

17:00-17:20 WECT5.4 

On the Covering of a Polygonal Region with Fixed Size 
Rectangles with an Application towards Aerial Inspection 

Sharif Mansouri, Sina (Lulea Univ), Georgoulas, George (Luleå 
Univ. of Tech), Gustafsson, Thomas (Luleå Univ. of Tech), 
Nikolakopoulos, George (Luleå Univ. of Tech. Sweden) 

Unmanned Aerial Vehicles (UAVs) equipped with remote visual 
sensing can be used in wide range of applications. However, 
guaranteeing the full coverage of the area and translating this 
coverage in a path planning problem, it is a quite challenging task. 
Thus, in this article a well-known and well-investigated family of 
hard optimization problems, covering a polygonal region (target 
area) with fixed size rectangles (camera frustrum), is studied. The 
problem is formulated mathematically and solved using 
metaheuristic optimization algorithms. The proposed novel 
algorithmic scheme requires an a priori 2D model of the target 
area, while it tries to maximize the coverage with a minimum 
number of fixed size rectangles. Finally, multiple simulation results 
are presented that prove the efficacy of the proposed scheme. 

17:20-17:40 WECT5.5 

Propeller Thrust Identification and Calibration for High-Precision 
Control of a Quadrotor Unmanned Aerial Vehicle 

Konrad, Thomas (RWTH Aachen Univ), Engelhardt, Thomas 
(RWTH Aachen Univ), Abel, Dirk (RWTH Aachen Univ) 

Quadrotors are becoming a major platform for both industrial and 
research activities, increasing the requirements for precise and 
dynamic control. Best control can be achieved by directly 
controlling the individual rotor thrust forces, which, during flight, 
can only be estimated. An identification of the thrust generation 
mechanism, and subsequent exploitation of this relation in the 
quadrotor's command chain is therefore crucial. In this work, the 
relationship between a given angular velocity command and actual 
thrust of each individual rotor is modeled as a Wiener model, 
consisting of a linear dynamic first-order plus time delay element 
and a static nonlinear second order polynomial. Parameters are 
identified experimentally using a propeller thrust scale and 
measurements of the true rotor speed. In addition, an in-flight 
calibration procedure is proposed for compensation of varying 
system and environment parameters. The command structure is 
then implemented on a quadrotor employed with a flatness-based 

controller, and indoor flights in a tracking cell show a low mean 
error of 0.2 m/s^2 between commanded and true acceleration. The 
simplicity and accuracy of this approach motivates the application 
to quadrotors with all kinds of controllers to increase their 
performance during dynamic maneuvers. 
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Technical Program for Thursday July 6, 2017 

  

THAT1 Meeting Room 1 

Aerospace Control II (Regular Session) 

Chair: Rekleitis, Georgios National Tech. Univ. of Athens 

Co-Chair: Henninger, Helen 
Clare 

INRIA Sophia Antipolis 

09:00-09:20 THAT1.1 

A Semi-Analytic Approach to Spacecraft Attitude Guidance 

Henninger, Helen Clare (INRIA Sophia Antipolis), Biggs, James 
Douglas (Univ. of Strathclyde) 

Attitude slew motions for spacecraft are usually undertaken using 
feedback control where only the desired final attitude is stated. In 
this paper attitude guidance is considered which could be used, in 
addition to feedback control, to enhance the efficiency of slew 
motions by pre-planning time-dependent attitude motions. This is 
achieved using a three-step method in which the angular velocities 
are expressed as analytic functions in terms of free parameters 
(on the virtual time domain), and the boundary conditions on the 
rotation are matched using a shooting method based on a 
discretized form of Rodrigue's formula. Following this, the virtual 
time is reparametrized. This is applied to design a rest-to-rest two-
impulse slew manoeuver and a slew motion using only two 
reaction wheels. 

09:20-09:40 THAT1.2 

Review and Feasibility of Active Attitude Control and Detumbling 
for the UoMBSat-1 PocketQube Pico-Satellite 

Baldacchino, Denise (Univ. of Malta), Debattista, Darren (Univ. 
of Malta), Rotin, Ramses (Univ. of Malta), Cachia, Darren 
(Univ. of Malta), Azzopardi, Marc Anthony (Univ. of Malta), 
Fabri, Simon G. (Univ. of Malta), Bugeja, Marvin K. (Univ. of 
Malta) 

The CubeSat form factor was very successful at reducing 
development and launch costs for spacecraft. The PocketQube 
(PQ) - one eighth the size of a CubeSat – aims to further reduce 
these costs. However, the question remains on whether it is 
feasible to implement a fully-featured satellite within the far tighter 
constraints imposed by a PQ. This paper explores the implications 
of including a 3-axis attitude determination and control system with 
provisions for desaturation and detumbling within the confines of a 
PQ. The hardware technology available is outlined and the 
applicable control laws and techniques are reviewed. This paper 
presents the approach that is actually being adopted in the 
development of the UoMBSat-1 picosatellite at the University of 
Malta. 

09:40-10:00 THAT1.3 

Impedance Control Design for On-Orbit Docking Using an 
Analytical and Experimental Approach 

Mitros, Zisos (National Tech. Univ. of Athens), Rekleitis, 
Georgios (National Tech. Univ. of Athens), Patsiaouras, Ilias 
(National Tech. Univ. of Athens), Papadopoulos, Evangelos 
(National Tech. Univ. of Athens) 

An important phase in On-Orbit servicing missions is robotic 
docking. Successful docking is subject to a number of parameters 
and conditions. In this work, the robotic impact docking between 
two space systems is considered. The docking of a robotic Chaser 
to a Target spacecraft is modeled using a multibody approach. 
The impedance properties required for an impedance controller 
that will ensure adequate probe-drogue contact time for docking 
are computed and are related with their mechanical counterparts. 
This time is derived analytically employing a mechanical 
equivalent system, and validated experimentally on a planar zero 
gravity emulator facility, allowing the selection of impedance 
parameters for successful docking. 

10:00-10:20 THAT1.4 

Application of Decaying Boundary Layer and Switching Function 
Method Thorough Error Feedback for Sliding Mode Control on 
Spacecraft's Attitude 

Bin Hassan Basri, Hassrizal (The Univ. of Sheffield), Rossiter, 

J. Anthony (Univ. of Sheffield) 

Effective operation of small spacecraft implies processors with low 
cost, energy efficiency and low computational burdens while 
retaining accurate output tracking. This paper presents the 
extension of work in [1] on eliminating the chattering for Sliding 
Mode Control (SMC) using a decaying boundary layer design 
which is able to achieve these small spacecraft operation needs. 
The extension is applied on a spacecraft's attitude control, while 
orbiting the earth with angular velocity, ω0. In SMC, chattering is a 
main drawback as it can cause wear and tear to moving 
mechanical parts. Earlier work on a decaying boundary layer 
design was capable of reducing the chattering phenomena for a 
limited time only and hence this paper proposes a novel decaying 
boundary layer and switching function to improve the earlier 
version. The proposed technique is shown to reduce chattering 
permanently and also retain control output accuracy. 

10:20-10:40 THAT1.5 

Stage Optimization of Multi-Stage Anti-Air Missile Using Co-
Evolutionary Augmented Lagrangian Method 

Hong, Seong-Min (Korea Advanced Inst. of Science and Tech), 
Tahk, Min-Jea (KAIST) 

This paper deals with a stage optimization problem of multi-stage 
missile. The missile covered in the study is three-stage missile, of 
which the first and second stages have propulsion system and the 
third stage is a kill vehicle to intercept a target. An evolutionary 
based optimization algorithm is used to optimize the propulsion 
stage weights of the missile. To deal with a trajectory optimization 
problem simultaneously, linear tangent law and proportional 
navigation guidance law are implemented to the optimization 
algorithm. Subsystem parameters, such as thrust, specific 
impulse, body diameter, and aerodynamic coefficients are 
considered as design requirements, so they are given in advance. 
The goal of the problem is to minimize the total system weight for 
cost savings. In order to verify the result from the evolutionary 
algorithm, optimization results via a pseudo-spectral method are 
compared. At the same time, the limit of gradient-based search 
method is discussed. 

 
  

THAT2 Meeting Room 2 

Robust Control II (Regular Session) 

Chair: Galeani, Sergio Univ. Di Roma Tor Vergata 

Co-Chair: Mercieca, Julian Univ. of Sheffield 

09:00-09:20 THAT2.1 

Data Driven, Robust Output Regulation Via External Models 

de Carolis, Giovanni (Univ. Tor Vegata), Galeani, Sergio (Univ. 
Di Roma Tor Vergata), Sassano, Mario (Univ. of Rome, Tor 
Vergata) 

In this paper, we propose an external model based, data-driven 
approach to robust output regulation. No a priori knowledge of the 
plant and the exosystem is required, apart from their state 
dimension and an upper bound on the exosystem frequencies. 
The core of the method lies in an error-feedback reset logic for the 
state of the external model. 

09:20-09:40 THAT2.2 

Robust Tracking Control of Quadrotor UAV under Perturbation 

FETHALLA, NURADEEN (École De Tech. Supérieure), Saad, 
Maarouf (Ec. De Tech. Superieure), Michalska, Hannah H. 
(McGill Univ), Ghommam, Jawhar (ENIS) 

This paper presents a design of a robust tra- cking controller for a 
quadrotor UAV. A sliding mode control (SMC) is employed in 
which the unmatched perturbations and uncertainties are 
estimated by a nonlinear disturbance observer (NDO). The NDO is 
employed to estimate the effect of wind perturbations and 
unknown aerodynamical forces. Several sliding surfaces are 
designed to explicitly depend on the estimate of the perturbation. 
Global asymptotic tracking of the desired position and yaw angle 
of the quadrotor is achieved in closed loop where the controller 
gains are selected to satisfy conditions that follow from stability 
analysis of the system. The proposed method has two important 
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properties. First, the chattering phenomenon is considerably 
attenuated by selecting the switching gains to exceed the bound 
on the disturbance estimation error rather than a prior bound for 
the disturbance. Second, the nominal performance of the 
introduced method is close to the performance of a traditional 
sliding mode controller in the absence of disturbances. The 
system performance exhibits much better robustness than the 
conventional SMC method without the nonlinear disturbance 
observer. 

09:40-10:00 THAT2.3 

Robust Stabilization of Linear Plants under Uncertainties and 
High-Frequency Measurement Noises 

Nekhoroshikh, Artem (ITMO Univ), Furtat, Igor (Russian Acad. 
of Sciences) 

The paper describes the robust algorithm for linear time-invariant 
plants under parametric uncertainties, external disturbances and 
high-frequency noises in measurements. The proposed algorithm 
allows one to reduce the noise impact on the output variable of the 
plant and to compensate parametric uncertainties and external 
disturbances independently. The modeling results illustrate the 
effectiveness of the algorithm. 

10:00-10:20 THAT2.4 

Parameter Space Approach for Large Scale Systems 

Pyta, Lorenz (RWTH Aachen Univ), Schrödel, Frank (IAV 
GmbH), Abel, Dirk (RWTH Aachen Univ) 

The computational costs of the parameter space approach, which 
is used to calculate the stability boundaries for linear time-invariant 
systems (LTI), increase fast with the dimension of the investigated 
system. In this paper, the authors present a successive 
approximation of the stability boundaries for large scale systems. 
The approximation provides a fast and accurate estimation of the 
stability boundaries. Furthermore, the approximation converges to 
the stability boundaries of the large scale system and points, that 
are not stable, are never classified as stable during approximation. 
Thus, the new method enables the applicability of the parameter 
space approach to large scale systems by greatly reducing the 
computational costs. 

10:20-10:40 THAT2.5 

H-Infinity Observer-Based-Controller for Fractional-Order Time-
Varying-Delay Systems 

BOUKAL, Yassine (Univ. De Lorraine, CRAN CNRS UMR 
7039,), Darouach, Mohamed (CRAN CNRS UMR 7039, Univ. 
De Lorraine), Zasadzinski, Michel (Univ. De Lorraine, CRAN, 
CNRS UMR 7039), Radhy, Nour-Eddine (Lab. Physique Et 
Matériaux Microélectonique, Automatique) 

This paper investigates the Hinfinity Observer-Based Controller 
(Hinfinity-OBC) for Disturbed Fractional-Order Systems with Time-
Varying-Delay (D-FOS-TVD). First, the existence conditions for 
Hinfinity-OBC are given. Then, based on the diffusive 
representation of the fractional-order derivative and the indirect 
Lyapunov approach proposed by Trigeassou et al. in 2011, a new 
sufficient condition is obtained and presented as a convex 
optimization problem with a Linear Matrix Inequality (LMI) 
constraint to ensure the stability of the estimation errors and the 
stabilization of the D-FOS-TVD simultaneously. All observer 
matrices gains and control laws can be computed by solving the 
given LMI subject to a constraint. 

 
  

THAT3 Meeting Room 3 

Control and Automation (Regular Session) 

Chair: Sharif Mansouri, Sina Lulea Univ 

Co-Chair: Moura Oliveira, 
Paulo 

Univ. De Tras Os Montes E Alto 
Douro 

09:00-09:20 THAT3.1 

A Student-Friendly Approach in Teaching/Learning Theoretical 
Concepts in Automation 

Soares, Filomena (Univ. of Minho), Leao, Celina P (Univ. of 
Minho), Moura Oliveira, Paulo (Univ. De Tras Os Montes E Alto 

Douro) 

This paper presents some teaching strategies applied in a 
curricular unit of the 3rd year of the Integrated Master of 
Engineering and Industrial Management at the University of 
Minho. The goal was to teach theoretical concepts associated to 
automation topics. The practical aspects as designing an 
automated machine or developing the corresponding Ladder Logic 
diagram is often well accepted by students. On the other hand, 
topics related to instrumentation, sensor type and functioning for 
example, more theoretical, are usually less attractive to students. 
So, different tools have been developed and tested along the past 
years to overcome this concern. This paper presents the last 
experience tested: evaluating a previously developed APP 
Inventor tool (developed by students) as wondering if it is a 
suitable way to learn automation; an automation conquest, where 
the competition may promote the stimulus to learn. 

09:20-09:40 THAT3.2 

Swarm-Based Auto-Tuning of PID Posicast Control for Uncertain 
Systems 

Barbosa, Oliveira, Josenalde (Agricultural School of Jundiaí), 
Moura Oliveira, Paulo (Univ. De Tras Os Montes E Alto Douro), 
Pinho, Tatiana M. (UTAD and INESC TEC), Cunha, José 
Boaventura (Univ. De Trás-Os-Montes E Alto Douro) 

Posicast feedback control systems are very sensitive to model 
uncertainty. This paper proposes the use of Particle Swarm 
Optimization (PSO) to auto-tune two-degrees of freedom control 
systems. The system considers as a pre-filter a half-cycle Posicast 
command shaper and a PID controller in the feedback loop. A 
model reference technique is proposed to track differences among 
model and system to be controlled, feeding a decision block which 
will trigger an auto-tuning optimization mechanism. Preliminary 
simulation results are presented showing the proposed technique 
effectiveness to deal with prescribed plant uncertainties. 

09:40-10:00 THAT3.3 

Position Observer for Salient PMSM with Measured Speed 

Bazylev, Dmitry (ITMO Univ), Pyrkin, Anton (ITMO Univ), 
Bobtsov, Alexey (ITMO Univ), Ortega, Romeo (Supelec) 

This paper addresses the problem of position estimation for salient 
permanent magnet synchronous motors (PMSMs). It is assumed 
that stator currents and voltages and rotor speed are measurable 
signals. Two extensions of the position observer are presented - 
the first one is based on a standard gradient estimator and the 
second observer uses recently proposed the dynamic regression 
extension and mixing (DREM) procedure for adaptive estimation of 
parameters. Both position observers provide global boundness of 
all signals. In contrast to standard gradient approach which 
requires persistent excitation (PE) condition of the regressor, 
DREM estimator ensures parameter convergence if the regressor 
is not square-integrable. If the regressor is PE the DREM-based 
observer (like the one with gradient estimator) ensures exponential 
convergence of position error to zero value. Simulation results 
demonstrate higher open loop performance of the position 
observer with DREM estimator - its transient behaviour is less 
oscillatory with a faster convergence rate compared to observer 
with gradient algorithm. Also simulations show that both observers 
possess some robust properties with respect to parameter 
uncertainty of the motor. 

10:00-10:20 THAT3.4 

Humanoid Robot Walking on Track Using Computer Vision 

Bazylev, Dmitry (ITMO Univ), Popchenko, Filipp (ITMO Univ), 
Ibraev, Denis (ITMO Univ), Zimenko, Konstantin (ITMO Univ), 
Kremlev, Artem (ITMO Univ) 

This paper is addressed to a problem of humanoid robot 
locomotion with the use of computer vision. The robot is 20 DoF 
Darwin OP equipped with video camera in its head and has built-in 
PC. To determine the desired path we use the algorithm of video 
processing based on image filtration within threshold values in 
HSV color model. Developed control system includes tracking 
system for the head with camera and speed PD-controllers for 
robot motion. To verify system performance we use a side video 
camera mounted under track and process its data in the similar 
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way. Filtered data from the side camera allows to measure 
position error between the robot and desired path. Experiments 
are held for three different trajectories (curve in the form of 
butterfly, circle and square) and show the efficiency of the 
proposed solution. 

10:20-10:40 THAT3.5 

Reduced Complexity Calibration of MEMS IMUs 

Fresk, Emil (Luleå Univ. of Tech), Sharif Mansouri, Sina (Lulea 
Univ), Kanellakis, Christoforos (Luleå Univ. of Tech), Halén, 
Erik (Luleå Univ. of Tech), Nikolakopoulos, George (Luleå Univ. 
of Tech. Sweden) 

In this paper a reduced complexity calibration method for MEMS 
IMU will be presented, which does not need the rotating reference 
tables which are commonly used in gyroscope calibration. In this 
work fixed angle rotations have been utilized to observe the 
integral of the gyroscope signals to find the corresponding 
sensitivity, axis misalignment and acceleration sensitivity matrices, 
this has the significant merit of high norm accuracy, ease of use, 
low cost and ease of construction, allowing anyone with basic 
electronics knowledge to calibrate an IMU. 

 
  

THAT4 Meeting Room 4 

Signal Processing and Automation (Regular Session) 

Chair: Nguyen, Hoai-Nam IFP 

Co-Chair: Theilliol, Didier Univ. of Lorraine 

09:00-09:20 THAT4.1 

Determination of Stator Temperature for Thermal Protection in a 
Permanent Magnet Synchronous Machine 

Mocanu, Razvan (Tech. Univ. ”Gh. Asachi” of Iasi), Onea, 
Alexandru (Gheorghe Asachi Tech. Univ. of Iasi) 

This paper presents an on-line method for determining the hottest 
spot temperature of the copper windings of a Permanent Magnet 
Synchronous Machine (PMSM). The purpose is to protect the 
Electrical Machine (EM) from high temperatures which reduces the 
lifetime of the machine and can eventually lead to insulation faults 
of the motor. The method relies on experimental data acquired 
from a network of thermocouples placed around the stator 
windings of an actual PMSM. A mathematical model is proposed 
and the parameters are derived from the measurement data. 
Finally, the temperature of the hottest spot is determined on-line 
based on a single, fixed, temperature sensor placed in an 
accessible area of the stator (It is assumed that this is not the 
hottest temperature spot) and on the operating point of the PMSM. 
The data is combined in a Particle Filter (PF). The described 
method can be used with minor changes to any type of EM. The 
algorithm is executed in an offline environment with experimental 
data from a real motor-load test bench. 

09:20-09:40 THAT4.2 

Fault Diagnosis and Prognosis by Using Input-Output Hidden 
Markov Models Applied to a Diesel Generator 

Klingelschmidt, Timothée (Univ. De Lorraine), Weber, Philippe 
(Univ. De Lorraine), SIMON, Christophe (CRAN, Nancy Univ. 
CNRS), Peysson, Flavien (PREDICT), Theilliol, Didier (Univ. of 
Lorraine) 

In this paper, a method to implement a platform of failure 
diagnosis and prognosis, and health monitoring based on data 
using Input Output Hidden Markov Models (IOHMM) is proposed. 
Several sensors on a diesel generator system give information 
such as on-line operating conditions. The goal of this work is to 
use on-line collected data in order to determine degradation state 
of the diesel generator system. Classification of data thanks to 
IOHMM allows the monitoring of the component health state and 
operates fault diagnosis and prognosis. 

09:40-10:00 THAT4.3 

Product Quality Prediction Using Alarm Data : Application to the 
Semiconductor Manufacturing Process 

MELHEM, Mariam (Aix-Marseille Univ), Ananou, Bouchra 
(LSIS), Ouladsine, Mustapha (Univ. D'aix Marseille III), combal, 

Michel (ST-Microelectronics), PINATON, JACQUES 
(STMicroelectronics) 

In the complex manufacturing processes, high quantity of products 
might be rejected. This can be due to the no detected failures. To 
evaluate the processing of manufacturing steps, alarms are setting 
off to indicate failures. However, industrial plant operators often 
receive many more alarms than they can manage, which include 
correlation. A poor alarm system may cause nuisance alarms and 
thus alarm floods, which reduces the ability of operators to take 
actions. This paper aims to identify unnecessary alarms within a 
large amount of event data. We prove the equivalence between 
similarity approaches in case of sparse binary data. The second 
purpose of this paper is the product quality prediction based on 
historical alarm events by using a regularized regression method. 
To demonstrate the effectiveness of these tools and their utility in 
the product quality prediction, we present an industrial case study 
based on alarm and scrap data collected from a semiconductor 
manufacturing process. Application results show the practicality 
and utility of the proposed methodology for both alarm 
management and product quality prediction. 

10:00-10:20 THAT4.4 

Recursive Blind Equalization for the Bounded Noise Case under 
Different Modulations 

MOUSSA, ALI (ENSICAEN), Pouliquen, Mathieu (Univ. of 
Caen), FRIKEL, Miloud (Ensicaen, Greyc Umr 6072), BEDOUI, 
Saïda (Gabes Univ. National Engineering School of Gabes), 
Kamel, Abderrahim (National School of Engineers of Gabes), 
M'Saad, Mohammed (ENSICAEN) 

In this paper, the blind equalization problem in presence of 
bounded noise with different modulations (QAM, PSK and ASK) is 
addressed. A first blind equalization algorithm is reminded, then an 
extension is proposed. Few synthesis parameters have to be fixed 
by the user in the proposed approach. In order to illustrate the 
efficiency of the proposed algorithm, we compare with another well 
known existing technique. Simulation results prove the good 
performance of the proposed algorithm. 

10:20-10:40 THAT4.5 

On Process Noise Covariance Estimation 

Nguyen, Hoai-Nam (IFP), GUILLEMIN, Fabrice (Control, Signal 
and System Department, IFP Energies Nouvelles) 

This paper proposes a method for estimating the process noise 
covariance matrix, using multiple Kalman filters. The basic idea is 
to employ the difference between the expected prediction error 
covariance, calculated in the Kalman filters, and the measured 
prediction error covariance. The required estimate of the process 
noise covariance is obtained by solving a least squares problem. 
One simulated example is used to illustrate the main benefits of 
the proposed method 

 
  

THAT5 Meeting Room 5 

Data-Driven Integrated Process Control in Industry 4.0 (Invited 
Session) 

Chair: Herceg, Domagoj IMT School for Advanced 
Studies Lucca 

Co-Chair: Naik, Vihangkumar IMT School for Advanced 
Studies Lucca 

Organizer: Miguel, Castaño 
Arranz 

Luleå Univ. of Tech 

Organizer: Sopasakis, 
Pantelis 

KU Leuven 

Organizer: Nikolakopoulos, 
George 

Luleå Univ. of Tech. Sweden 

Organizer: Georgoulas, 
George 

Luleå Univ. of Tech 

Organizer: Bemporad, 
Alberto 

IMT Inst. for Advanced Studies 
Lucca 

09:00-09:20 THAT5.1 

Regularized Moving-Horizon Piecewise Affine Regression Using 
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Mixed-Integer Quadratic Programming (I) 

Naik, Vihangkumar (IMT School for Advanced Studies Lucca), 
Mejari, Manas (IMT Inst. of Advanced Studies, Lucca), Piga, 
Dario (IMT Inst. for Advanced Studies Lucca), Bemporad, 
Alberto (IMT Inst. for Advanced Studies Lucca) 

This paper presents a novel two-stage regularized moving-horizon 
algorithm for PieceWise Affine (PWA) regression. At the first 
stage, the training samples are processed iteratively, and a Mixed-
Integer Quadratic-Programming (MIQP) problem is solved to find 
the sequence of active modes and the model parameters which 
best match the training data, within a relatively short time window 
in the past. According to a moving-horizon strategy, only the last 
element of the optimal sequence of active modes is kept, and the 
next sample is processed by shifting forward the estimation 
horizon. A regularization term on the model parameters is included 
in the cost of the formulated MIQP problem, to partly take into 
account also the past training data outside the considered time 
horizon. At the second stage, linear multi-category discrimination 
techniques are used to compute a polyhedral partition of the 
regressor space based on the estimated sequence of active 
modes. 

09:20-09:40 THAT5.2 

On Control Structure Design for a Walking Beam Furnace (I) 

Jafari, Hedyeh (Lulea Univ. of Tech), Miguel, Castaño Arranz 
(Luleå Univ. of Tech), Gustafsson, Thomas (Luleå Univ. of 
Tech), Nikolakopoulos, George (Luleå Univ. of Tech. Sweden) 

The aim of this article is to introduce a novel sparse controller 
design for the temperature control of an experimental walking 
beam furnace in steel industry. Adequate tracking of temperature 
references is essential for the quality of the heated slabs. 
However, the design of the temperature control is hindered by the 
multivariable (non-square) dynamic behavior of the furnace. These 
dynamics include significant loop interactions and time delays. 
Furthermore, a novel data-driven model, based on real life 
experimental data that relies on a subspace state representation in 
a closed loop approach is introduced. In the sequel, the derived 
model is utilized to investigate the controller's structure. By 
applying the relative gain array approach a decentralized feedback 
controller is designed. However, in spite of the optimal and sparse 
design of the controller, there exists interaction between loops. By 
analyzing the interaction between the inputs-outputs with the 
$Sigma_2$ Gramian-based interaction methodology, a decoupled 
multi-variable controller is implied. The simulation result, based on 
the experimental modeling of the furnace, shows that the controller 
can successfully decrease the interaction between the loops and 
track the reference temperature set-points. 

09:40-10:00 THAT5.3 

Data-Driven Modelling, Learning and Stochastic Predictive Control 
for the Steel Industry (I) 

Herceg, Domagoj (IMT School for Advanced Studies Lucca), 
Georgoulas, George (Luleå Univ. of Tech), Sopasakis, Pantelis 
(KU Leuven), Miguel, Castaño Arranz (Luleå Univ. of Tech), 
Patrinos, Panagiotis (KU Leuven), Bemporad, Alberto (IMT 
Inst. for Advanced Studies Lucca), Niemi, Jan (Swerea 
MEFOS), Nikolakopoulos, George (Luleå Univ. of Tech. 
Sweden) 

The steel industry involves energy-intensive processes such as 
combustion processes whose accurate modelling via first 
principles is both challenging and unlikely to lead to accurate 
models let alone cast time-varying dynamics and describe the 
inevitable wear and tear. In this paper we address the main 
objective which is the reduction of energy consumption and 
emissions along with the enhancement of the autonomy of the 
controlled process by online modelling and uncertainty-aware 
predictive control. We propose a risk-sensitive model selection 
procedure which makes use of the modern theory of risk 
measures and obtain dynamical models using process data from 
our experimental setting: a walking beam furnace at Swerea 
MEFOS. We use a scenario-based model predictive controller to 
track given temperature references at the three heating zones of 
the furnace and we train a classifier which predicts possible drops 
in the excess of Oxygen in each heating zone below acceptable 
levels. This information is then used to recalibrate the controller in 

order to maintain a high quality of combustion, therefore, higher 
thermal efficiency and lower emissions. 

10:00-10:20 THAT5.4 

Online Automatic and Robust Control Configuration Selection (I) 

Miguel, Castaño Arranz (Luleå Univ. of Tech), Birk, Wolfgang 
(Luleå Univ. of Tech) 

This paper presents a complete method for automatic and robust 
control configuration selection for linear systems which relies upon 
acquired process data under gaussian noise excitation. 

The selection of the configuration is based on the estimation of the 
Interaction Measure named Participation Matrix. This estimation is 
derived with uncertainty bounds, which allows to determine online 
whether the uncertainty is sufficiently low to derive a robust 
decision on the control configuration to be used or if the 
uncertainty should be reduced by e.g. prolonging the experiment 
to obtain more data. 

10:20-10:40 THAT5.5 

Cloud Computing for Big Data Analytics in the Process Control 
Industry (I) 

Ephraim, Goldin (GSTAT), Dan, Feldman (GSTAT), 
Georgoulas, George (Luleå Univ. of Tech), Miguel, Castaño 
Arranz (Luleå Univ. of Tech), Nikolakopoulos, George (Luleå 
Univ. of Tech. Sweden) 

The aim of this article is to present an example of a novel cloud 
computing infrastructure for big data analytics in the Process 
Control Industry. Latest innovations in the field of Process 
Analyzer Techniques (PAT), big data and wireless technologies 
have created a new environment in which almost all stages of the 
industrial process can be recorded and utilized, not only for safety, 
but also for real time optimization. Based on analysis of historical 
sensor data, machine learning based optimization models can be 
developed and deployed in real time closed control loops. 
However, still the local implementation of those systems requires a 
huge investment in hardware and software, as a direct result of the 
big data nature of sensors data being recorded continuously. The 
current technological advancements in cloud computing for big 
data processing, open new opportunities for the industry, while 
acting as an enabler for a significant reduction in costs, making the 
technology available to plants of all sizes. The main contribution of 
this article stems from the presentation for a fist time ever of a pilot 
cloud based architecture for the application of a data driven 
modeling and optimal control configuration for the field of Process 
Control. As it will be presented, these developments have been 
carried in close relationship with the process industry and pave a 
way for a generalized application of the cloud based approaches, 
towards the future of Industry 4.0. 

 
  

THAT6 Meeting Room 6 

Mechatronic Systems (Regular Session) 

Chair: Guerin, François Univ. Le Havre 

Co-Chair: Deliparaschos, 
Kyriakos 

Cyprus Univ. of Tech. (CUT), 
Trinity Coll. Dublin (TCD) 

09:00-09:20 THAT6.1 

On the Issue of LQG Embedded Control Realization in a Maglev 
System 

Deliparaschos, Kyriakos (Cyprus Univ. of Tech. (CUT), Trinity 
Coll. Dublin), Zolotas, Argyrios (Univ. of Lincoln), Michail, 
Konstantinos (SignalGenerix) 

Sensor selection in control design receives substantial interest in 
the last few years. We disseminate work on Field Programmable 
Gate Array (FPGA)-based embedded software platform validating 
a systematic sensor selection framework and target efficient FPGA 
resource allocation. Sensor selection combines multi-objective 
optimization, Linear-Quadratic-Gaussian (LQG) control, applied to 
a Maglev suspension. The nonlinear Maglev model is realized on 
software platform forming a Hardware-in-the-loop (HIL) as an 
economic and reliable validation platform for the design setup. The 
LQG controller was modeled in fixed point, described in Verilog 
Hardware Description Language (HDL) and tied up with an 
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ethernet core to form an FPGA-in-the-loop system prior to logic 
synthesis and FPGA place and route. The results illustrate efficient 
FPGA resource allocation level pertinent to extending to a core 
sensor fault tolerant scheme. 

09:20-09:40 THAT6.2 

Autonomous and Sustained Perching of Multirotor Platforms on 
Smooth Surfaces 

Wopereis, Han (Univ. of Twente), Ellery, Dennis (Univ. of 
Twente), Post, Tjark Harrie (Univ. of Twente), Stramigioli, 
Stefano (Univ. of Twente), Fumagalli, Matteo (Aalborg Univ) 

Due to their high dexterity and maneuverability, multirotors 
represent a huge potential for the use in surveillance and crowd-
monitoring applications. Unfortunately, one of the main issues of 
this class of UAVs is their high power consumption, which severely 
limits their operating time. This yields their application in many 
surveillance applications impractical as these often imply 
prolonged missions. Prior steps were made to increase the 
operating time by the design of an aerial manipulator that enables 
these multirotors to perch onto smooth surfaces, allowing to 
disable the rotors, thereby circumventing the problem of limited 
flight time. This method, based on passive vacuum cups, 
demonstrated to be effective but lacks any form of automation or 
failure prevention. This work extends the previous work by 
automating the perching procedure and by implementing methods 
to prevent failure. Experiments have validated the approach, 
demonstrating the capability of the system to remain airborne for 
over 45 minutes, while only running the rotors for less than 3 
minutes in that time period. 

09:40-10:00 THAT6.3 

Inverse Kinematic Control of an Industrial Robot Used in Vessel-
To-Vessel Motion Compensation 

Tørdal, Sondre Sanden (Univ. of Agder), Hovland, Geir (Univ. 
of Agder) 

An increased level of complex offshore load handling operations is 
expected due to an increased amount of floating wind turbines, 
remote fish farms, and autonomous shipping, and in general more 
advanced operations to be carried out at sea. A common problem 
for these applications is that both equipment and personnel have 
to be transported between two floating vessels at sea. An 
investigation of the Vessel-to-Vessel Motion Compensation 
(VVMC) problem may increase the efficiency and safety of such 
operations in the future. In this paper, a control algorithm has been 
developed and experimentally tested in the Norwegian Motion 
Laboratory featuring two Stewart platforms (SPs), an industrial 
robot, two Motion Reference Units (MRUs), and a Maritime 
Broadband Radio (MBR) used to establish a real-time wireless 
communication link. The resulting overall compensation error is 
measured to be no more than 41.9 mm during the experiments. 

10:00-10:20 THAT6.4 

Hybrid Bond Graph Modelling of Multi-Source System for Green 
Hydrogen Production 

ABDALLAH, Ibrahim (Univ. Lille, UMR 9189 - CRIStAL), Gehin, 
Anne-Lise (LAGIS), Ould Bouamama, Belkacem (Pol. Lille) 

This paper proposes a Bond Graph (BG) model of a multi-source 
system (Wind Turbine (WT) and Solar Photovoltaic Panels (PV)) 
used to produce hydrogen from the water electrolysis. BG, as an 
unified and multidisciplinary tool, is a well suited tool for 
representing multi-physic dynamical systems based on power 
exchange. In this work, the approach is adapted for the Hybrid 
Renewable Energy Systems (HRES) by defining new appropriate 
BG elements to the per-existent library, these new elements allow 
covering wide class of the HRES systems sharing common 
structural characteristics. A simulator is built from the BG model of 
the multi-source system. It allows testing different operating 
modes according to weather conditions, user needs and safety 
measures. 

10:20-10:40 THAT6.5 

Novel Considerations on the Negative Pressure Adhesion of 
Electric Ducted Fans: An Experimental Study 

Brusell, Angelica (Luleå Univ. of Tech), Andrikopoulos, George 
(Luleå Univ. of Tech), Nikolakopoulos, George (Luleå Univ. of 

Tech. Sweden) 

In this article, the potential of utilizing an Electric Ducted Fan 
(EDF) as an adhesion actuator is investigated in detail, where an 
experimental setup is implemented for evaluating the EDF's ability 
to adhere to a test surface through negative pressure generation. 
Different design variables and modifications to the original EDF 
structure are tested, while their impact on the adhesion efficiency 
is experimentally evaluated. The presented investigation acts as a 
preliminary study to the goal of incorporating the resulting 
optimized negative pressure-based actuation method in a wall-
climbing robot for inspection of aircraft fuselages. 

10:40-11:00 THAT6.6 

Algorithm for Parallel Microparts Manipulation with Electrostatic 
Fields 

Sarantoglou, George (Univ. of Patras), Kritikou, Georgia (Univ. 
of Patras), Aspragathos, Nikos (Univ. of Patras), Tzes, Anthony 
(Univ. of Patras) 

A microparts manipulation application is presented. A PCB 
platform and plastic microparts with rectangular embedded 
conductive electrodes are designed. The electrostatic forces 
applied by the platform electrodes are calculated with F.E.M. 
analysis and the dynamic model of the microparts motion is used 
for the simulation of the motion. The proposed activation 
algorithms of the platform electrodes are described in detail. 
Moreover, the parallel motion of two microparts is implemented, 
based on a path planning algorithm which is introduced for 
collision avoidance between the couple of microparts and with the 
obstacles combined with the mode of activation. The results of the 
proposed approach are presented and discussed. 
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