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Welcome message from the NOC chairs 
 

Welcome to the DYCOPS-CAB 2016 symposium and welcome to Trondheim! 
Trondheim is a university city and with more than 30 thousand students its overall population is 

about 200 thousand. Trondheim was officially founded in 997 by the Viking King Olav Tryggvason, 

whose statue you can see on top of the pillar in the city center, but Trondheim is even more famous 

for another Olav. 

This is Olav “the holy” Haraldson who in 1030 was killed in a battle north of Trondheim in his struggle 

to christen Norway. He was buried in Trondheim (then known as Nidaros) and was soon declared as a 

Saint by the church. The most famous attraction in Trondheim is the Nidaros Cathedral, which was 

raised in his honor. Construction started in 1070, but it has been under continuous rebuilding since. 

Although not a large cathedral in a European setting, it is the largest in Scandinavia, and was at its 

time an enormous achievement for Norway.  

The Mayor of the city of Trondheim is happy to invite all participants to an organ concert in 

Nidarosdomen at 1830 on Monday. 

The second most well-known building in Trondheim is probably the NTNU main building which looks 

down on the cathedral.  The Norwegian University of Science and Technology (NTNU) is after some 

recent mergers the largest university in Norway with about 40 000 students, and it is the only 

university in Norway with a full engineering school.  

On the NTNU campus, you will also find SINTEF, originally founded by NTNU Professors, which by 

now, with more than 2000 employees, is one of Europe’s largest independent research organizations. 

The process control groups at NTNU and SINTEF work together in a “Gemini center” called PROST, 

and PROST is the main sponsor for the DYCOPS-CAB symposium.  

Trondheim is also well known for the river Nidelven. It comes from the Selbu lake nearby, so it is a 

short river, but per km river this is the best salmon river in Norway! The conference dinner on 

Tuesday will be at the Royal Garden Hotel, which has a nice location just next to the river.  

We hope you all have a great time in Trondheim! 

 

Sigurd Skogestad (NOC chair)    Lars Imsland (NOC co-chair) 
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Welcome message from the IPC chairs 
 

On behalf of the International Programming Committee, we would like to welcome you to the 

DYCOPS-CAB 2016 symposium. This is the first time that DYCOPS and CAB are offered together as 

one single event. 

The DYCOPS symposia have a long history initiated in 1986 under the name DYCORD (Dynamics and 

Control of Chemical Reactors, Distillation Columns and Batch Processes) in Bournemouth (UK) and 

renamed into DYCOPS in 1998 during the fifth edition in Corfu (Greece). DYCOPS 2016 will be the 

eleventh edition. CAB originated from a series of events that started 40 years ago in Dijon, France 

with the aim of stimulating contacts between specialists active in academic research and industrial 

development in all areas of biotechnology.  

Following a rigorous reviewing process, the International Program Committee selected 205 papers 

for presentation. The program consists of 25 regular sessions, 7 invited sessions, 1 poster session, 8 

keynote lectures (of which 4 are invited keynotes and 4 were selected from the contributions), and 3 

plenary sessions. Following the tradition of previous conferences, each morning begins with a 

plenary talk. The regular and invited sessions are split into four parallel tracks, one in the morning 

and two sessions in the afternoon. Poster presentations take place on Monday afternoon. The 

program is complemented by two very interesting preconference workshops that take place on 

Sunday, June 5th. 

We wish you a very enjoyable stay in Trondheim and a productive conference. 

 

Hector Budman (IPC chair)    Ilse Smets (IPC co-chair) 

   
 

  



Practical information 
 

The workshops on Sunday take place at the conference venue (see Program at a Glance). Also the 

welcoming reception, at 1800, is held at the same place. 

Monday at 1830 there will be the Mayor’s concert in Nidarosdomen (Nidaros Cathedral, see map 

below, larger at last page), held especially for the conference. The concert is open for all conference 

participants (and their spouse/guest). 

The conference dinner is Tuesday 1900 at Radisson Blu Royal Garden Hotel (see map). The dinner is 

included for both regular and student registrations. 

For traveling between the city center (hotels, Nidarosdomen, conference dinner) and the conference 

venue, there are the following options: 

 Walking to the conference venue from the city center is about 20 min. Nidarosdomen is 10-

15 min. from the conference venue. 

 City busses run frequently between the city center and the conference venue at NTNU 

Gløshaugen. All southbound buses takes you close to the venue, most convenient is perhaps 

route no. 5 (Dragvoll) and no. 22, and departing at "Gløshaugen nord" (see map last page). 

Bus fare is NOK 50 for a single trip if you pay by cash onboard. Cheaper options are the 72 

hour card or the disposable card that can be bought in several retail stores (see 

https://www.atb.no/fares/category1497.html). 

 Taxi fare from the city center to the conference venue at Gløshaugen is NOK 100-150. 

 

  



 
 

Program at a Glance 



 

DYCOPS-CAB 2016 Technical Program Sunday June 5, 2016    

Track T1 Track T2   

08:00-08:30 SuWReg 
 

Workshop Registration 

  

08:30-12:30 SuAT1 
 

Nonlinear State and Parameter Estimation without Tears AM 

08:30-12:30 SuAT2 
 

Open 

  

12:30-13:30 SuLunch_Break 
 

Lunch 

  

13:30-17:30 SuBT1 

 

Nonlinear State and Parameter Estimation without Tears PM 

13:30-17:30 SuBT2 

 

Making Model-Based Optimizing Control an Industrial Reality – Results from the 

MOBOCON Project 

  

17:30-18:00 SuCReg 
 

Registration 

  

18:00-19:00 SuRecepion 

 

Welcoming Reception  

  



 

DYCOPS-CAB 2016 Technical Program Monday June 6, 2016    

Track 1 Track 2 Track 3 Track 4   

08:00-08:45 MoRG 
 

Registration 

  

08:45-09:00 MoOC 
Room T1 

Opening Ceremony 

  

09:00-09:55 MoPL 
Room T1 

Plenary I Manfred Morari: "Process Control and Beyond" 

  

          

10:00-10:30 MoAM_Coffee_Break 
 

Coffee Break 

  

10:30-12:10 MoA1 
Room T3 

Performance and Fault Monitoring I 

10:30-12:10 MoA2 
Room T1 

Advances in Predictive Control 

10:30-12:10 MoA3 
Room T4 

Control and Optimization of Batch Processes 

10:30-12:10 MoA4 
Room T2 

Bioreactor Process Observers and 
Optimization 

  

  

  

  

  

12:10-13:00 MoLunch_Break 
 

Lunch Break 

  

13:00-14:00 MoB1 

Room T2 

Process Optimization and Plantwide Control 
I 

13:00-14:00 MoB2 

Room T1 

Model Based Control I 

13:00-14:00 MoB3 

Room T4 

Control Applications in Chromatographic 
Separation Processes 

13:00-14:00 MoB4 

Room T3 

Control Applications I 

  

  

  

14:05-14:35 MoC1 
Room T2 

Short oral presentations of posters: 

Computer Applications in Biology and 

Biotechnology 

14:05-14:35 MoC2 
Room T1 

Short oral presentations of posters: 

Model Based Control 

14:05-14:35 MoC3 
Room T3 

Short oral presentations of posters: 

Modelling and System Identification 

14:05-14:35 MoC4 
Room T4 

Short oral presentations of posters: 

Control Applications/Fault Detection 

  

14:35-15:50 MoPM_Coffee_Break 

 

Display of Posters 

  

15:50-17:30 MoD1 
Room T1 

Process Optimization and Plantwide Control 

II 

15:50-17:30 MoD2 
Room T3 

Micro and Nanotechnology Applications 

15:50-17:30 MoD3 
Room T2 

Modeling of Biological Systems 

15:50-17:30 MoD4 
Room T4 

Inferential Sensing, State Estimation and 

Sensor Development I 

  

  

  

  

  

          

18:30-20:30 MoConcert 
 

Concert in Nidarosdomen 

  



 

DYCOPS-CAB 2016 Technical Program Tuesday June 7, 2016    

Track 1 Track 2 Track 3 Track 4   

08:00-08:15 TuRG 
 

Registration 

  

08:15-09:10 TuPL 
Room T1 

Plenary II Krister Forsman: "Implementation of Advanced Control in the Process Industry without the Use of MPC"  

  

          

09:15-09:45 TuK1N1 

Room T1 

Keynote III Heiko Peterson: “Control Loop Performance Monitoring – ABB’s Experience 
Over Two Decades”  

09:15-09:45 TuK1N2 

Room T2 

Keynote I Gabriele Pannocchia: “Parsimonious Cooperative Distributed MPC for Tracking 

Piece-Wise Constant Setpoints”  

  

09:45-10:15 TuK2N1 

Room T1 

Keynote II Manabu Kano: “Vinyl Acetate Monomer (VAM) Plant Model : A New 
Benchmark Problem for Control and Operation Study”  

09:45-10:15 TuK2N2 

Room T2 

Keynote IV Miguel Mauricio-Iglesias: “Operation of an Innovative WWTP with 
Environmental Objectives. A Model-Based Analysis” 

  

10:15-10:30 TuAM_Coffee_Break 
 

Coffee Break   

  

10:30-12:10 TuA1 

Room T1 

Industrial Control Applications 

10:30-12:10 TuA2 

Room T3 

Model Based Control II 

10:30-12:10 TuA3 

Room T2 

Bioreactor Process Monitoring and Modeling 

10:30-12:10 TuA4 

Room T4 

Application of PSE Tools to CO2 Capture, 
Utilization and Storage 

  

  

  

  

  

12:10-13:00 TuLunch_Break 

 

Lunch Break 

  

13:00-15:00 TuB1 
Room T1 

Process Planning and Scheduling 

13:00-15:00 TuB2 
Room T4 

Performance and Fault Monitoring II 

13:00-15:00 TuB3 
Room T3 

Plantwide Control and Distillation 

13:00-15:00 TuB4 
Room T2 

Modeling and Control Techniques for 

Artificial Pancreas Systems 

  

  

  

  

  

  

15:00-15:30 TuPM_Coffee_Break 
 

Coffee Break 

  

15:30-17:30 TuC1 

Room T2 

Optimization in Systems Biotechnology and 

Systems Medicine 

15:30-17:30 TuC2 

Room T1 

Energy and Power Systems 

15:30-17:30 TuC3 

Room T4 

Modelling and System Identification I 

15:30-17:30 TuC4 

Room T3 

Control Applications II 

  

  

  

  

  

  

          

19:00-22:00 TuDinner 

 

Conference Dinner, Radisson Blu Royal Garden Hotel 

  



 

DYCOPS-CAB 2016 Technical Program Wednesday June 8, 2016    

Track 1 Track 2 Track 3 Track 4   

08:00-08:15 WeRG 
 

Registration 

  

08:15-09:10 WePL 
Room T1 

Plenary III Vassily Hatzimanikatis: "Analysis and Design of Metabolic Networks under Uncertainty"  

  

          

09:15-09:45 WeK1N1 

Room T1 

Keynote VI B. Erik Ydstie: “Stability of Multi-Phase Systems Evolving on an Equilibrium 

Manifold”  

09:15-09:45 WeK1N2 

Room T2 

Keynote V Radhakrishnan Mahadevan: “A Multi-Scale Model of the Whole Human Body 

Based on Dynamic Parsimonious Flux Balance Analysis”  

  

09:45-10:15 WeK2N1 

Room T1 

Keynote VII Andrea Cortinovis: “Dynamic Time to Surge Computation for Electric Driven 
Gas Compressors During Voltage Dips” 

09:45-10:15 WeK2N2 

Room T2 

Keynote VIII Alexander Schaum: “Pointwise Innovation-based State Observation of 
Exothermic Tubular Reactors” 

  

10:15-10:30 WeAM_Coffee_Break 
 

Coffee Break  

  

10:30-12:10 WeA1 

Room T1 

Model Based Control III 

10:30-12:10 WeA2 

Room T4 

Modelling and System Identification II 

10:30-12:10 WeA3 

Room T3 

Performance and Fault Monitoring III 

10:30-12:10 WeA4 

Room T2 

Modeling and Control of Microalgae 
Processes 

  

  

  

  

  

12:10-13:00 WeLunch_Break 

 

Lunch Break 

  

13:00-15:00 WeB1 
Room T1 

Model Based Control IV 

13:00-15:00 WeB2 
Room T2 

Modelling and System Identification III 

13:00-15:00 WeB3 
Room T3 

Modeling, Optimization and Control in 

Biological Waste/water Treatment 

13:00-15:00 WeB4 
Room T4 

Inferential Sensing, State Estimation and 

Sensor Development II 

  

  

  

  

  

  

15:00-15:30 WePM_Coffee_1 
Room T1 

Closing Ceremony  

  

 



Workshops Sunday 05 June 
 

Workshop 1: Nonlinear State and Parameter Estimation without Tears (AM+PM) 
 

Organizers:  

 R. Bhushan Gopaluni, Associate Professor, Department of Chemical and Biological 

Engineering (University of British Columbia, Canada)  

 Sachin C. Patwardhan, Professor, Department of Chemical Engineering (Indian Institute of 

Technology Mumbai, India)  

 Lorenz T. Biegler, Professor, Department of Chemical Engineering (Carnegie Mellon 

University, USA)  

 Aditya Tulsyan, Postdoctoral Associate, Department of Chemical Engineering (Massachusetts 

Institute of Technology, USA)  

 

 

Workshop 2: Making model-based optimizing control an industrial reality – Results 

from the MOBOCON project (PM) 
 

Organizers:  

 Radoslav Paulen, Sebastian Engell (Process Dynamics and Operations Group, Technische 

Universität Dortmund, Dortmund, Germany)  

 Andreas Potschka, Hans Georg Bock (Interdisciplinary Center for Scientific Computing, 

Heidelberg, Germany) 

  



Plenary Monday 

Manfred Morari 

Process Control and Beyond 

Abstract: Reflecting on our work over the last 40 years I found that it was dominated by two themes: 

Computation and Uncertainty. I will describe how the rapidly increasing computational resources 

have affected our approaches to deal with uncertainty in feedback control. The talk will be illustrated 

by examples from process control and other application areas like automotive and power systems. 

Bio: Manfred Morari was head of the Department of Information 

Technology and Electrical Engineering at ETH Zurich from 2009 to 

2012 and head of the Automatic Control Laboratory from 1994 to 

2008. Before that he was the McCollum-Corcoran Professor of 

Chemical Engineering and Executive Officer for Control and 

Dynamical Systems at the California Institute of Technology. From 

1977 to 1983 he was on the faculty of the University of Wisconsin. 

He obtained the diploma from ETH Zurich and the Ph.D. from the 

University of Minnesota, both in chemical engineering. 

His interests are in hybrid systems and the control of biomedical 

systems. Morari’s research is internationally recognized. The 

analysis techniques and software developed in his group are used 

in universities and industry throughout the world. He has received 

numerous awards, including the Eckman Award, Ragazzini Award 

and Bellman Control Heritage Award from the American Automatic Control Council; the Colburn 

Award, Professional Progress Award and CAST Division Award from the American Institute of 

Chemical Engineers; the Control Systems Technical Field Award and the Bode Lecture Prize from IEEE. 

He is a Fellow of IEEE, AIChE and IFAC. In 1993 he was elected to the U.S. National Academy of 

Engineering, in 2015 to the UK Royal Academy of Engineering. Manfred Morari served on the 

technical advisory boards of several major corporations. 

  



Plenary Tuesday 

Krister Forsman 

Implementation of Advanced Control in the Process Industry 

without the Use of MPC 
Abstract: In the process industry, such as chemical, pulp and paper or petrochemical industry there 

are plenty of processes that require multivariable control. Classical control structures that handle 

this, for example cascade control, feedforward, ratio control, and parallel control have been used at 

least since the 1930s. Today, much focus in academia is on model predictive control (MPC). In this 

paper we discuss the comparative advantages and disadvantages of classical control structures and 

MPC. 

Bio: Krister Forsman has more than 20 years of practical 

experience from automatic control, industrial IT and 

Manufacturing Execution Systems in process industry, 

primarily the chemical and pulp and paper industries. He 

received his PhD in mathematical control theory in 1991, 

from Linköping University, Sweden. After ten years in 

various positions within the ABB group, he ran his own 

consulting company for a few years. In 2005 he joined the 

Perstorp group as a Corporate Specialist. Krister has worked 

with around 60 different plants in some 20 countries. He has 

authored some 50 articles and conference papers in process 

control and related areas, and a textbook in practical 

process control. Since 2012 he is also an adjunct professor at 

the Department of Chemical Engineering at the Norwegian 

University of Science and Technology (NTNU). His main research interests are control structures for 

industrial applications and plantwide control. 

  



Plenary Wednesday 

Vassily Hatzimanikatis 

Analysis and Design of Metabolic Networks under Uncertainty 

Abstract: Metabolic engineering and synthetic biology involve the design and retrofitting of genome-

scale metabolic networks through the manipulation of enzyme activities. Efficient design requires the 

use of mathematical models that account for the reaction mechanisms of the enzymes, and their 

thermodynamic and kinetic properties. We present the recent developments of a workflow for the 

development of genome-scale kinetic models of metabolic networks. The workflow is called ORACLE 

(Optimization and Risk Analysis of Complex Living Entities) and it accounts for the uncertainty and 

incompleteness of the available experimental information used in model development and 

parametrization.  

ORACLE addresses the following fundamental problem: 

Given: 

(a) a set of observed conditions of cellular physiology, 

(b) a genome-scale stoichiometric model of metabolism, 

(c) a (partial) flux profile in this network associated with the physiological conditions, and 

(d) a (partial) profile of metabolite concentrations 

find 

a family of nonlinear kinetic models and the associated distribution of the kinetic parameters 

that are consisistent with the information above. 

The availability of kinetic models of metabolic networks allows the development and application of 

methods from optimization, dynamics and control of process systems approaches for analysis and 

design. We will demonstrate the application of ORACLE for the design and optimization of the 

production of industrial chemicals by E. coli and S. cerevisiae.  

Bio: Dr. Vassily Hatzimanikatis is currently Associate Professor of 

Chemical Engineering and Bioengineering at Ecole Polytechnique 

Federale de Lausanne (EPFL), in Lausanne, Switzerland. Vassily 

received a PhD and an MS in Chemical Engineering from the California 

Institute of Technology, and his Diploma in Chemical Engineering 

from the University of Patras, in Greece. After the completion of his 

doctoral studies, he held a research group leader position at the Swiss 

Federal Institute of Technology in Zurich (ETHZ), Switzerland. Prior to 

joining EPFL, Vassily has been assistant professor at Northwestern 

University, at Illinois, USA, and he worked for three years in DuPont 

and Cargill. 

Vassily is associate editor of the journals Metabolic Engineering, 

Biotechnology & Bioengineering and Integrative Biology, and Senior Editor of Biotechnology Journal. 

He has published over 90 articles and he is co-inventor in three patents and patent applications. 

Vassily is a fellow of the American Institute for Medical and Biological Engineering (2010), he was a 

DuPont Young Professor (2001-2004), and he has also received the Jay Bailey Young Investigator 

Award in Metabolic Engineering (2000), the ACS Elmar Gaden Award (2011), and the Metabolic 

Engineering Award from the International Society of Metabolic Engineering (2014).  





Keynotes Wednesday 
 

 Wednesday 0915-0945 Room T2 

A Multi-Scale Model of the Whole Human Body Based on 

Dynamic Parsimonious Flux Balance Analysis 

Masood Khaksar Toroghi, Univ. of Toronto 

William Cluett, Univ. of Toronto 

Radhakrishnan Mahadevan, Univ. of Toronto 

 
 
 

Wednesday 0915-0945, Room T1 

Stability of Multi-Phase Systems Evolving on an Equilibrium 
Manifold 
B. Erik Ydstie, Professor of Chemical Engineering, Carnegie Mellon, USA 
 
 
 
 
 

 
 

Wednesday 0945-1015, Room T1 

Dynamic Time to Surge Computation for Electric Driven Gas 
Compressors During Voltage Dips 
Andrea Cortinovis, ABB Switzerland Ltd. 

Mehmet Mercangöz, ABB Switzerland Ltd. 

Tor Olav Stava, GASSCO AS 

Sture Van de Moortel, ABB Switzerland Ltd. 

Erling Lunde, Statoil ASA 

 

 

Wednesday 0945-1015, Room T2 

Pointwise Innovation-based State Observation of 

Exothermic Tubular Reactors 
Alexander Schaum, Christian-Albrechts Univ. zu Kiel 

Jesus Alvarez, Univ. Autonoma Metropolitana 

Thomas Meurer, Christian-Albrechts-Univ. zu Kiel 

Jaime A. Moreno, Univ. Nacional Autonoma de Mexico-UNAM 

 

  









overcomes some of the limitations exhibited by the existing 
methods. The effectiveness of the proposed algorithm is 
elucidated for a benchmark energy integration problem wherein 
the achieved external utility consumption is close to the theoretical 
minimum value. 

11:30-11:50 MoA3.4 

On the Use of Shape Constraints for State Estimation in 
Reaction Systems, pp. 73-78 

Srinivasan, Sriniketh EPFL 

Dhurvas, Darsha Kumar Indian Inst. of Tech. Madras 

Billeter, Julien EPFL 

Narasimhan, Shankar Indian Inst. of Tech. Madras 

Bonvin, Dominique EPFL 

State estimation techniques are used for improving the quality of 
measured signals and for reconstructing unmeasured quantities. 
In chemical reaction systems, nonlinear estimators are often used 
to improve the quality of estimated concentrations. These 
nonlinear estimators, which include the extended Kalman filter, the 
receding-horizon nonlinear Kalman filter and the moving-horizon 
estimator, use a state-space representation in terms of 
concentrations. An alternative to the representation of chemical 
reaction systems in terms of concentrations consists in 
representing these systems in terms of extents. This paper 
formulates the state estimation problem in terms of extents, which 
allows imposing additional shape constraints on the sign, 
monotonicity and concavity/convexity properties of extents. The 
addition of shape constraints often leads to significantly improved 
state estimates. A simulated example illustrates the formulation of 
the state estimation problem in terms of concentrations and 
extents, and the use of shape constraints. 

11:50-12:10 MoA3.5 

NCO-Tracking with Changing Set of Active Constraints 
Using Multiple Solution Models, pp. 79-84 

Ebrahim, Taher Sabry 
ElSayed Gomaa 

TU Dortmund 

Hernandez, Reinaldo TU Dortmund 

Subramanian, 
Sankaranarayanan 

TU Dortmund 

Kalliski, Marc TU Dortmund 

Kraemer, Stefan INEOS Koeln 

Engell, Sebastian TU Dortmund 

Measurement-based optimization schemes can be used to 
counteract the efect of uncertainty and to drive the process to 
optimality. Necessary Conditions of Optimality 
Tracking(NCO-tracking) is a promising scheme which uses the 
process measurements to update the inputs directly. The limiting 
assumption for the application of the NCO-tracking scheme is that 
the set of active constraints does not change from its nominal 
value under the influence of the uncertainties. This paper presents 
a scheme that extends the NCO-tracking approach to handle 
parametric uncertainties that change the set of active constraints. 
Several solution structures are implemented to cover the whole 
range of the uncertain parameters. Based on the identifcation of 
the region of the uncertain parameters, the correct solution model 
is determined and applied to the process. The applicability of the 
methodology is shown for the benchmark Williams-Otto 
semi-batch reactor. 

 
  

MoA4 Room T2 

Bioreactor Process Observers and Optimization (Regular 
Session) 

Chair: Perrier, Michel Ec. Pol 

Co-Chair: Bogaerts, Philippe Univ. Libre De Bruxelles 

10:30-10:50 MoA4.1 

Cascade Observer Design for a Class of Nonlinear 
Uncertain Systems - Application to Bioreactor, pp. 85-90 

Hernandez-Gonzalez, Omar Unicaen Cenidet 

Ménard, Tomas Univ. De Caen 

Targui, Boubekeur Ucbn Greyc Auto Umr 6072, 
Cnrs 

Farza, Mondher Univ. De Caen, ENSICAEN 

M'Saad, Mohammed GREYC 

Astorga Zaragoza, Carlos 
Manuel 

Centro Nacional De 
Investigación Y Desarrollo 

Tecnológico 

The present work proposes a state observer with a cascade 
structure for a class of nonlinear systems in the presence of 
uncertainties in the state equations and an arbitrarily long delay in 
the output. The first system in the cascade allows to estimate the 
delayed state while each of the remaining systems is a predictor. 
Each predictor estimates the state of the preceding one with a 
prediction horizon equal to a fraction of the time delay in such a 
way that the state of the last predictor is an estimate of the system 
actual state. The design of the observer is achieved by assuming 
a set of conditions under which the ultimate boundedness of the 
estimation error is established. It is in particular shown that in the 
absence of uncertainties, the observation error converges 
exponentially to zero. In the presence of uncertainties, the 
asymptotic observation error remains in a ball which radius 
depends on the delay magnitude and can be decreased by 
appropriately choosing the cascade length and the observer 
design parameters. The performance of the proposed observer 
and its main properties are highlighted through a typical bioreactor 
model. 

11:10-11:30 MoA4.3 

Multi-Objective Optimal Control Study of Fed-Batch 
Bio-Reactor, pp. 91-96 

Padhiyar, Nitin Indian Inst. of Tech. 
Gandhinagar 

Patel, Narendra Vishwakarma Government 
Engineering Coll. Chandkheda 

Evolutionary Algorithms have been successfully applied for offline 
optimal control problems of fed-batch bio-reactors. In such 
problems, productivity-yield maximization is carried out by 
optimizing the transient feed recipe. However, this is usually done 
for a fixed fed-batch time. The optimum batch time can be 
computed by solving single objective optimal control problems 
multiple times with different fed-batch times. Since this approach is 
quite computationally expensive, we in this work formulate a 
multi-objective optimization(MOO) problem to find the minimum 
fed-batch time along with maximizing productivity-yield. Such an 
MOO approach will result in saving significant computational effort. 
A single parameter based fast mesh sorting with multi objective 
differential evolution is used in this work for solving MOO 
problems. We have considered a case study of optimal control of 
fed-batch reactor for secreted protein production with volume 
constraint in this work. 

11:30-11:50 MoA4.4 

Smooth Extremum-Seeking Control for Fed-Batch 
Processes, pp. 97-102 

Jamilis, Martín LEICI Inst. La Plata Nationa 

Garelli, Fabricio Univ. of La Plata 

De Battista, Hernán Fundacion Facultad De 
Ingenieria 

Many biotechnological processes have optimal substrate 
concentrations where a maximum growth rate is achieved. In this 
work an extremum seeking controller and a gradient estimator are 
proposed to maximize the growth rate in fed-batch bioprocesses 
even when the substrate to growth rate map is unknown. Both the 
controller and estimator are obtained with high order sliding mode 
algorithms. Stability proofs are given, and tools to tune the 
algorithms in terms of bounds of the hessian of the map are 
derived. Simulation results that illustrate the performance of the 
controller are shown. 

11:50-12:10 MoA4.5 

Greedy Extremum Seeking Control with Applications to 
Biochemical Processes, pp. 103-108 









Model Development for Phosphate Recovery from Acidic 
Wastewater, pp. 212-217 

Sbarciog, Mihaela Univ. of Mons 

Vande Wouwer, Alain Univ. of Mons 

This paper presents an original model for calcium phosphate 
crystallization from acidic wastewater. The model is developed 
using classical principles of chemistry and population balance 
modeling. The aim is to further use the model for analysis, control 
and optimization of the crystallization process for phosphate 
recovery. The proposed model consists of one population balance 
equation coupled with four mass balance equations and a set of 
algebraic equations, which can be easily integrated with Matlab 
and MatMOL toolbox. The model is validated against PHREEQC, 
a software for speciation and geochemical calculations. 

14:05-14:35 MoC1.6 

Optimization of a Microalgae Growth Process in 
Photobioreactors, pp. 218-223 

Ifrim, George Adrian Dunarea De Jos Univ 

Titica, Mariana Univ. of Nantes 

Barbu, Marian Dunarea De Jos Univ. of Galati 

Ceanga, Emil Univ. Dunarea De Jos 

Caraman, Sergiu Dunarea De Jos Univ 

The paper proposes a control structure for the optimization of the 
microalgae cultivation process in photobioreactors, which uses a 
performance criterion that includes productivity and light use. A 
16th order first principles dynamic model was used in the analysis 
of the control structure. The main results noted in the paper are 
the following: the realistic evaluation of the performances of the 
extremum seeking algorithm, solving the optimization problem; the 
analysis of two light supply control methods; and the identification 
of two approaches able to replace the extremum seeking optimizer 
with a biomass control loop that operates at an optimal setpoint 
determined with the mathematical model. The results were 
validated through numerical simulation. 

14:05-14:35 MoC1.7 

Unmeasured Concentrations and Reaction Rates 
Estimation in CSTRs, pp. 224-229 

Lopez-Caamal, Fernando Univ. Nacional Autonoma De 
Mexico-UNAM 

Moreno, Jaime A. Univ. Nacional Autonoma De 
Mexico-UNAM 

In this paper, we focus on continuously stirred tank reactors and 
present a dynamical system capable of estimating i) unmeasured 
concentrations exponentially fast and ii) completely unknown 
reaction rates exactly and in finite-time. Towards this end, this 
observer requires the (partial) knowledge of the mathematical 
model, along with the inputs and outputs to the system; 
furthermore, we require that the number of measured 
concentrations equals the number of unknown reaction rates. 

14:05-14:35 MoC1.8 

Dynamic Microorganism Growth Modeling for Shelf Life 
Prediction : Application to Cooked and Brined Shrimps, pp. 
230-235 

Diallo, Mamadou Aliou Univ. Cheikh Anta Diop (Dakar), 
Mathematics-Informatics Dep 

Bogaerts, Philippe Univ. Libre De Bruxelles 

Listeria monocytogenes growth data in cooked and brined shrimps 
under different storage temperatures (0°C, 5°C, 8°C, 15°C and 
25°C) were selected from Combase (Dalgaard and Jørgensen, 
2000) to develop a dynamic model for shelf life prediction. Based 
on a multi-step parameter identification procedure, the Baranyi 
model was fitted for the growth curves of L. monocytogenes, 
coupled with the Ratkowsky square root model and a sigmoidal 
function as secondary models for the temperature dependency of 
the maximum specific growth rate and the maximum cell density 
respectively. Uncertainty on the prediction of the global growth 
model was analyzed and the 95% confidence intervals of the 
predicted microorganism concentration time profiles were 

determined. Based on these latter, shelf life estimation was 42-53 
days, 9-11 days, 3-4 days at 8°C, 15°C and 25°C respectively 
according to the upper limit of L. monocytogenes in ready-to-eat 
products, 100 cfu/g. These results are in agreement with those 
presented in (Dalgaard and Jørgensen, 2000), which illustrates the 
shelf life prediction abilities of the proposed dynamic growth 
model. 

14:05-14:35 MoC1.9 

Plant Growth Modelling : From Experimental Design to 
Modelling - the Arabidopsis Experiment, pp. 236-241 

Dochain, Denis Univ. Catholique De Louvain 

Maclean, Heather Univ. Catholique De Louvain 

This paper deals with the development and identification of a 
simple mass balance model for plant growth. Further to previous 
studies, this paper deals with modeling of growth of Arabidopsis 
thaliana, for which a detailed experimental design has been 
performed with the objective to address some of the limitations of 
the previously developed plant growth models, largely in terms of 
data availability, while accounting for the practical experimental 
constraints. 

14:05-14:35 MoC1.10 

Time-Optimal Control and Parameter Estimation of 
Diafiltration Processes in the Presence of Membrane 
Fouling, pp. 242-247 

Jelemensky, Martin Slovak Univ. of Tech. in 
Bratislava 

Klauco, Martin Slovak Univ. of Tech. in 
Bratislava 

Paulen, Radoslav TU Dortmund 

Lauwers, Joost Katholieke Univ. Leuven 

Logist, Filip Katholieke Univ. Leuven 

Van Impe, Jan F.M. Katholieke Univ. Leuven 

Fikar, Miroslav Slovak Univ. of Tech. in 
Bratislava 

This paper deals with the time-optimal operation and parameter 
estimation problem of a general diafiltration process in the 
presence of fouling. Fouling stands for one of the dominant 
problems in the membrane separation processes. The dynamic 
behavior of the fouled membrane is described by a general fouling 
model taken from literature. An Extended Kalman filter is proposed 
for the recursive estimation of unknown parameters in the fouling 
model. A model-based optimal nonlinear controller, whose control 
law is obtained explicitly via Pontryagin's minimum principle, is 
coupled with the parameter estimation and subsequently applied 
in a simulation case study to show benefits of the proposed 
approach. 

 
  

MoC2 Room T1 

Short Oral Presentations of Posters: Model Based Control 
(Poster Session) 

Chair: Trifkovic, Milana Univ. of Calgary 

Co-Chair: Imsland, Lars Norwegian Univ. of Science & 
Tech. (NTNU) 

14:05-14:35 MoC2.1 

Nonlinear Model Predictive Controller for Kick Attenuation 
in Managed Pressure Drilling, pp. 248-253 

Nandan, Anirudh Memorial Univ. of Newfoundland 

Imtiaz, Syed Memorial Univ. of Newfoundland 

We propose a new design of nonlinear model predictive controller 
(NMPC) for automatic control of managed pressure drilling (MPD) 
system. The proposed controller acts in a pressure control mode 
and tracks bottom-hole-pressure (BHP) set point during normal 
operations, and automatically switches to a flow control mode in 
the event of abnormal situations, i.e. gas kick. It contains kick, 
when it occurs, within certain threshold by the deft use of nonlinear 
state constraints. We use output feedback control architecture and 
employ offset-free NMPC algorithm which utilizes 



recursive-discretization for discretization of the model and use 
active set method for calculating optimal control output. We 
demonstrate that the proposed controller is able to track a bottom 
hole pressure set point and contain influx in the presence of 
measurement noise and plant model mismatches. 

14:05-14:35 MoC2.2 

Robust Control for a Multi-Stage Evaporation Plant in the 
Presence of Uncertainties, pp. 254-259 

Nguyen, Philipp Aalto Univ 

Tenno, Robert Aalto Univ 

A Multi Stage Flash evaporation plant is investigated as a partly 
unknown process represented by structured uncertainties 
concerning several model parameters. Robust control designs in 
form of H infinity, loop-shaping and mu controllers are applied to 
the plant. The control objective has been obtained from previous 
work, where the optimal operating point has been shown to be in 
form of a reference liquid level profile throughout all the tanks of 
the plant. The incorporation of uncertainties and the controller into 
the generalized plant is done via Linear Fractional 
Transformations. The nominal as well as robust stability and 
performance are investigated for the controllers. 

14:05-14:35 MoC2.3 

Dual Mode MPC for a Concentrated Solar Thermal Power 
Plant, pp. 260-265 

Alsharkawi, Adham Univ. of Sheffield 

Rossiter, J. Anthony Univ. of Sheffield 

A model predictive control strategy for a concentrated solar 
thermal power plant is proposed. Design of the proposed controller 
is based on an estimated linear time-invariant state space model 
around a nominal operating point. The model is estimated directly 
from input-output data using the subspace identification method 
and taking into account the frequency response of the plant. 
Input-output data are obtained from a nonlinear distributed 
parameter model of a plant rather than the plant itself. 
Effectiveness of the proposed control strategy in terms of tracking 
and disturbance rejection is evaluated through two different 
scenarios created in a nonlinear simulation environment. 

14:05-14:35 MoC2.4 

Dual MPC with Reinforcement Learning, pp. 266-271 

Morinelly, Juan E. Carnegie Mellon Univ 

Ydstie, B. Erik Carnegie Mellon Univ 

An adaptive optimal control algorithm for systems with uncertain 
dynamics is formulated under a Reinforcement Learning 
framework. An embedded exploratory component is included 
explicitly in the objective function of an output feedback receding 
horizon Model Predictive Control problem. The optimization is 
formulated as a Quadratically Constrained Quadratic Program and 
it is solved to $epsilon$-global optimality. The iterative interaction 
between the action specified by the optimal solution and the 
approximation of cost functions balances the exploitation of 
current knowledge and the need for exploration. The proposed 
method is shown to converge to the optimal policy for a 
controllable discrete time linear plant with unknown output 
parameters. 

14:05-14:35 MoC2.5 

Energy Management of a Microgrid Via Parametric 
Programming, pp. 272-277 

Umeozor, Eva Chinedu Univ. of Calgary 

Trifkovic, Milana Univ. of Calgary 

An energy management system (EMS) for efficient and tractable 
coordination of distributed energy sources in a residential level 
microgrid is presented. Sources of energy include renewable 
(solar photovoltaic and wind turbine), conventional systems 
(microturbine and utility grid connection) and battery energy 
storage system. The overall problem is formulated using 
parametric mixed-integer linear programming (p-MILP) via 
parameterizations of the uncertain coordinates of the wind and 
solar resources. This results in a bi-level optimization problem, 

where choice of the parameterization scheme is made at the 
upper level while system operation decisions are made at the 
lower level. The p-MILP formulation leads to significant 
improvements in uncertainty management, solution quality and 
computational burden; by easing dependency on meteorological 
information and avoiding the multiple computational cycles of the 
traditional online optimization techniques. The problem is solved 
offline on a day-ahead basis, allowing online implementation to be 
achieved via real-time system state updates. The proposed 
parametric programming approach extends the state-of-the-art in 
microgrid energy management methods, and the simulation 
evidence its feasibility and effectiveness. 

14:05-14:35 MoC2.6 

Control of an Exothermic Packed-Bed Tubular Reactor, pp. 
278-283 

Najera, Isrrael Univ. Autónoma 
Metropolitana-Iztapalapa 

Alvarez, Jesus Univ. Autonoma Metropolitana 

Baratti, Roberto Univ. Degli Studi Di Cagliari 

Sotres, César Univ. Autónoma Metropolitana 
Unidad Iztapalapa 

The problem of robustly controlling a highly exothermic gas-phase 
packed-bed tubular reactor on the basis of feed and reactor 
temperature measurements is addressed. First, advanced 
nonlinear control yields a detailed model-based output feedback 
(OF) control design with passivity and observability solvability 
conditions, sensor location criterion, and simple tuning. Then, the 
behavior of the advanced controller is recovered with a simplified 
model-based realization that amounts to an industrial temperature 
tracking controller with feedforward (FF) dynamic setpoint 
compensation. The advanced and industrial controllers are 
formally connected. The approach is illustrated and tested with a 
representative case example through numerical simulations 

14:05-14:35 MoC2.7 

PID Controller Tuning for Unstable Processes Using a 
Multiobjective Optimisation Design Procedure, pp. 284-289 

Reynoso-Meza, Gilberto Pontificia Univ. Católica De 
Paraná 

Carrillo-Ahumada, J. Univ. Del Papaloapan 

Boada, Yadira Univ. Pol. De València 

Picó, Jesús Univ. Pol. De Valencia 

Multiobjective optimisation techniques have shown to be a useful 
tool for controller tuning applications. Such techniques are useful 
when: 1) it is difficult to find a controller with a desirable trade-off 
between conflictive objectives and/or 2) it is valuable to extract an 
additional knowledge from the process by analysing trade-off 
among possible controllers. In this work, we propose a 
multiobjective optimisation design procedure for unstable process, 
using PID controllers. The provided examples show the usability of 
the procedure for this kind of process, sometimes difficult to 
control; comparison with existing tuning rule methods provide 
promising results for this tuning procedure. 

14:05-14:35 MoC2.8 

Numerical Optimal Control Mixing Collocation with Single 
Shooting: A Case Study, pp. 290-295 

Albert, Anders Norwegian Univ. of Science & 
Tech. (NTNU) 

Imsland, Lars Norwegian Univ. of Science & 
Tech. (NTNU) 

Haugen, Joakim Norwegian Univ. of Science & 
Tech. (NTNU) 

This paper looks into implementation of numerical optimal control 
problems of systems with a cascade structure, in which only one 
part of the dynamic equality constraints has path constraints. We 
consider two dierent direct strategies for numerical implementation 
using direct methods: 1. Collocation for both parts of the cascade. 
2. Direct collocation for one part and single shooting for the other. 
To compare the methods we study the case of iceberg monitoring 
using a single unmanned aerial vehicle. The study reveals that 







conjunction with the other two processes is a novel aspect of our 
approach and it demonstrates the importance of water removal in 
terms of the overall flow sheet improvement. The improved 
process delivers an improved product yield of 3.12 times the 
original tri-reforming coupled methanol production process. The 
developed process flow sheet is simulated and optimized in Aspen 
Plus V8.4 and various sensitivity studies have been performed that 
illustrate the feasibility of the proposed approach. Moreover an 
effective multiple stage methanol production process is suggested 
for CO2 rich synthesis gas generated by tri-reforming or otherwise. 

14:05-14:35 MoC4.6 

Effect of Sampling Rate on the Divergence of the 
Extended Kalman Filter for a Continuous Polymerization 
Reactor in Comparison with Particle Filtering, pp. 365-370 

Hashemi, Reza TU Dortmund 

Engell, Sebastian TU Dortmund 

The Extended Kalman Filter (EKF) is the most widely used state 
estimation technique for non-linear systems in the field of process 
engineering. In this contribution, we investigate the performance of 
the EKF for continuous polymerization of acrylic acid in a tubular 
reactor with multiple side feeds of monomer. The EKF usually 
yields satisfactory estimations if the nonlinearities of the underlying 
system are not too severe. We observed that the EKF for this 
process diverges regardless of its tuning unless it is iterated at 
very fast sampling rates. In order to verify this, we have tested the 
EKF for different tunings and different sampling rates in 100 
independent Monte Carlo simulations for each setup. In contrast 
Particle Filters use the nonlinear model of the process directly and 
do not suffer from the problems caused by linearization. On the 
other hand the computation times are significantly higher. 

14:05-14:35 MoC4.7 

Practical Use of Savitzky-Golay Filtering-Based Ensemble 
Online SVR, pp. 371-376 

Kaneko, Hiromasa Univ. of Tokyo 

Matsumoto, Takuya Mitsui Chemicals, Inc 

Ootakara, Shigeki Mitsui Chemical Inc 

Funatsu, Kimito Univ. of Tokyo 

As a result of collaboration between Mitsui Chemicals, Inc. and the 
University of Tokyo, a soft sensor tool was developed and 
implemented in several plants in Mitsui Chemicals, Inc. A soft 
sensor is an inferential model constructed between process 
variables that are easy to measure (X) and process variables that 
are difficult to measure (y). y-values can be estimated in real time 
by inputting X-values into a soft sensor. To maintain predictive 
ability of a soft sensor to be high, we employ ensemble online 
support vector regression (EOSVR) model as an adaptive soft 
sensor model, which can adapt to both nonlinear changes and 
time-varying changes. Additionally, to reduce noise in estimated 
y-values, Savitzky-Golay (SG) filtering is used for estimated 
y-values. Our proposed method is called EOSVR-SG and 
implemented as a soft sensor tool. In this paper, we show our soft 
sensor tool used in real chemical plants and its execution results 
in which the EOSVR-SG model could estimate y-values accurately 
and smoothly. 

14:05-14:35 MoC4.8 

Variability Reduction Estimation for SISO Systems 
through Unmeasured Disturbance Estimation, pp. 377-382 

Lima, Maria Federal Univ. of Rio Grande Do 
Sul 

Trierweiler, Jorge Otávio Federal Univ. of Rio Grande Do 
Sul 

Farenzena, Marcelo Federal Univ. of Rio Grande Do 
Sul 

The variability within a process can be seen as a limiting factor for 
its efficiency. Because this, the present paper provides a simple, 
fast and non-intrusive methodology, able to translate the part in 
total variability that can be changed through controller adjustment. 
These types of analyses are usually intrusive; however, this work 
presents an alternative to obtaining such information from 
non-intrusive manner, thus eliminating a need for system 

perturbation. It is proposed to estimate the variability reduction 
through a sequential method that uses unmeasured disturbance 
estimation and a representative model of the actual process. The 
method's quality was tested by analyzing the sensitivity of 
methodology against several initial conditions, since the procedure 
requires an optimization step. The case studies that involved pure 
time delay have showed high sensitivity to the initial condition, but 
even in this case the potential for variability reduction was 
correctly estimated. 

14:05-14:35 MoC4.9 

Variable Elimination-Based Contribution for Accurate Fault 
Identification, pp. 383-388 

Satoyama, Yusuke Kyoto Univ 

Fujiwara, Koichi Kyoto Univ 

Kano, Manabu Kyoto Univ 

We propose a new fault identification method, which can describe 
the contribution of each process variable to a detected fault and 
identify a faulty variable more accurately than conventional 
methods. In the proposed method, in addition to a fault detection 
model that describes normal operating condition (NOC), multiple 
fault identification models that describe the same NOC are also 
constructed by eliminating one variable from all monitored 
variables at a time. After a fault is detected with the fault detection 
model, the fault detection index, e.g. a combined index of the 
$T^2$ and $Q$ statistics, is calculated by using each of the fault 
identification models. When the faulty variable is eliminated, the 
index does not change before and after the fault occurs. On the 
other hand, when the normal variable is eliminated, the index is 
affected by the fault and increases after the fault occurs. Thus, the 
eliminated variable corresponding to the index that does not 
increase after the occurrence of the fault is identified as a faulty 
variable. In the proposed method, the ratio of the average index in 
NOC to the current index is used as a fault identification index or a 
contribution. To validate the proposed method, VEC was 
compared with the reconstruction-based contribution (RBC) 
through numerical examples. The results have demonstrated that 
VEC outperformed RBC in fault identification performance both in 
the linear case and in the nonlinear case. 

14:05-14:35 MoC4.10 

Reducing Wear of Sticky Pneumatic Control Valves Using 
Compensation Pulses with Variable Amplitude, pp. 389-393 

Munaro, Celso Jose Univ. Federal Do Espírito Santo 

Castro, Gabriel Petróleo Brasileiro S.A 

Silva, Filipe Univ. Federal Do Espírito Santo 

Becerra Angarita, Oscar 
Fernando 

Univ. Federal Do Espírito Santo 

Cypriano, Marcos Vinicius 
Gomes 

Univ. Federal Do Espírito Santo 

The presence of friction in control valves produces limit cycles that 
reduces the performance of control loops. Once friction is 
detected, its compensation avoids process stops until the next 
maintenance stop is performed. Model free methods adding 
feed-forward pulses to PID controller output have been proposed 
to reduce the effect of friction. A common drawback in such 
methods is the increase in the movement of the valve stem. A new 
method is here proposed to overcome this issue. The amplitude of 
the pulses vary and becomes zero when a specified limit for the 
error on the process variable is achieved. Another advantage of 
this method is its ability to cope with uncertainty in friction, since 
the amplitude of the pulses pulses vary between limits. The 
method is illustrated via simulation, and its implementation in a 
real industrial controller is shown and discussed. 

14:05-14:35 MoC4.11 

Fault Detection for Simulated Valve Faults in a High 
Pressure Leaching Process, pp. 394-399 

Miskin, Jason John Stellenbosch Univ 

Lindner, Brian Stellenbosch Univ 

Auret, Lidia Stellenbosch Univ 

Dorfling, Christie Stellenbosch Univ 





Chair: Ricardez-Sandoval, 
Luis Alberto 

Univ. of Waterloo 

Co-Chair: Adomaitis, 
Raymond 

Univ. of Maryland 

Organizer: 
Ricardez-Sandoval, Luis 
Alberto 

Univ. of Waterloo 

15:50-16:10 MoD2.1 

Markov Decision Process Based Time-Varying Optimal 
Control for Colloidal Self-Assembly (I), pp. 430-435 

Tang, Xun Georgia Inst. of Tech 

Bevan, Michael Johns Hopkins Univ 

Grover, Martha Georgia Inst. of Tech 

Crystals made of periodically well-ordered nano- and/or 
micro-scale elements can interact with light to give novel 
properties. These perfect crystals have applications in a wide 
range of areas. For example, invisibility cloaks that reroute light 
transmission make objects disappear. However, manufacturing 
such perfect crystals still remains challenging. Here, we propose a 
low-dimensional Markov decision process based dynamic 
programming framework to optimally control a colloidal 
self-assembly process for perfect crystal fabrication. Based on the 
simulation results, we demonstrate that an open-loop control 
policy identified with the proposed framework is able to reduce the 
defective assemblies from 46% of uncontrolled to 8% of controlled 
production. Moreover, when feedback is available, a closed-loop 
optimal finite-horizon control policy can further reduce the 
defective assemblies down to 5% out of 100 independent 
simulation runs. 

16:10-16:30 MoD2.2 

Distributional Uncertainty Analysis in Transient 
Heterogeneous Multiscale Catalytic Flow Reactors (I), pp. 
436-441 

Chaffart, Donovan R. G. Univ. of Waterloo 

Ricardez-Sandoval, Luis 
Alberto 

Univ. of Waterloo 

This work explores the effects of parameter uncertainty and 
model-plant mismatch on a transient, spatially heterogeneous 
multiscale catalytic reactor system. Uncertainty in key system 
parameters is propagated into the concentration of the reactor 
product species using power series expansion (PSE). The reactor 
model is constructed through the combination of continuum 
equation modeling, to describe mass transport within the reactor, 
with kinetic Monte Carlo (kMC) simulations that predicts the 
behavior of the catalyst surface. The uncertainty analysis 
illustrated in this study is employed to evaluate the effects of 
uncertainty on the reactor product concentration as it evolves in 
time and space. 

16:30-16:50 MoD2.3 

Mathematical Modeling and Analysis of Carbon Nanotube 
Photovoltaic Systems (I), pp. 442-447 

Paulson, Joel Massachusetts Inst. of Tech 

Molaro, Mark C. Massachusetts Inst. of Tech 

Bellisario, Darin O. Massachusetts Inst. of Tech 

Strano, Michael S. Massachusetts Inst. of Tech 

Braatz, Richard D. Massachusetts Inst. of Tech 

This article considers first-principles predictive modeling of carbon 
nanotube photovoltaic (PV) devices, with the objective being to 
increase predictive capabilities to the point that systems 
engineering approaches can be applied. After covering some 
background, the state of the art in first-principles modeling is 
reviewed and extended to include the construction of realistic 
spatial placements of carbon nanotubes within the device during 
manufacturing and the effects of exciton hopping between carbon 
nanotubes. Challenges in the construction of improved 
first-principles models and some promising future directions are 
discussed. 

16:50-17:10 MoD2.4 

Dynamic Dimension Reduction for Thin-Film Deposition 
Reaction Network Models (I), pp. 448-453 

Adomaitis, Raymond Univ. of Maryland 

A prototype thin-film deposition model is developed and 
subsequently used in a sequence of model reduction procedures, 
ultimately reducing the dynamic dimension from six to one with 
essentially no loss in accuracy to the dynamics of the deposition 
process. The species balance model consists of a singular 
perturbation problem of nonstandard form which first is numerically 
solved following the approach of Daoutidis (2015). An alternative 
strategy then is presented, consisting of a reaction factorization 
procedure which facilitates the solution of the outer solution of the 
singular perturbation problem and provides unique physical insight 
into the conserved quantities identified by the elimination of 
redundant dynamic modes. Further reduction in dynamic 
dimension then is achieved through a second factorization focused 
only on the major reaction species. This second reduction 
procedure identifies pseudo-equilibria of finite-rate properties and 
introduces an additional level of complexity to the challenges of 
identifying consistent initial conditions for DAE systems. 

17:10-17:30 MoD2.5 

A Transfer Entropy Method to Quantify Causality in 
Stochastic Nonlinear Systems, pp. 454-459 

Gao, Jiaqi Tsinghua Univ 

Tulsyan, Aditya Massachusetts Inst. of Tech 

Yang, Fan Tsinghua Univ 

Gopaluni, Bhushan Univ. of British Columbia 

In modern chemical processes, identification of the process 
variable connectivity and their topology is vital for maintaining the 
operational safety. As a general information theoretic method, 
transfer entropy can analyze the causality between two variables 
based on estimation of conditional probability density functions. 
Transfer entropy estimation is typically a data driven method, 
however, the associated high computational complexity and poor 
accuracy are not acceptable in real applications. Using a nonlinear 
stochastic state-space model in conjunction with particle filters, a 
novel transfer entropy estimation method is proposed. The 
proposed approach requires less data, is fast and accurate. 

 
  

MoD3 Room T2 

Modeling of Biological Systems (Regular Session) 

Chair: Guzman, Jose Luis Univ. of Almeria 

Co-Chair: Bar, Nadav S. Norwegian Univ. of Science & 
Tech. (NTNU) 

15:50-16:10 MoD3.1 

From MFA to FBA: Legitimating Objective Function and 
Linear Constraints, pp. 460-465 

Bogaerts, Philippe Univ. Libre De Bruxelles 

Richelle, Anne Univ 

Mhallem Gziri, Khadija Univ. Libre De Bruxelles, 
3BIO-BioControl 

A careful analysis of the admissible metabolic flux intervals 
(determined from linear programs) obtained with detailed (input 
and output) or limited (only input) flux measurements is proposed 
in a case study made of a fed-batch culture of hybridoma cells. It 
is shown how a cost function in FBA and additional linear 
constraints on the fluxes can be legitimated and efficiently 
introduced so as to recover admissible flux intervals based on 
limited external measurements which are similar to the ones 
based on all the available measurements. A way to model 
overflow metabolism on both glucose and glutamine thanks to only 
two inequality constraints is proposed. 

16:10-16:30 MoD3.2 

Application of Dynamic Metabolic Flux Convex Analysis to 
CHO-DXB11 Cell Fed-Batch Cultures, pp. 466-471 

Fernandes, Sofia Univ. of Mons 

Robitaille, Julien Lab. in Applied Metabolic 



Engineering, Department of 
Chemi 

Bastin, Georges Univ. Catholique De Louvain 

Jolicoeur, Mario École Pol. De Montreal 

Vande Wouwer, Alain Univ. De Mons 

In this work, a dynamic metabolic flux analysis based on convex 
analysis (DMFCA) is applied to CHO-DXB11 cell fed-batch 
cultures. This approach exploits all the available knowledge of the 
metabolic network and the time evolution of extracellular 
component concentrations, to determine bounded intervals for the 
fluxes continuously over time. Smoothing splines and mass 
balance differential equations are used to estimate the time 
evolution of the uptake and excretion rates from experimental 
data. Furthermore, the method is suitable for underdetermined 
systems, and does not require the definition of ad-hoc objective 
functions to be optimized. Moreover the metabolic network 
considered in this work allows an estimation of the carbon dioxide 
flux. 

16:30-16:50 MoD3.3 

New Iterative Approach (ISNCA) for Constrained Matrix 
Factorization Methods, pp. 472-477 

Bar, Nadav S. Norwegian Univ. of Science & 
Tech. (NTNU) 

Jayavelu, Naresh D. Univ. of Turku and Åbo Akademi 
Univ 

Gene regulation networks are complex, often involve thousands of 
genes, regulators and the connections between them. To 
understand the complex interactions between these genes and 
regulators with time, large empirical data is used the so called 
time-series gene expression data. Many statistical tools are used 
to analyze this data but they often impose restrictions that reduce 
the size of the network and make the solution less feasible from a 
biological perspective. We developed the iterative subnetwork 
component analysis (ISNCA), a method that decomposes the 
empirical data of two or more overlapping subnetworks with joint 
components at one iteration, and updates the solution at the next 
iteration by subtracting the contribution of each of the 
subnetworks. This predict - update method managed to relax the 
restrictions and solve larger networks. We generalized the method 
in this paper to include both regulators and genes in the joint 
partition, and demonstrated its accuracy using a synthetic network 
with a known matrix decomposition. We also applied the ISNCA 
on large biological data taken from mice cells and obtained larger 
and more accurate solutions than achieved by previous methods. 

16:50-17:10 MoD3.4 

Event-Based Selective Control Strategy for Raceway 
Reactor: A Simulation Study, pp. 478-483 

Pawlowski, Andrzej UNED 

Fernández Sedano, Ignacio Univ. of Almeria 

Guzman, Jose Luis Univ. of Almeria 

Berenguel, Manuel Univ. of Almeria 

Acién Fernández, Francisco 
Gabriel 

Univ. of Almeria 

Dormido, Sebastián UNED 

This work presents a simulation study of an event-based selective 
control strategy for a raceway reactor. The control system aims 
are to maintain simultaneously a pH and dissolved oxygen within 
specific limits. In the analyzed control scheme, the pH value is 
prioritized over the dissolved oxygen, since it has a critical 
influence on the process performance. Besides, the dissolved 
oxygen also influences the photosynthesis rate and should be kept 
within the limits. The control structure is evaluated through 
simulation, where a nonlinear model for microalgae culture in the 
raceway photobioreactor is used. Analysis of different 
configurations allows to determine the most adequate control 
system setup to achieve the desired goals. The obtained results 
show that combination of an event-based approach with selective 
control allows to increase the overall productivity as well as to 
address effective CO$_2$ utilization and aeration system energy 
minimization. 

 
  

MoD4 Room T4 

Inferential Sensing, State Estimation and Sensor 
Development I (Regular Session) 

Chair: Porru, Marcella Eindhoven Univ. of Tech 

Co-Chair: Kano, Manabu Kyoto Univ 

15:50-16:10 MoD4.1 

Development of a Moving Window Maximum Likelihood 
Parameter Estimator and Its Application on Ideal Reactive 
Distillation System, pp. 484-489 

Valluru, Jayaram Indian Inst. of Tech. Bombay 

Purohit, Jalesh Chemical Engineering 
Department, Dharmsinh Desai 

Univ. Nad 

Patwardhan, Sachin C. Indian Inst. of Tech. Bombay 

Biegler, Lorenz T. Carnegie Mellon Univ 

Estimation of slowly varying model parameters/unmeasured 
disturbances is of paramount importance in process monitoring, 
fault diagnosis, model based advanced control and online 
optimization. The conventional approach to estimate drifting 
parameters is to model them as a random walk process and 
estimate them simultaneously with the states. However, this may 
lead to a poorly conditioned problem, where the tuning of the 
random walk model becomes a non-trivial exercise. Recently, 
Huang et al. (2010) has proposed a novel moving window 
weighted least squares parameter estimation approach, which is 
capable of simultaneous estimation of states and slowly drifting 
parameters/unmeasured disturbances. The slowly drifting 
parameters are assumed to remain constant in a time window in 
the immediate past and are estimated by solving a constrained 
minimization problem formulated over the window. In this work, the 
moving window parameter estimator of Huang et al. (2010) is 
recast as a moving window maximum likelihood (ML) estimator. It 
is assumed that the innovation sequence generated by the 
DAE-EKF is a Gaussian white noise process and further used to 
construct a likelihood function that treats the drifting model 
parameters as unknowns. This leads to a well conditioned problem 
where the only tuning parameter is the length of the moving 
window, which is much easier to select than selecting the 
covariance of the random walk model. Efficacy of the proposed ML 
formulation has been demonstrated by conducting simulation 
studies on an ideal reactive distillation system. Analysis of the 
simulation results reveals that the proposed moving window ML 
estimator is capable of tracking the drifting unmeasured parameter 
fairly accurately using only the tray temperature measurements. 

16:10-16:30 MoD4.2 

Simulation Study of the Particle Filter and the EKF for 
State Estimation of a Large-Scale DAE-System with 
Multi-Rate Sampling, pp. 490-495 

Haßkerl, Daniel TU Dortmund 

Arshad, Momin TU Dortmund 

Hashemi, Reza TU Dortmund 

Subramanian, 
Sankaranarayanan 

TU Dortmund 

Engell, Sebastian TU Dortmund 

In the present contribution we study the application of the Particle 
Filter (PF) and of the Extended Kalman Filter (EKF) incorporating 
measurements at different sampling rates for the state estimation 
of a large-scale model. We investigate a model of an intensified 
chemical process (a reactive distillation (RD) process) that is 
represented by a nonlinear DAE-system and has more than 100 
states. The EKF and PF schemes are studied for two different 
cases. The performance of each of the estimation method is 
compared first for the case where the estimator uses a model 
which is identical to the process Secondly, the model used by the 
estimator is considered to be parametrically different from the 
model used to simulate the process. The effect of model-plant 
mismatch on the mean squared estimation error is studied for both 
state estimation methods. The goal is to give arguments for the 
selection of either of the methods to be used at the real process 



unit fulfilling the requirements of accurate estimation and real-time 
capability. 

16:30-16:50 MoD4.3 

Systematic Observability and Detectability Analysis of 
Industrial Batch Crystallizers, pp. 496-501 

Porru, Marcella Eindhoven Univ. of Tech 

Ozkan, Leyla Eindhoven Univ. of Tech 

Motivated by the lack of hardware analysers for particle size 
distribution (PSD) and solute concentration measurements in 
industrial crystallizers, this work investigates the feasibility of 
designing alternative monitoring tools based on state observers. 
The observability and detectability properties of the discretized 
population balance equation accounting for crystal growth, attrition 
and agglomeration coupled with energy and solute mass balances 
are studied. A systematic methodology for sensor selection based 
on nonlinear observability and detectability principles is proposed 
and applied. Results are corroborated by a machine learning 
technique (the self-organizing map), leading to the fact that the 
solute concentration is distinguishable with temperature 
measurements, while the PSD is not. The results represent the 
starting point for future detector design where temperature 
measurements are used to infer composition, while the estimation 
of the PSD is done in "open loop" fashion. 

16:50-17:10 MoD4.4 

Sparse Sample Regression Based Just-In-Time Modeling 
(SSR-JIT): Beyond Locally Weighted Approach, pp. 502-507 

Uchimaru, Taku Kyoto Univ 

Kano, Manabu Kyoto Univ 

In the present work, a new method for just-in-time (JIT) modeling 
is proposed. To develop virtual sensors or soft-sensors that can 
cope with changes in process characteristics as well as 
nonlinearity, JIT modeling such as locally weighted regression 
(LWR) and locally weighted partial least squares (LW-PLS) has 
been investigated and successfully used in various industries. The 
conventional JIT modeling methods predict output variables by 
constructing a local model by using past samples located in the 
neighborhood around the new target sample (query) every time 
when the output prediction is required; the modeling samples are 
selected or weighted according to the similarity between the 
samples and the query. The similarity is usually determined on the 
basis of the distance from the query. However, the use of distance 
does not assure the high prediction accuracy. To overcome this 
limitation of the conventional JIT methods, the proposed method 
selects past samples that are useful for constructing an accurate 
local model by using elastic net, which builds a sparse regression 
model to estimate the query, and uses the derived regression 
coefficients to evaluate the similarity for conducting LW-PLS. This 
sparse sample regression based just-in-time modeling (SSR-JIT) 
has a potential for surpassing the conventional distance-based JIT 
modeling. In fact, it was demonstrated that SSR-JIT outperformed 
LW-PLS in the prediction accuracy through two case studies with 
real industrial data. 

17:10-17:30 MoD4.5 

On-Line Full Probability Distribution Identification of ARX 
Model Parameters Based on Bayesian Approach, pp. 
508-513 

Valadkhani, Amir Hosein APAC Res. Group, Industrial 
Control Center of Excellence, Fa 

Khormali, Aminollah K. N. Toosi Univ. of Tech 

Aliyari Shoorehdeli, Mahdi K. N. Toosi Univ. of Tech 

Khaloozadeh, Hamid K. N. Toosi Univ. of Tech 

Fatehi, Alireza K. N. Toosi Univ. of Tech 

In this contribution, full probability distribution of parameters of 
ARX model is obtained for on-line problems by means of Bayesian 
approach and Markov chain Monte Carlo method (MCMC), which 
provides the ability to be applied on time-varying ARX models as 
well. Full probability distribution of parameters represent whole 
available knowledge of parameters. So, decision makers can 
follow any policies to make decision about point estimation, like 
dynamic point estimation. Moreover, the Bayesian approach has 

great potential in combining sources of knowledge much more 
easier. To decrease the computational efforts, full probability of 
model parameters are updated based on size-varying partitions. 
Furthermore, incorporating the posterior probability of previous 
partition into the jump probability of current partition, in MCMC 
method, improves the performance of the proposed algorithm from 
the computation and convergence rate point of view. Simulation 
results demonstrate the effectiveness and validity of the proposed 
algorithm. 

 
 





Compostela 

Operation of wastewater treatment plants can be subjected to 
economic, energetic and/or environmental objectives, besides the 
compliance with effluent limits. As trade-offs between different 
objectives are frequently unavoidable, model based analysis can 
assist in decision making and give further insight on the effect of 
the operating conditions. Furthermore, as new wastewater 
treatment technologies have appeared in the latest years, 
model-based analysis is needed to ascertain what the advantages 
of the new technologies are. We demonstrate here how to assess 
and operate an innovative WWTP according to different objectives 
with case-study based on a real innovative pilot plant. The plant 
features the use of denitrifying anaerobic methane oxidation 
(DAMO) bacteria to deplete methane from digestate. Furthermore, 
given the slow growth rate of the system and the tendency to 
create complex syntrophic environments, the use of a model 
becomes a keystone to operate these reactors. 

 
  

TuA1 Room T1 

Industrial Control Applications (Regular Session) 

Chair: Alsop, Nicholas Borealis AB 

Co-Chair: Li, Qin Statoil ASA 

10:30-10:50 TuA1.1 

Modelling and Robustness Analysis of Model Predictive 

Control of Electrical Submersible Pump Lifted Heavy Oil 
Wells, pp. 544-549 

Krishnamoorthy, Dinesh Statoil ASA 

Bergheim, Elvira Marie Statoil ASA 

Pavlov, Alexey Statoil ASA 

Fredriksen, Morten Statoil ASA 

Fjalestad, Kjetil Statoil ASA 

In this paper we consider the problem of automatic control of oil 
production wells equipped with Electric Submersible Pumps 
(ESP). To facilitate robustness analysis of automatic control 
algorithms for such systems, a high fidelity simulator of ESP lifted 
well producing heavy viscous crude oil, has been developed. 
Model Predictive Control strategy proposed by the authors in an 
earlier publication has been tested on this simulator with the main 
focus on controller performance and robustness. The results 
demonstrated sufficient robustness of the controller with respect to 
system nonlinearities, variations in operating conditions, 
disturbances and measurement noise. 

10:50-11:10 TuA1.2 

Implementing Mid Ranging in a DCS Environment, pp. 
550-555 

Alsop, Nicholas Borealis AB 

Mid ranging is an algorithm for controlling one control variable, 
such as flow or pressure, with two manipulated variables. Although 
mid ranging is a very well established technique there are a 
number of practical issues which must be addressed when 
implementing mid ranging in the DCS. These issues include 
handicapped operation, bump less transfer and proper handling of 
saturation conditions. In this article, an algorithm for mid ranging is 
presented which exploits the inbuilt functionality of the control 
blocks in a modern DCS. A specific feature of the algorithm is the 
ability to maintain control even when one of the manipulated 
variables is out of service. Finally the article also demonstrates 
how the algorithm is extended to handle three manipulated 
variables. 

11:10-11:30 TuA1.3 

Robustness Analysis and Tuning for Pressure Control in 
Managed Pressure Drilling, pp. 556-561 

Li, Qin Statoil ASA 

Kamel, Mina ETH Zurich 

In this paper, we present a general framework for robustness 
analysis for pressure control in managed pressure drilling (MPD). 
In particular, we apply the analysis to the pressure controller 

proposed in the work Godhavn et al. (2011), based on which we 
also give an approach to search for controller tuning parameters 
with the goal of maximizing the robustness of system stability and 
control performance to various sorts of uncertainties, disturbances 
and noise. The resulting tuning table can be used for online 
computation of the controller parameters. The method proves 
effective in a simulation study. 

11:30-11:50 TuA1.4 

Nonlinear MPC for Grade Transitions in an Industrial LDPE 
Tubular Reactor, pp. 562-567 

Skalen, Staffan Borealis AB 

Josefsson, Fredrik Borealis AB 

Ihrström, Joakim Borealis AB 

A detailed physical model has been developed for an industrial 
350 kt/year low-density polyethylene tubular reactor and 
implemented in a proprietary non-linear Model Predictive Control 
framework to control product quality during grade transitions. The 
controller is now at the end of the commissioning phase and is 
regularly used during transitions. Improved transition control 
reduces the amount of off-spec product, which improves the profit 
of the plant as well as the consistency during transitions compared 
to the manual transition control scheme used previously. 

11:50-12:10 TuA1.5 

Economic Model Predictive Control (EMPC) of an Industrial 
Diesel Hydroprocessing Plant, pp. 568-573 

Arkun, Yaman Koc Univ 

Aydin, Erdal Koc Univ 

Is, Gamze TUPRAS 

Diesel hydroprocessing is a refinery process by which the sulfur 
impurities are removed by hydrodesulfurization to satisfy the 
environmental sulfur constraint levels and the main product diesel 
is obtained by hydrocracking. The industrial Diesel 
Hydroprocessing Plant subject to this study consists of two 
hydrodesulfurization reactors and one hydrocracking reactor in 
series. The feed to the plant is a blend of four different raw 
material streams which are heavy diesel (HD), light diesel (LD), 
light vacuum gas oil (LVGO) and imported diesel from another 
refinery. A two-layer, hierarchical Economic Model Predictive 
Control (EMPC) structure is proposed to maximize the profit of the 
industrial diesel hydroprocessing plant. The plant-wide profit is 
maximized by computing the optimal set points by the upper 
economic model predictive control layer while these set points are 
tracked by the regulatory model predictive controllers in the lower 
level. Set point tracking and disturbance rejection performances of 
the proposed EMPC structure are tested through closed-loop 
simulations and the results are presented in this work. 
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Chair: Dochain, Denis Univ. Catholique De Louvain 
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10:30-10:50 TuA2.1 

Asymptotic Tracking of Periodic Operation Based on 
Control Contraction Metrics, pp. 574-578 

Wang, Ruigang Univ. of New South Wales 

Bao, Jie Univ. of New South Wales 

Periodic operations can be beneficial to chemical and biological 
systems, leading to better efficiency and plant economy compared 
to steady state operation. In this paper, the tracking control of 
desired periodic operation based on control contraction metrics is 
considered. A relaxation method is proposed to convert the 
nonconvex control synthesis problem into a convex 
sum-of-squares programming. Finally, an application to a 
Lotka-Volterra system of sustained oscillating chemical reactions 
is presented for illustration. The main advantages of this approach 
include: (1) the feedback information is geodesics, which is a 
general deviation considering local nonlinearity; (2) the differential 
state feedback control law is reference trajectory independent; (3) 













which are similar in concept to non-reactive distillation design 
methods, such as driving force approach. The methods employed 
in this work are based on equivalent element concept. This 
concept facilitates the representation of a multi-element reactive 
system as binary light and heavy key elements. First, the reactive 
distillation column is designed at the maximum driving force where 
through steady-state analysis it is shown that it has the least 
energy consumption and carbon footprint. Next, through analytical 
and dynamic analysis it is verified that the control structure, 
disturbance rejection and the controllability at the maximum driving 
force is the best compared to any other design alternative which 
does not operate at the maximum driving force. 

13:40-14:00 TuB3.3 

Control System Design for Furnaces with Multiple Parallel 
Passes, pp. 741-746 

Ojasvi, Ojasvi Indian Inst. of Tech. Kanpur 

Singh, Aryan Indian Inst. of Tech. Kanpur 

Kaistha, Nitin Indian Inst. of Tech. Kanpur 

Systematic control system design for process furnaces with 
multiple parallel tube passes is addressed. The control objectives 
are to regulate furnace outlet temperature while holding the 
temperature rise across the individual tubes to be the same (tube 
pass heat load balancing). With respect furnace throughput (Ftot), 
two operating scenarios are considered; 1. Ftot is held constant 
and (ii) short term transient variability in Ftot is acceptable. 
Alternative systems, CS1-CS3, are synthesized and quantitatively 
evaluated for their closed loop dynamic performance to expected 
load/servo changes. The Scenario 1 heat load balancing problem 
is shown to exhibit strong multivariable dynamic interaction and 
the control benefit of dynamic matrix control is quantified. Based 
on the results, recommendations are made on the suitability of the 
alternative control systems in industrial settings. 

Keywords: Control System Design, Process Equipment, Furnaces, 
Dynamic Modeling, Multi-variable Systems 

14:00-14:20 TuB3.4 

Optimal Operation and Stabilising Control of the 
Concentric Heat-Integrated Distillation Column, pp. 747-752 

Bisgaard, Thomas Tech. Univ. of Denmark 

Skogestad, Sigurd Norwegian Univ. of Science & 
Tech. (NTNU) 

Huusom, Jakob Kjøbsted Tech. Univ. of Denmark 

Abildskov, Jens Tech. Univ. of Denmark 

A systematic control structure design method is applied on the 
concentric heat-integrated distillation column (HIDiC) separating 
benzene and toluene. A degrees of freedom analysis is provided 
for identifying potential manipulated and controlled variables. 
Optimal operation is mapped and active constraints are identified 
for constructing the supervisory control layer. The fundamental 
problem of obtaining a stabilising control structure is addressed 
resulting in the regulatory control layer design. A supervisory 
control layer is devised and combined with the regulatory control 
layer. The control structure is finally evaluated by dynamic 
simulation for proving an acceptable performance. 
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13:00-13:20 TuB4.1 

Hybrid Online Sensor Error Detection and Functional 
Redundancy for Artificial Pancreas Control Systems (I), pp. 
753-758 

Feng, Jianyuan Illinois Inst. of Tech 

Turksoy, Kamuran Illinois Inst. of Tech 

Samadi, Sediqeh Illinois Inst. of Tech 

Hajizadeh, Iman Illinois Inst. of Tech 

Cinar, Ali Illinois Inst. of Tech 

Artificial pancreas (AP) control systems rely on signals from 
glucose sensors to collect glucose concentration (GC) information 
from people with Type 1 diabetes and compute insulin infusion 
rates to maintain GC within a desired range. Sensor performance 
is often limited by sensor errors, communication interruptions and 
noise. A hybrid online sensor error detection and functional 
redundancy system is developed to detect errors in online signals, 
and replace erroneous or missing values detected with 
model-based estimates. The proposed hybrid system relies on two 
techniques, an outlier-robust Kalman filter (ORKF) and a 
locally-weighted partial least squares (LW-PLS) regression model. 
This leverages the advantages of automatic measurement error 
elimination with ORKF and data-driven prediction with LW-PLS. A 
novel method called nominal angle analysis is proposed to 
distinguish between signal faults and large changes in sensor 
values caused by real dynamic changes in the metabolism. The 
performance of the system is illustrated with clinical data from 
continuous glucose monitoring sensors collected from people with 
Type 1 diabetes. 

13:20-13:40 TuB4.2 

Model Identification Using Continuous Glucose Monitoring 
Data for Type 1 Diabetes (I), pp. 759-764 

Boiroux, Dimitri Tech. Univ. of Denmark 

Hagdrup, Morten Tech. Univ. of Denmark 

Mahmoudi, Zeinab Tech. Univ. of Denmark 

Poulsen, Niels Kjølstad Tech. Univ. of Denmark 

Madsen, Henrik Tech. Univ. of Denmark 

Jorgensen, John Bagterp Tech. Univ. of Denmark 

This paper addresses model identification of continuous-discrete 
nonlinear models for people with type 1 diabetes using sampled 
data from a continuous glucose monitor (CGM). We compare five 
identification techniques: least squares, weighted least squares, 
Huber regression, maximum likelihood with extended Kalman filter 
and maximum likelihood with unscented Kalman filter. We perform 
the identification on a 24-hour simulation of a stochastic differential 
equation (SDE) version of the Medtronic Virtual Patient (MVP) 
model including process and output noise. We compare the fits 
with the actual CGM signal, as well as the short- and long-term 
predictions for each identified model. The numerical results show 
that the maximum likelihood-based identification techniques offer 
the best performance in terms of fitting and prediction. Moreover, 
they have other advantages compared to ODE-based modeling, 
such as parameter tracking, population modeling and handling of 
outliers. 

13:40-14:00 TuB4.3 

The Artificial Pancreas: A Dynamic Challenge (I), pp. 
765-772 

Stavdahl, Øyvind Norwegian Univ. of Science & 
Tech. (NTNU) 

Fougner, Anders Lyngvi Norwegian Univ. of Science & 
Tech. (NTNU) 

Kölle, Konstanze Norwegian Univ. of Science & 
Tech. (NTNU) 

Christiansen, Sverre 
Christian 

Norwegian Univ. of Science & 
Tech. (NTNU) 

Ellingsen, Reinold Norwegian Univ. of Science & 
Tech. (NTNU) 

Carlsen, Sven Magnus Norwegian Univ. of Science & 
Tech. (NTNU) 

In patients with diabetes mellitus type 1, the pancreatic insulin 
production ceases, causing raise in blood glucose level (BGL) and 
potentially severe long-time complications. The holy grail of 
diabetes treatment is the artificial pancreas (AP), a closed-loop 
control system that replaces the missing regulation of the user's 
BGL by infusing insulin, and possibly glucagon. Numerous 
attempts have been largely unsuccessful, mainly due to slow 
dynamics, which limits the attainable closed-loop control 
performance and robustness. System performance has been 





(I), pp. 797-802 

Lucia, Sergio Otto-Von-Guericke-Univ. 
Magdeburg 

Schliemann-Bullinger, 
Monica 

Otto-Von-Guericke Univ. 
Magdeburg 

Findeisen, Rolf Otto-Von-Guericke-Univ. 
Magdeburg 

Bullinger, Eric Otto-Von-Guericke Univ. 
Magdeburg 

Robust optimal control of pharmacokinetic / pharmacodynamic 
(PK/PD) models allows for optimal drug dosage design under 
model uncertainties. Typical PK/PD models are highly uncertain 
and therefore a robust design of the drug dosage is necessary to 
guarantee that important health-related constraints are satisfied for 
all the possible values of the uncertainty. This paper shows that 
the responses of a simple class of PK/PD models are monotonous 
in the parameters and in the input. This greatly simplifies the 
design of a scenario-based nonlinear model predictive controller 
as just two scenarios are necessary to fully bound the system 
responses. This is illustrated with the drug dosage design for a 
model of erythropoietin injection, in which we also show the 
potential benefit of having intermediate measurements during the 
application of the therapy. 

16:10-16:30 TuC1.3 

A Two-Loop Optimization Strategy for Multi-Objective 
Optimal Experimental Design (I), pp. 803-808 

Yu, Hui Univ. of Strathclyde 

Yue, Hong Univ. of Strathclyde 

Halling, Peter Univ. of Strathclyde 

A new strategy of optimal experimental design (OED) is proposed 
for a kinetically controlled synthesis system by considering both 
the observation design and the input design. The observation 
design that combines sampling scheduling and measurement set 
selection is treated as a single optimization problem arranged in 
the inner loop, while the optimization of the input intensities is 
conducted in the outer loop. This multi-objective dynamic 
optimization problem is solved via the integration of the particle 
swarm algorithm (for the outer loop) and the interior-point method 
(for the inner loop). Numerical studies demonstrate the efficiency 
of this optimization strategy and show the effectiveness of this 
integrated OED in reducing parameter estimation uncertainties. In 
addition, process optimization of the case study enzyme reaction 
system is investigated with the aim to obtain the maximum 
production rate by taking into account of the experimental cost. 

16:30-16:50 TuC1.4 

Exploring Design Principles of Gene Regulatory Networks 
Via Pareto Optimality (I), pp. 809-814 

Otero-Muras, Irene IIM-CSIC 

Banga, Julio R. IIM-CSIC (Spanish Council for 
Scientific Res 

One central problem in systems and synthetic biology is to 
characterize the biological functions of regulatory network motifs. 
Here we consider recent model-based exploration approaches 
used to identify motifs capable of performing a specific biological 
task. In this work, we propose an optimization based strategy 
where the motivation is twofold: on the one hand, to introduce 
efficiency and optimality in the search, by using global mixed 
integer nonlinear optimization methods. On the other hand, to 
incorporate multiple design objectives (Pareto optimality), in order 
to cope with realistic trade-offs observed in nature. The potential of 
this approach is illustrated through an example where we explore 
the design principles underlying stripe-forming motifs. 

16:50-17:10 TuC1.5 

Robust Target Identification for Drug Discovery (I), pp. 
815-820 

Jacobsen, Elling KTH Royal Inst. of Tech 

Nordling, Torbjörn E.M. National Cheng Kung Univ 

A key step in the development of new pharmaceutical drugs is that 

of identifying direct targets of the bioactive compounds, and 
distinguishing these from all other gene products that respond 
indirectly to the drug targets. Currently dominating approaches to 
this problem are based on often time consuming and costly 
experimental methods aimed at locating physical bindings of the 
corresponding small molecule to proteins or DNA sequences. In 
this paper we consider target identification based on time-series 
expression data of the corresponding gene regulatory network, 
using perturbation with the active compound only. As we show, the 
problem of identifying the direct targets can then be cast as a 
linear regression problem and, in principle, be accomplished with a 
number of samples equal to the number of involved genes and 
bioactive compounds. However, the regression matrix will typically 
be highly ill-conditioned and the target identification therefore 
prone even to small measurement uncertainties. In order to 
provide a label of confidence for the target identification, we 
consider conditions that can be used to quantify the robustness of 
the identification of individual drug targets with respect to 
uncertainty in the expression data. For this purpose, we cast the 
uncertain regression problem as a robust rank problem and 
employ SVD or the structured singular value to compute the robust 
rank. The proposed method is illustrated by application to a small 
scale gene regulatory network synthesised in yeast to serve as a 
benchmark problem in network inference. 

17:10-17:30 TuC1.6 

Optimization Alternatives for Robust Model-Based Design 
of Synthetic Biological Circuits, pp. 821-826 

Boada, Yadira Univ. Pol. De València 

Pitarch, Jose Luis Univ. De Valladolid 

Vignoni, Alejandro Max Planck Inst. of Molecular 
Cell Biology and Genetics 

Reynoso-Meza, Gilberto Pontificia Univ. Católica De 
Paraná 

Picó, Jesús Univ. Pol. De Valencia 

Synthetic biology is reaching the situation where tuning devices by 
hand is no longer possible due to the complexity of the biological 
circuits being designed. Thus, mathematical models need to be 
used in order, not only to predict the behavior of the designed 
synthetic devices; but to help on the selection of the biological 
parts, i.e., guidelines for the experimental implementation. 
However, since uncertainties are inherent to biology, the desired 
dynamics for the circuit usually requires a trade-off among several 
goals. Hence, a multi-objective optimization design (MOOD) 
naturally arises to get a suitable parametrization (or range) of the 
required kinetic parameters to build a biological device with some 
desired properties. Biologists have classically addressed this 
problem by evaluating a set of random Monte Carlo simulations 
with parameters between an operation range. In this paper, we 
propose solving the MOOD by means of dynamic programming 
using both a global multi-objective evolutionary algorithm (MOEA) 
and a local gradient-based nonlinear programming (NLP) solver. 
The performance of both alternatives is then checked in the design 
of a well-known biological circuit: a genetic incoherent 
feed-forward loop showing adaptive behavior. 
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Rugstad 

Norwegian Univ. of Science & 
Tech. (NTNU) 

Organizer: Foss, Bjarne Norwegian Univ. of Science & 
Tech. (NTNU) 

15:30-15:50 TuC2.1 

Optimal Health-Aware Charging Protocol for Lithium-Ion 
Batteries: A Fast Model Predictive Control Approach (I), 
pp. 827-832 

Torchio, Marcello Univ. Degli Studi Di Pavia 



Magni, Lalo Univ. of Pavia 

Braatz, Richard D. Massachusetts Inst. of Tech 

Raimondo, Davide Martino Univ. Degli Studi Di Pavia 

Lithium-ion batteries are widely used in industry to supply different 
portable applications. Their management is handled by Battery 
Management Systems (BMSs), which are intended to ensure good 
performance (such as minimum charging time) while 
simultaneously minimizing safety risks. The use of accurate 
mathematical models can help in achieving such goals. The 
first-principles pseudo-two dimensional (P2D) model is one of the 
mostly used models for simulation but rarely used in design of 
BMSs. This model, together with a description of the capacity fade 
mechanisms occurring during battery operations, is used to design 
health-aware BMS strategies. A Model Predictive Control (MPC) 
scheme based on a linearized version of the P2D model is 
proposed in order to track a reference value of the State of Charge 
(SOC), while taking into account the aging dynamics of the system 
as well as temperature and voltage constraints. Simulations show 
the effectiveness of the approach: the tuning of the control 
parameters allows controlled operation with different tradeoffs 
between charging time and battery lifetime enhancement. 

15:50-16:10 TuC2.2 

Economic Dispatch for Microgrids with Constrained 
External Power Exchange (I), pp. 833-838 

Zachar, Michael Univ. of Minnesota 

Daoutidis, Prodromos Univ. of Minnesota 

This paper examines microgrid unit dispatch, with hourly bounds 
on energy exchange with the macrogrid and minimum storage 
level constraints. These goals can be used to meet market 
constraints and to ensure there is sufficient energy reserved for 
future periods, respectively. In particular, economic model 
predictive control is used to minimize cost while ensuring these 
scheduling goals and other operational constraints are satisfied. 
Simulation of a dynamic microgrid system over a 24-hour period 
shows that the proposed dispatch strategy is able to effectively 
reject forecasting errors and meet the established energy 
exchange and storage level goals. 

16:10-16:30 TuC2.3 

Simulation and Design Methods for Multiphase 
Multistream Heat Exchangers (I), pp. 839-844 

Watson, Harry Massachusetts Inst. of Tech 

Barton, Paul Massachusetts Inst. of Tech 

Multistream heat exchangers (MHEXs) are found in many energy 
intensive and industrially relevant cryogenic processes. However, 
design and optimization of such processes is rendered difficult by 
the inability to simulate MHEXs robustly, as most current 
flowsheet-level MHEX models solve only an energy balance with 
no constraint on second law feasibility. The new model described 
herein combines an extension of the classical pinch analysis 
algorithm with explicit dependence on the heat exchange area to 
formulate a nonsmooth equation system which can be solved for 
up to three unknown variables in an MHEX. The resulting model is 
further augmented to simulate realistic thermodynamic 
phenomena, such as phase change and equilibrium, which are 
also naturally described by additional nonsmooth equations. 

16:30-16:50 TuC2.4 

Self-Optimizing Control of a Two-Stage Refrigeration 
Cycle (I), pp. 845-850 

Verheyleweghen, Adriaen Norwegian Univ. of Science & 
Tech. (NTNU) 

Jäschke, Johannes Norwegian Univ. of Science & 
Tech. (NTNU) 

The application of self-optimizing control theory to a two-stage 
refrigeration cycle was investigated. Defining the cost function as 
the economical trade-off between the power consumption and the 
evaporator outlet temperatures, it was found that the optimal point 
of operation leaves two unconstrained degrees of freedom for 
implementing a self-optimizing control structure. We consider two 
cases: (1) where the self-optimizing control structure is designed 

to optimally reject only physical process disturbances, and (2) 
where the control structure in addition handles changes in the 
economic parameters of the cost function. The control structure is 
able to keep the process close to optimal despite disturbances and 
changes in the product prices, and thus makes a supervisory 
real-time optimization (RTO) layer unnecessary. 

16:50-17:10 TuC2.5 

Modifier Adaptation Approach to Deal with Structural and 
Parametric Uncertainty (I), pp. 851-856 

Rodríguez-Blanco, Tania Univ. of Valladolid 

Sarabia, Daniel Univ. of Burgos 

de Prada, Cesar Univ. of Valladolid 

Real-Time Optimization (RTO) is not always able to achieve 
optimal process operation due to the presence of significant 
uncertainty about the plant models that are used to make 
decisions and also due to the differences between control 
architecture layers which operate on different time-scales and use 
different kind of models.To overcome these issues the economic 
optimization problem is modified following the Modifier Adaptation 
methodology to bring the process to the real optimum despite the 
presence of uncertainty by using plant measurements. 

To deal with parametric and structural plant-model mismatch, a 
new approach is presented that combines the estimation of 
process gradients from transient and steady-state information. It 
speeds up the convergence of Modifier Adaptation methodology to 
the process optimum. The approach is illustrated through the 
simulated example of a depropanizer distillation column. 

17:10-17:30 TuC2.6 

Economic Optimization of Sawmill Residues Collection for 
Bioenergy Conversion (I), pp. 857-862 

Zamar, David Sebastian Univ. of British Columbia 

Gopaluni, Bhushan Univ. of British Columbia 

Sokhansanj, Shahab Department of Chemical and 
Biological Engineering, Univ. Of 

Ebadian, Mahmood Department of Chemical and 
Biological Engineering, Univ. Of 

The collection of sawmill residuals is an important logistic activity 
for the pulp and paper industry, which use the biomass as a 
source of energy. We study a vehicle routing problem for a 
network composed of a single depot and 25 nearby sawmills in the 
Lower Mainland region of British Columbia, Canada. The sawmills 
serve as potential suppliers of residual biomass to the depot, 
which in turn processes and distributes the sawmill residuals to the 
pulp and paper mills. This problem consists of identifying the best 
daily routing schedule for a fixed number of vehicles. The objective 
is to maximize the ratio of residual dry tonnes collected to 
kilometers traveled, while achieving a minimum daily amount of 
residual dry mass. There are several random components in the 
problem, including the availability and moisture content of the 
residuals as well as the time spent on the road to retrieve the 
residuals. We use a combination of scenario analysis and 
heuristics to solve this stochastic vehicle routing problem 
(SPVRP). 

 
  

TuC3 Room T4 

Modelling and System Identification I (Regular Session) 

Chair: Baratti, Roberto Univ. Degli Studi Di Cagliari 

Co-Chair: Liu, Tao Dalian Univ. of Tech 

15:30-15:50 TuC3.1 

Output Error Model Identification against Unexpected 
Load Disturbance, pp. 863-868 

Dong, Shijian Dalian Univ. of Tech 

Liu, Tao Dalian Univ. of Tech 

Chen, Fengwei Univ. of Lorraine 

An output error model identification method is proposed for 
industrial processes with time delay under unexpected load 



disturbance. By regarding the output response to load disturbance 
as a time-varying parameter for estimation, a least-squares 
identification algorithm is developed to simultaneously estimate all 
the model parameters including the time delay together with the 
load disturbance response. An auxiliary model is used to 
guarantee consistent estimation of the process model parameters. 
Moreover, dual forgetting factors are introduced to improve the 
convergence rates of estimating the model parameters and the 
load disturbance response, respectively. The convergence of 
parameter estimation is analyzed with a strict proof. A benchmark 
example from the literature is used to demonstrate the 
effectiveness and merit of the proposed identification method. 

15:50-16:10 TuC3.2 

Dynamics of Nonlinear Chemical Process with 
Multiplicative Stochastic Noise, pp. 869-874 

Baratti, Roberto Univ. Degli Studi Di Cagliari 

Tronci, Stefania Univ. Degli Studi Di Cagliari 

Schaum, Alexander Christian-Albrechts Univ. Zu Kiel 

Alvarez, Jesus Univ. Autonoma Metropolitana 

Motivated by problems in process design, monitoring and control, 
the effect of multiplicative stochastic uncertainty injection on the 
behavior of nonlinear dynamical system is studied with Fokker 
Plank theory for two rather simple case examples selected to draw 
rigorous results with analytic formulae. The effect of noise 
multiplicativeness on the shape of the stationary state PDF and of 
the transient one along deterministic, probability diffusion, and 
escape time scales is characterized. The findings are corroborated 
and illustrated with numerical simulations. The results provide 
insight to assist the improvement of numerical Monte Carlo and 
polynomial chaos methods for stochastic multi-state multi-noise 
dynamical chemical processes underlien by complex nonlinear 
behavior. 

16:10-16:30 TuC3.3 

Gas Phase Train in Upstream Oil & Gas Fields: PART-I 
Model Development, pp. 875-881 

Al-Naumani, Yahya Hamood Univ. of Sheffield 

Rossiter, J. Anthony Univ. of Sheffield 

Al-Bahlawi, Said Petroleum Development Oman 

The prime contribution of this paper is to provide a large scale 
system (LSS) model for the gas phase operation in upstream oil 
and gas plants. The process model consists of the three main gas 
conditioning processes which exist in most upstream oil and gas 
processing plants; these are gas sweetening, gas dehydration, 
and hydrocarbon dew-pointing. The function of such a model is to 
provide a realistic process representation to test and verify 
different process control approaches, specifically those which deal 
with highly interactive control loops. 

16:30-16:50 TuC3.4 

Discrete-Time Optimal Control of Electric Hot Water Tank, 
pp. 882-888 

Beeker, Nathanael MINES ParisTech 

Malisani, Paul EDF Lab 

Petit, Nicolas MINES ParisTech 

The paper exposes a discrete time model with three states to 
represent the dynamics of an Electric Hot Water Tank (EHWT). 
This models stands halfway between distributed parameters 
equations and totally lumped single integrators. It allows a faithful 
reproduction of observed behaviors, especially those induced by 
stratification. It is also instrumental in formulating optimal control 
problems aiming at maximizing performance under comfort 
constraints. In particular, it is shown how to recast such problems 
as a Mixed-Integer Linear Program (MILP) so that the problem can 
be solved with off-the-shelf software packages. Numerical results 
are presented. 

16:50-17:10 TuC3.5 

Online Optimal Experiment Design: Reduction of the 
Number of Variables, pp. 889-894 

Lemoine-Nava, Jose Roberto TU Dortmund 

Walter, Sebastian Univ. Heidelberg 

Körkel, Stefan Univ. Heidelberg 

Engell, Sebastian TU Dortmund 

In this work, a method for reducing the number of degrees of 
freedom in online optimal dynamic experiment design problems for 
systems described by differential equations is proposed. The 
online problems are posed such that only the inputs which extend 
an operation policy resulting from an experiment designed offline 
are optimized. This is done by formulating them as multiple 
experiment designs, considering explicitly the information of the 
experiment designed offline and possible time delays unknown a 
priori. The performance of the method is shown for the case of the 
separation of isopropanolol isomers in a Simulated Moving Bed 
plant. 

17:10-17:30 TuC3.6 

Modelling and Design of Carbon Dioxide Absorption in 
Rotating Packed Bed and Packed Column, pp. 895-900 

Thiel, Matthias RWTH Aachen Univ 

Wong, David, S.H. National Tsing-Hua Univ 

Yu, Cheng-Hsiu National Tsing Hua Univ 

Kang, Jia-Lin National Tsing-Hua Univ 

Jang, Shi-Shang National Tsing-Hua Univ 

Tan, Chung-San National Tsing Hua Univ 

This study compares the carbon dioxide capture efficiency of 
packed bed (PB) column and rotating packed bed (RPB) absorber 
by mono-ethanolamine (MEA) solution. Carbon dioxide absorption 
experiments were carried out in laboratory scale packed bed 
column and rotating packed bed at various lean carbon dioxide 
loadings of the MEA solution. They were modelled successfully by 
an ASPEN Plus advanced customer model (ACM). Using these 
models, we found that substantial savings of packing volume can 
be achieved using a series arrangement of RPB and PB for the 
CO2 capture process using 30wt% MEA solution. 

 
  

TuC4 Room T3 

Control Applications II (Regular Session) 

Chair: Puschke, Jennifer RWTH Aachen Univ 

15:30-15:50 TuC4.1 

Robust Control of a Supermarket Refrigeration System 
Using Multi-Stage NMPC, pp. 901-906 

Subramanian, 
Sankaranarayanan 

TU Dortmund 

Ahmad, Adeel TU Dortmund 

Engell, Sebastian TU Dortmund 

Using Nonlinear Model Predictive Control (NMPC), real world 
systems that are subject to stringent constraints can be controlled 
efficiently when accurate plant models are employed. Model 
uncertainties however may lead to poor performance of the 
controller and to constraint violations because of the wrong 
predictions. As in real applications, there often is a significant plant 
model mismatch, the controller must be robust to plant-model 
mismatch without deteriorating the performance of the controller 
significantly. Multi-stage NMPC is a robust scheme which has 
been proven to be less conservative than open loop worst case 
solutions because of the presence of feedback information at the 
future time stages is explicitly accounted in the problem 
formulation. In this paper, we study the application of this NMPC 
technique to a supermarket refrigeration system under uncertainty 
and show that the presence of uncertainties in the model lead to 
constraint violations when standard NMPC scheme is applied. The 
robust multi-stage NMPC scheme improves the controller 
performance by accounting for the uncertainties in the prediction 
and results in a reliable operation of the system. 

15:50-16:10 TuC4.2 

Robust Dynamic Optimization of a Semi-Batch Emulsion 
Polymerization Process with Parametric Uncertainties - a 
Heuristic Approach -, pp. 907-912 
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WePL Room T1 

Plenary III Vassily Hatzimanikatis: "Analysis and Design of 
Metabolic Networks under Uncertainty" (Plenary Session) 

Chair: Budman, Hector M. Univ. of Waterloo 

Co-Chair: Smets, Ilse KU Leuven, Department of 
Chemical Engineering, CREaS 

08:15-09:10 WePL.1 

Analysis and Design of Metabolic Networks under Uncertainty* 

Hatzimanikatis, Vassily EPFL 

Metabolic engineering and synthetic biology involve the design 
and retrofitting of genome-scale metabolic networks through the 
manipulation of enzyme activities. Efficient design requires the use 
of mathematical models that account for the reaction mechanisms 
of the enzymes, and their thermodynamic and kinetic properties. 
We present the recent developments of a workflow for the 
development of genome-scale kinetic models of metabolic 
networks. The workflow is called ORACLE (Optimization and Risk 
Analysis of Complex Living Entities) and it accounts for the 
uncertainty and incompleteness of the available experimental 
information used in model development and parametrization.  

ORACLE addresses the following fundamental problem:  

Given:  

(a) a set of observed conditions of cellular physiology,  

(b) a genome-scale stoichiometric model of metabolism,  

(c) a (partial) flux profile in this network associated with the 
physiological conditions, and  

(d) a (partial) profile of metabolite concentrations 

find 

a family of nonlinear kinetic models and the associated distribution 
of the kinetic parameters that are consistent with the information 
above. 

The availability of kinetic models of metabolic networks allows the 
development and application of methods from optimization, 
dynamics and control of process systems approaches for analysis 
and design. We will demonstrate the application of ORACLE for 
the design and optimization of the production of industrial 
chemicals by E. coli and S. cerevisiae. 

 
  

WeK1N1 Room T2 

Keynote V (Semi-Plenary Session) 

Chair: Budman, Hector M. Univ. of Waterloo 

Co-Chair: Mauricio-Iglesias, 
Miguel 

Univ. De Santiago De 
Compostela 

09:15-09:45 WeK1N1.1 

A Multi-Scale Model of the Whole Human Body Based on 
Dynamic Parsimonious Flux Balance Analysis, pp. 937-942 

Khaksar Toroghi, Masood Univ. of Toronto 

Cluett, William Univ. of Toronto 

Mahadevan, Radhakrishnan Univ. of Toronto 

The multi-scale modelling approach is a powerful mathematical 
technique for simulating and analyzing complex biological systems 
such as the human body. This tool can help study the interactions 
of the various networks in a living organism, from the cellular level 
up to the population scale, in one framework. In this paper, a 
generic mathematical model is developed that describes human 
metabolism with 237 serum metabolites integrated with a chosen 
set of human metabolic networks. A new computational approach 
is presented for solving the resulting dynamic problem using 
parsimonious flux balance analysis (pFBA). To illustrate the 
performance of the proposed approach, the human hepatocyte 
genome scale model is selected for the metabolic network to be 
included. The simulation results show that the proposed approach 

has promise with respect to both computational efficiency and 
convergence. To demonstrate the potential application of the 
developed model, prediction of amino acid biomarkers for a set of 
inborn errors of metabolism (IEM) is considered as an example. All 
the simulations are performed using MATLAB and the COBRA 
toolbox. This framework has the potential to simulate various 
human metabolic disorders to help with the diagnosis of 
associated human diseases and to suggest novel treatment 
strategies. In addition, it opens the door to new opportunities for 
personalized medicine. 

 
  

WeK1N2 Room T1 

Keynote VI (Semi-Plenary Session) 

Chair: Alvarez, Jesus Univ. Autonoma Metropolitana 

Co-Chair: de Prada, Cesar Univ. of Valladolid 

09:15-09:45 WeK1N2.1 

Stability of Multi-Phase Systems Evolving on an 
Equilibrium Manifold, pp. 943-948 

Ydstie, B. Erik Carnegie Mellon Univ 

The paper extends Gibbs tangent plane theory for equilibrium 
(infinite time) systems to a limited class of non-equilibrium (finite 
time) systems. The class of systems we consider have dynamics 
constrained to an equilibrium manifold defined by contact between 
the entropy and its supporting hyper-plane. It is established that 
points on the manifold are stabilized provided the degrees of 
freedom (boundary conditions) are chosen appropriately. The 
result is applied to the multi-component flash. The adiabatic flash 
with fixed feed conditions, constant molar hold-up and pressure 
has a unique and stable steady state. However, a flash with fixed 
product composition and fixed pressure may have multiple steady 
states. 

 
  

WeK2N1 Room T1 

Keynote VII (Semi-Plenary Session) 

Chair: Pannocchia, Gabriele Univ. of Pisa 

Co-Chair: Budman, Hector 
M. 

Univ. of Waterloo 

09:45-10:15 WeK2N1.1 

Dynamic Time to Surge Computation for Electric Driven 
Gas Compressors During Voltage Dips, pp. 949-954 

Cortinovis, Andrea ABB Switzerland Ltd 

Mercangöz, Mehmet ABB Switzerland Ltd 

Stava, Tor Olav Gassco As 

Van de Moortel, Sture ABB Switzerland Ltd 

Lunde, Erling Statoil ASA 

This paper investigates the influence of voltage dips on large 
electric driven gas compressors (EDC) considering a typical 
application in the oil and gas industry. Voltage or power dips are 
electric disturbances encountered in EDC which are mainly 
caused by faults in the electrical grid and might last for durations 
up to 150ms. For gas compression applications, the loss of driver 
torque often puts the gas compression process at risk of surge 
conditions, which is a safety critical constraint. The critical nature 
of the present problem and the fast dynamics involved, pose 
challenging requirements for the control and safety systems of the 
gas compressor and the variable-speed drive system. The main 
focus of the present paper is the dynamic computation of the time 
to surge using online information of the estimated motor torque 
and a process model to predict the future behavior of the 
compression system. The time to surge can then be used for 
ride-through or shut-down decisions of the complete system, as 
well as for manipulating safety valves, e.g. the anti-surge valve. 
The fulfillment of strict real-time requirements and their direct 
implications on the complexity of the chosen prediction model and 
the implementation of the algorithm on an embedded system are 
also addressed in this article. As an industrial case study, the 
algorithm is applied to a voltage dip situation using high fidelity 
simulation data of a compression station. 





and effective performances enhancement. 

 
  

WeA2 Room T4 

Modelling and System Identification II (Regular Session) 

Chair: Samavedham, 
Lakshminarayanan 

National Univ. of Singapore 

10:30-10:50 WeA2.1 

Machine Learning Based Framework for Multi-Class 
Diagnosis of Neurodegenerative Disease: A Study on 
Parkinson Disease, pp. 990-995 

Singh, Gurpreet National Univ. of Singapore 

Vadera, Meet Department of Mechanical 
Engineering, Indian Inst. of Tech 

Samavedham, 
Lakshminarayanan 

National Univ. of Singapore 

Lim, Erle Chuen-Hian Department of Neurology, 
National Univ. Health System, 

Nati 

A new era of intelligent medical diagnostics is emerging with the 
development of machine learning-based algorithms to diagnose 
neurodegenerative diseases (NDDs). In the present work, we 
discuss an innovative framework that uses principal component 
analysis (PCA) for feature extraction, Fisher discriminant ratio 
(FDR) for feature selection and support vector machines (SVM) for 
classification of Healthy controls, Parkinson's Disease and 
SWEDD subjects. We have extended our framework to handle the 
challenge of multi-class disease diagnosis, wherein, accuracy up 
to 100% has been achieved. This demonstrates the potential of 
the present methodology to be developed into a clinical relevant 
diagnostic and decision support system. 

10:50-11:10 WeA2.2 

Hydrocyclone Cut-Size Estimation Using Artificial Neural 
Networks, pp. 996-1001 

van Loggenberg, Sarita North-West Univ. Potchefstroom 

van Schoor, George North-West Univ 

Uren, Kenneth Richard North-West Univ 

van der Merwe, Frederik North-West Univ 

The hydrocyclone is widely used throughout the mineral 
processing industry when working with slurries. It is either used for 
classifying, desliming or dewatering. Hydrocyclones are 
inexpensive, application-efficient and relatively small to employ. In 
order to quantify its separation efficiency, models are utilised to 
estimate the cut-size and sharpness of classification coefficient, 
usually in the form of a partition curve. Most models are based on 
experimentally obtained data and are therefore not always 
universally applicable. Over the last decade researchers have 
started employing Artificial Neural Networks (ANNs) in order to 
obtain a dynamic model. This study endeavoured to use 
experimentally acquired data to develop models that predict the 
cut-size. The models are discussed and evaluated in detail and 
the best predicting model was compared to a conventional model 
from literature. 

11:10-11:30 WeA2.3 

Parameter Estimation and Model Order Identification of 
LTI Systems, pp. 1002-1007 

Varanasi, Santhosh Kumar Indian Inst. of Tech. Hyderabad 

Jampana, Phanindra Indian Inst. of Tech. Hyderabad 

In this paper, a sparsity seeking optimization method for 
estimating the parameters along with the order of output error 
models of single-input and single-output (SISO), linear time 
invariant (LTI) system is proposed. It is demonstrated with the help 
of simulations that the proposed algorithm gives accurate 
parameter and order estimates on a variety of systems. 

11:30-11:50 WeA2.4 

Identication of Wiener Models in the Presence of ARIMA 
Process Noise, pp. 1008-1013 

Aljamaan, Ibrahim Univ. of Calgary 

Westwick, David Univ. of Calgary 

Foley, Michael Univ. of Calgary 

In this paper, a Prediction Error based algorithm is developed for 
the identification of a Wiener system, a linear dynamic subsystem 
followed by a static non-linearity, in the presence of a 
non-stationary disturbance added before the static non-linearity. 
This structure represents a non-stationary process disturbance, as 
is common in chemical process control applications. In the 
proposed method, the disturbance part is restructured to be 
stationary by differencing the input signal and implicit differencing 
of the unmeasured intermediate signal. First, an approximate but 
linear in the variables model is fitted, and used to construct an 
initial estimate of a parametric system model. This is then refined 
using a quasi-Newton optimization. Finally, Monte-Carlo simulation 
is used demonstrate the performance of the algorithm. 

11:50-12:10 WeA2.5 

Identification of Linear Dynamic Systems Using Dynamic 
Iterative Principal Component Analysis, pp. 1014-1019 

Maurya, Deepak Indian Inst. of Tech. Madras 

Tangirala, Arun K. Indian Inst. of Tech. Madras 

Narasimhan, Shankar Indian Inst. of Tech. Madras 

The paper is concerned with identifying models from data that 
have errors in both outputs and inputs, popularly known as the 
errors-in-variables (EIV) problem. The total least squares 
formulation of the problem is known to offer a few well-known 
solutions. In this work, we present a novel and systematic 
approach to the identification of linear dynamic models for the EIV 
case in the principal component analysis (PCA) framework. A 
methodology for the systematic recovery of the process model, 
including the determination of order and delay, using what we term 
as dynamic, iterative PCA is presented. The core step consists of 
determining the structure of the constraint matrix by a systematic 
exploitation of the stacking and PCA order, input-output 
partitioning of the constraint matrix and an appropriate rotation. 
Optimal estimates of the (input-output) noise covariance matrices 
are also obtained. The proposed method can be applied to a 
broad class of linear processes including the case of unequal and 
unknown error variances. Simulation results are presented to 
demonstrate the effectiveness and consistency of the proposed 
method. 

 
  

WeA3 Room T3 

Performance and Fault Monitoring III (Regular Session) 

Chair: Hovd, Morten Norwegian Univ. of Science & 
Tech. (NTNU) 

Co-Chair: Shah, Sirish L. Univ. of Alberta 

10:30-10:50 WeA3.1 

An Adaptive Non-Linearity Detection Algorithm for Process 
Control Loops, pp. 1020-1025 

Aftab, Muhammad Faisal Norwegian Univ. of Science & 
Tech. (NTNU) 

Hovd, Morten Norwegian Univ. of Science & 
Tech. (NTNU) 

Huang, N Central Univ 

Sivalingam, Selvanathan Siemens AS 

Non-linearities are considered to be a major source of oscillations 
and poor performance in industrial control systems, as 20-30 % of 
loops are reported to be oscillating due to valve non-linearities. 
This fact has led to a significant effort aimed at the detection and 
diagnosis of non-linearities; in particular for valve non-linearities in 
the control loops. The current paper presents an adaptive 
algorithm, based on HHT (Hilbert Huang Transform), for 
non-linearity detection and isolation in process systems. The HHT 
is an adaptive data analysis technique that is applicable to 
non-linear and non-stationary time series. An index termed the {it 
Degree of Non-Linearity} (DNL), based on intra-wave frequency 
modulation, is used to identify the presence of non-linearity in the 









Treatment (Invited Session) 

Chair: Smets, Ilse KU Leuven, Department of 
Chemical Engineering, CREaS 

Co-Chair: Villez, Kris Eawag 

Organizer: Smets, Ilse KU Leuven, Department of 
Chemical Engineering, CREaS 

Organizer: Villez, Kris Eawag 

13:00-13:20 WeB3.1 

Non-Linear Data Reconciliation for a Partial Nitritation 
(Sharon) Reactor (I), pp. 1139-1144 

Le, Quan Ghent Univ 

Verheijen, Peter J.T. Delft Univ. of Tech 

Mampaey, Kris E. Ghent Univ 

van Loosdrecht, Mark TU Delft 

Volcke, Eveline Ghent Univ 

This work demonstrates the usefulness of non-linear data 
reconciliation to evaluate available measurements and estimate 
unmeasured variables for a full-scale partial nitritation (SHARON) 
reactor for the treatment of wastewater with high ammonium 
concentrations. Despite the lack of some measured data, the 
bilinear approach allowed to satisfy the requirements for data 
reconciliation and gross error detection, leading to a balanced data 
set and the estimation of unmeasured variables. 

13:20-13:40 WeB3.2 

On the Use of Shape-Constrained Splines for Biokinetic 
Process Modeling (I), pp. 1145-1150 

Masic, Alma Eawag 

Srinivasan, Sriniketh EPFL 

Billeter, Julien EPFL 

Bonvin, Dominique EPFL 

Villez, Kris Eawag 

Identification of mathematical models is an important task for the 
design and the optimization of biokinetic processes. Monod or 
Tessier growth-rate models are often chosen by default, although 
these models are not able to represent the dynamics of all 
bacterial growth processes. This imperfect representation then 
affects the quality of the model prediction. This paper introduces 
an alternative approach, which is based on constraints such as 
monotonicity and concavity and the use of shape-constrained 
spline functions, to describe the substrate affinity with high 
parametric flexibility. This way, the difficult task of searching 
through potentially incomplete rate-model libraries can be 
circumvented. A simulated case study is used to illustrate the 
superiority of the proposed method to represent non-ideal growth 
conditions, where neither Monod nor Tessier kinetics offer a good 
approximation. 

13:40-14:00 WeB3.3 

Bioflocculation and Activated Sludge Separation: A PLS 
Case Study (I), pp. 1151-1156 

Smets, Ilse KU Leuven, Department of 
Chemical Engineering, CREaS 

Gins, Geert KU Leuven 

Van De Staey, Glenn KU Leuven - Department of 
Chemical Engineering 

Sedimentation and filtration are the most common techniques for 
activated sludge separation in wastewater treatment plants. Using 
partial least squares (PLS), the influence of bioflocculation related 
variables on removal effiency was assessed. Small particles and 
dissolved polysaccharides are deemed detrimental for filtration, 
while hydrophobic large flocs improve the filtration performance. 
Settling worsens when filaments are present and improves with 
the presence of large flocs. The potential of using PLS is 
demonstrated, although more measurements and samples of a 
wide diversity would improve the modeling performance. Such 
models can then pinpoint crucial measurements for bioflocculation 
monitoring in relation to separation performance in wastewater 
treatment plants. 

14:00-14:20 WeB3.4 

Control of Wastewater N2O Emissions by Balancing the 
Microbial Communities Using a Fuzzy-Logic Approach (I), 
pp. 1157-1162 

Boiocchi, Riccardo Tech. Univ. of Denmark 

Gernaey, Krist Tech. Univ. of Denmark 

Sin, Gurkan Tech. Univ. of Denmark 

In this work, a fuzzy-logic controller for minimization of the nitrous 
oxide emission from wastewater treatment plants is developed and 
tested in a simulation environment. The controller is designed in 
order to maintain a balance between production and consumption 
of nitrite by AOB and NOB microorganisms respectively. Thus, 
accumulation of nitrite is prevented and AOB denitrification, the 
main N2O producer, is drastically slowed down. The controller is 
designed to adjust the oxygen supply according to a measured 
parameter which typically indicates the ratio of the activity of NOB 
over AOB. The controller is tested on a benchmark simulation 
model describing the production of N2O during both AOB 
denitrification and HB denitrification. Comparisons between 
simulation results of open-loop and closed-loop have revealed the 
potential of the controller to significantly reduce the amount of 
N2O emitted (approximately 35%). On the other side, this 
reduction of N2O was accompanied by an increase in the aeration 
costs. Moreover, a plant performance evaluation under dynamic 
disturbances shows that the effluent quality is compromised due to 
higher requirements of organic carbon by denitrifying heterotrophs. 
The controller can therefore be considered effective for the 
reduction of N2O production by AOB but would need to be 
coupled with a secondary control strategy ensuring a complete 
oxidation of the nitrogen oxides by heterotrophs to have a good 
effluent quality. 

14:20-14:40 WeB3.5 

Full-Scale Implementation of an Advanced Control System 
on a Biological Wastewater Treatment Plant (I), pp. 
1163-1168 

Mulas, Michela Aalto Univ. - School of 
Engineering 

CORONA, Francesco Aalto Univ. School of Science 

Sirviö, Jukka Mipro Oy 

Hyvönen, Seppo Mipro Ltd 

Vahala, Riku Aalto Univ 

The implementation of a multivariable control package for the 
real-time control and supervision of a biological wastewater 
treatment plant is reported and discussed. The goal is to improve 
the plant operation in terms of effluent quality and operational 
costs. A dynamic matrix control algorithm is put into operation for 
controlling the ammonia concentration at the end the biological 
reactor in the activated sludge process. The status of the plant 
instrumentation is continuously monitored by multivariate statistical 
technology based on moving windows principal component 
analysis. Results of the first six months of continuous operation 
show the ability of the designed predictive control in reducing the 
aeration energy consumption whilst keeping the ammonia 
concentration in the effluent within the limits. 

14:40-15:00 WeB3.6 

Dynamic Modelling of an Anaerobic Digester for Wastes at 
the Territory Level (I), pp. 1169-1174 

Adouani, Nouceiba Univ. De Lorraine 

Pons, Marie-Noelle Univ. De Lorraine 

Hreiz, Rainier Univ. De Lorraine 

Pacaud, Stéphane Univ. De Lorraine 

The operation of an anaerobic digestion located on a farm and 
primarily fed by cattle slurry and manure, has been simulated 
using the Anaerobic Digestion Model 1. The effect of seasonally 
varying temperature on the biological reactions has been taken 
into account, as well as the non-availability of cattle slurry in 
summer. This can be compensated by co-digesting other 
substrates easily found in the vicinity of the farm such as glycerol 
(waste from biodiesel production) or roadside green weed silage. 



 
  

WeB4 Room T4 

Inferential Sensing, State Estimation and Sensor 
Development II (Regular Session) 

Chair: Swartz, Christopher 
L.E. 

McMaster Univ 

Co-Chair: Shardt, Yuri Univ. of Duisburg-Essen 

13:00-13:20 WeB4.1 

A Multi-Rate Moving Horizon Estimation Framework for 
Electric Arc Furnace Operation, pp. 1175-1180 

Shyamal, Smriti McMaster Univ 

Swartz, Christopher L.E. McMaster Univ 

Electric arc furnaces (EAFs) are widely used in steel industries to 
produce molten steel from scrap metal. EAF operation, being a 
highly energy intensive process, is characterized by a limited 
number of measurements at multiple rates, most of which do not 
correspond to system states. The ability to estimate the states 
would enhance the application of control and real-time 
optimization strategies. In this work, a multi-rate moving horizon 
estimation (MHE) framework for EAF operation under flat-bath 
conditions is introduced and implemented. Key features are the 
restructuring of the MHE problem to a parameter estimation 
problem, multi-rate measurement handling, and use of a nonlinear 
model. The approach is implemented in the gPROMS (General 
Process Modeling System) modeling language. The components 
of the framework are presented, and the method is applied to a 
case study illustrating its performance. 

13:20-13:40 WeB4.2 

Phase Partition for Nonlinear Batch Process Monitoring, pp. 
1181-1186 

Liu, Jingxiang Dalian Univ. of Tech 

Liu, Tao Dalian Univ. of Tech 

zhang, jie Newcastle Univ 

A window-based step-wise sequential phase partition method is 
proposed for monitoring nonlinear batch processes with 
multiphase operations. The three-dimensional batch data are 
unfolded in the batch-wise direction to facilitate establishing the 
kernel principle component analysis (KPCA) models. A moving 
window is introduced to maintain the kernel parameters 
unchanged for computation while preserving the time sequence of 
different phases, thus capable of significantly reducing the storage 
space of kernel matrices and the computation complexity. A 
numerical case and a penicillin fermentation process are used to 
demonstrate the effectiveness and merit of the proposed method. 

13:40-14:00 WeB4.3 

Comparative Study of Multicomponent Distillation Static 
Estimators Based on Industrial and Rigorous Model 
Datasets, pp. 1187-1192 

Torgashov, Andrei FEB RAS 

Skogestad, Sigurd Norwegian Univ. of Science & 
Tech. (NTNU) 

Kozlov, Alexey Gazpromneft-Omsk Refinery 

The comparative study of static estimators (soft sensors) for 
multicomponent distillation process based on the industrial and 
calibrated rigorous model datasets is considered. The sequence of 
distillation columns of FFC unit is analyzed as industrial case 
study. The contribution of the paper is to develop a method aimed 
to incorporate a priori knowledge about process in terms of 
rigorous models for static estimator design when the training 
sample is small and contains measurement errors. The superiority 
of constrained optimization approach for SE design over 
conventional robust M-estimator is reported. The system of 
constraints is derived from calibrated rigorous model of industrial 
plant. 

14:00-14:20 WeB4.4 

Development of Soft Sensors for the Case Where the Time 
Delay Is Random, pp. 1193-1198 

Shardt, Yuri Univ. of Duisburg-Essen 

Yang, Xu Univ. of Science and Tech. 
Beijing 

Time delay and sampling rate are two conditions that can make 
the design and implementation of soft sensors difficult due limiting 
the amount of information that can be obtained about the true 
process. Another wrinkle is the fact that neither of these two 
parameters are necessarily constant, with the value changing due 
to changes in the process. One such area of concern is the hot 
steel mill rolling process, where variable time delay can lead to 
problems with controlling the process. This paper seeks to 
examine the appropriate design of the bias update term of the soft 
sensor in light of variable, but known, time delays for a process 
operating with constant sampling rate and for both open- and 
closed-loop conditions. Using a mathematical approach to the 
problem, the previous results are extended to consider such a 
case. It is shown that if the process has variable time delay, then 
designing the bias update term in the soft sensor is very important, 
as it can have implications for process stability and trackability. 
Simulations are included to show the impact of different bias 
update terms. 

14:20-14:40 WeB4.5 

Robust Observation Strategy to Estimate Unknown Inputs, 
pp. 1199-1204 

Torres, Ixbalank Univ. De Guanajuato 

Vargas, Alejandro Inst. De Ingenieria UNAM 

Buitron, German Inst. De Ingenieria UNAM 

This article presents a robust estimation strategy to reconstruct 
unknown inputs for nonlinear systems. The observer proposed 
consists of a Luenberger observer, which estimates the internal 
states of the system, coupled to a super-twisting observer, which 
reconstructs the unknown input considering the precedent 
estimations. The feasibility of the strategy is demonstrated for a 
real biohydrogen production process. 

14:40-15:00 WeB4.6 

On-Line Estimation of the Reactions Rates from Sampled 
Measurements in Bioreactors, pp. 1205-1210 

Bouraoui, Ibtissem GREYC 

Farza, Mondher Univ. De Caen, ENSICAEN 

Ménard, Tomas Univ. De Caen 

Ben Abdennour, Ridha Enig, Conpri 

M'Saad, Mohammed GREYC 

Simple high gain observer-based estimators which allow the 
estimation of the reaction rates from the measurements of 
component concentrations inside bioreactors are presented. The 
main properties of these estimators lie in the fact that the 
measurements of the component concentrations are non available 
in a continuous manner, as generally assumed in most available 
algorithms, but only at sampling instants. The proposed 
estimators, called continuous-discrete observer, result from the 
design of available estimators which assume the availability of the 
measurements in a continuous manner. It is shown that for 
relatively small values for the sampling periods, which may be 
time-varying, the proposed continuous-discrete observers inherit 
the same performance as the purely continuous observers in 
terms of the accuracy of estimation and sensitivity to noise 
measurements. Simulations results dealing with typical bioreactor 
example are given in order to illustrate the performance and the 
main properties of the proposed estimators. 
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