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ABSTRACTS


	A new method for deriving reduced models of one-dimensional distributed systems
A. Linhart, NTNU, Trondheim/NL

Abstract: A new method for deriving reduced models of one-dimensional distributed systems is presented. The method is based on describing the system as piece-wise steady-state systems connected by dynamic elements. 

The method can be applied to both discrete (lumped) systems described by ordinary differential or differential-algebraic equations and continuous systems described by partial differential equations. A comprehensive study of a reduced distillation column model including numerical and implementation details is presented. While yielding a good approximation accuracy, the simulation time is decreased several times. As further examples, the application of the method to heat exchangers and fixed-bed reactors is presented.


Presentation



	An Efficient Computational Strategy for Dynamic Real-Time Optimization
L. Würth, RWTH Aachen University/D


Abstract: Model predictive control is now a state-of-the-art technology for process plants operating in a continuous mode at a given set-point. Whereas a standard MPC controller usually employs linear models and regulates the plant operation at a given set-point in the presence of uncertainties, Dynamic Real-Time Optimization (DRTO) can provide an economically profitable and flexible operation adapted to changing market conditions by solving a dynamic optimization problems online with rigorous nonlinear models. Compared to decentralized control systems and linear model predictive control schemes, dynamic real-time optimization (DRTO) covers a broader range of operating conditions and allows the prediction of optimal transitions like e.g. load changes. However, the solution of optimization problems with nonlinear, possibly stiff models carries a substantial computational load. The efficient solution of complex dynamic optimization problems with nonlinear models still remains a challenge for model-based control applications.

For this reason, research currently focuses on reducing the complexity of the models as well as developing efficient algorithms for solving dynamic optimization problems in real-time. To reduce the computational time required for online computation of optimal trajectories in the neighborhood of the optimal solution under uncertainty, different strategies have been explored recently. If the operation is affected by small perturbations in the neighborhood of the nominal optimal solution, efficient techniques for updating the nominal trajectories based on parametric sensitivities can be applied, which do not require the solution of the rigorous optimization problem. However for larger perturbations and strong nonlinearities, the fast updates obtained by the neighboring-extremal solutions are not sufficiently accurate, and the solution of the nonlinear optimization problem requires further iterations with updated sensitivities to give a feasible and optimal solution. The sensitivity-based approach of [1] uses a fast computational method for second-order derivatives based on composite adjoints to update the second-order sensitivities online. Furthermore, the uncertainty in the states and parameters estimated online is incorporated through the parametric sensitivities. The application of the method to a simulated semi-batch reactor demonstrates that fast and optimal trajectory updates can be obtained.

Furthermore, the efficient computational methods can be combined with model reduction to reduce the computational load of large-scale models in online applications. However, because of their reduced accuracy, the benefits of using reduced models in dynamic real-time optimization and control have to be investigated carefully. The computational load of reduced and rigorous distillation column models are compared when applied in the dynamic real-time optimization algorithm for receding horizon control. 

[1] Lynn Würth, Ralf Hannemann and Wolfgang Marquardt. An Efficient Strategy for Real-Time Dynamic Optimization Based on Parametric Sensitivities. Proceedings of the IFAC World Congress, 7-12 July 2008, Seoul.
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	Model Based Optimization in Process Control - Potentials and Challenges

J. Birk, BASF SE, Ludwigshafen/D

Abstract: The status quo of process control in BASF will be described. This covers typical quantity structures and the technology push regarding system infrastructure. Success stories show typical benefits of model based optimization in practice and are a trigger for an increasing market pull in this area. In the talk, especially challenges and numerous requirements for successful applications will be discussed.  
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	Nonlinear MPC via novel nonlinear multi-parametric programming techniques
D. Narciso, Imperial College, London/GB

Abstract: Multi-parametric programming offers a very promising framework for the development of off-line based parametric controllers in the context of linear Model Predictive Control (MPC), (Pistikopoulos et al, 2007 a,b). However, while advances have been made in nonlinear multi-parametric programming, its application to nonlinear MPC has only recently started to receive some attention. A key reason for this is that the derivation of explicit parametric solutions for general non-linear optimal control problems is quite a challenging and formidable task.

In this work, we propose (i) a novel algorithm for the solution of convex nonlinear multi-parametric programming problems, and (ii) a framework for nonlinear MPC via multi-parametric programming. For (i), based on our previous work, (Dua et al, 2004), we introduce a vertex-based strategy for convex nonlinear multi-parametric programming problems, in which the parameters appear only in the RHS of the constraints. Linear approximations of both the critical regions and the parametric optimal solutions can be obtained. For (ii), we describe a framework for nonlinear MPC, which involves step (i) above coupled with a suitable model reduction step. Extensions towards handling the presence of parameters in the objective function, which requires a global optimization approach, are also discussed. An illustrative example is used throughout to highlight the key concepts and steps of the proposed approach.

References

Pistikopoulos, E. N, Georgiadis, M. C., Dua, V. (2007a) Multi-Parametric Programming (Volume 1), Wiley-VCH, Weinheim.

Pistikopoulos, E. N, Georgiadis, M. C., Dua, V. (2007b) Multi-Parametric Model-Based Control (Volume 2), Wiley-VCH, Weinheim.

Dua, V, Papalexandri, K., Pistikopoulos, E. N, (2004), Journal of Global Optimization, 30.
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	Model reduction using block structures

O. Naeem, Delft University of Technology/NL

Abstract: In this presentation, the focus will be on approximating original model of process systems using block structures. Hammerstein structures have been used so far to approximate the process’s mathematical model. 

Initially I/O (input-output) Hammerstein structure had been used but the technique has been extended to I/S (input-state) Hammerstein structure. The latter gives good approximation of the original system. The I/S Hammerstein structure provides opportunities for model reduction in sense of lowering the computational load.

The methodology has been applied to a high purity distillation benchmark and satisfactory results are obtained as far as approximation is concerned.
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	Model-reduction for control and estimation in subsurface oil reservoirs

J.-D. Jansen, Delft University of Technology/NL


Abstract: An emerging method to increase the recovery from oil reservoirs is the application of measurement and control techniques to better control subsurface flow over the life of the reservoir. In particular the use of sensors and remotely controllable valves in wells and at surface, in combination with large-scale subsurface flow models is promising. Various elements from process control may play a role in such ‘closed-loop’ reservoir management, in particular optimization, parameter estimation and model reduction techniques. This presentation will address these system theoretical aspects of subsurface porous medium flow, and in particular discuss the scope to use proper orthogonal decomposition to speed up model parameter estimation and flooding optimization.
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	A grey-box modeling approach for the reduction of nonlinear systems

R. Romijn, RWTH Aachen/D

Abstract: A novel model reduction methodology to approximate large-scale nonlinear dynamical systems is presented. The methodology amounts to finding computationally efficient substitute models for the nonlinear subsystems. Model reduction is pursued by viewing the system as a grey-box (or hybrid) model with a mechanistic (white-box) component and an empirical (black-box) component. Before identifying the substitute model, the mechanistic subsystem is reduced by projection using proper orthogonal decomposition. Subsequently, the empirical component is identified by parameter estimation to substitute the nonlinear subsystem. As a consequence, a reduced model with less nonlinear complexity is obtained.
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	Model Reduction of Large Scale Dynamical Systems 

S. Wattamwar, Eindhoven University of  Technology/NL

Abstract: A rigorous modeling of many chemical processes is usually a formidable task. The distributed spatial nature, the combined physical, chemical and thermodynamic effects, presence of different time scales, accompanied by reactive flow patterns usually leads to large-scale dynamical models. Things become more difficult when the geometric parameters of the process undergo changes due to wear and corrosion. Tools from Computational Fluid Dynamic (CFD) models are the usual way of modeling such processes which relay on discretization of spatial and temporal information. Depending on requirement and accuracy, CFD models leads to large-scale and computationally slow models that are inadequate for (on-line) model based control design and/or optimization purposes. Glass Manufacturing being one of such industrial example. 

Motivated by these problems we propose a strategy which identifies computationally faster and smaller dimensional models. The strategy is based on separating the spatial and temporal information of the system. The identified reduced linear models approximate the temporal evolution of CFD state space information quite well. It is shown that such models can be used for control purposes. We will also present a way to accommodate corrosion effects (parameter uncertainty) in glass manufacturing furnaces in the proposed model reduction framework. The general method can be applied to other similar large scale systems. 
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	Control within the papermaking process
H.-J. Post, Dr. J. Haag, Voith Paper Automation GmbH & Co. KG

Abstract: Voith, as a major supplier to the Paper industry, faces new challenges. Our customers ask for more productivity and thus better process stability and optimised concepts. This necessitates adapted chemical systems and control algorithms together with the right process setup.

Paper mill managers focus more and more on energy consumption and water intake. Consequently, tools for enhancing energy integration and optimisation of water usage are essential for the future. Process simulation is one important tool for Voith to achieve a better understanding of the interactions of plant design and operation procedures. 

Voith Paper Automation is Voith Paper's subdivision for sophisticated DCS and QCS and offers a complete set of Automation products especially suited for Paper Machines and related processes. Its portfolio ranges from basic control engineering to dedicated control packages for Machine Directional and Cross Directional Quality Parameters including scanning measurement devices and information and reporting system software. The basic research and development of Voith Paper Automation products is directly supported by the close collaboration with the technology specialists at Voith Paper.
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	Computational load

P. Rolandi, PSE Ltd., London/GB

Abstract: The last decade witnessed the reduction of major commercial software providers of CAPE tools and consolidation of their process modelling packages. The (Global) CAPE-OPEN project targeted the development of open software architectures for computer-aided process modelling and simulation. The results of this initiative provided a framework that formalised the notion of a model-server, a software abstraction of the information and mechanisms required by model-clients, enabling the division of models, solution algorithms and model-based applications. Today, this framework promoted by the CAPE-OPEN standards is the backbone of state-of-the-art modelling and solution engines such as gPROMS (PSE Ltd).

As models grow in size, complexity, fidelity and predictive accuracy, they also become more computationally expensive to solve. Unfortunately, it is difficult to predict the impact that changing the characteristics of a model, the nature/configuration of the solution algorithms or the formulation of the corresponding engineering/mathematical problem may cause on the final computational speed. Overall, model developers, model users and application developers recognise the lack of a unifying and systematic study on the factors affecting the computational cost of models of arbitrary complexity implemented in CAPE tools. 

This work presents a general framework for analysis of computational load not only from a theoretical perspective but also a practical, experimental one. The framework is centred on three components: i) the model of the system (the model), ii) the model of the mathematical/engineering problem (the problem) and iii) the numerical solution method(s) used for solving the combined model/problem formulation (the solver(s)). Each component contributes to the overall computational load in a specific way as a result of its nature and its interaction with other components. The framework further classifies computational load as arising from four mayor elements: i) the time spent on expression evaluations encapsulated in the model, ii) the time spent on solver calls, iii) the time spent on foreign services external to the core modelling-and-solution engine, and iv) the time spent on overheads.

We present the results of several simulation studies, where the effects of model/problem/solver choices on the solution speed are quantified and explained from a semi-theoretical perspective. Benchmark-like guidelines are provided, and modelling practices having a significant impact on the overall solution speed are highlighted. Insights into programming and software engineering aspects influencing the computational cost (overheads) are also discussed.
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	Validation and Assessment of Reduced Models on an Industrial Distillation Column Model
L. Ozkan, IPCOS BV, Boxtel/NL;  S. de Graaf, Cybernetica AS, Trondheim/NO

Abstract: Chemical industries require a better understanding of their processes to cope with and adapt to the dynamic market demand. Fortunately, detailed complex mathematical models can fulfil this requirement. However, the use of such models in online applications like model-based control, optimization and soft sensing in most cases is computationally costly.

In this work, we present the performance of two model reduction techniques in obtaining reduced models for an industrial high purity distillation column from the STATOIL HYDRO plant in Karsto, Norway. It has 92 theoretical trays for the separation of a 4 component mixture. The mathematical model has 465 differential and 736 algebraic equations.

The two model reduction techniques implemented are the method of tray aggregation and the method of proper orthogonal decomposition followed by system identification or Galerkin projection. The tray aggregation method was first introduced for a simplified distillation model with constant hold-ups and flows, and has been extended to complex distillation models with variable hold-ups, energy balances and complex hydrodynamics by. The method is based on selecting a number "aggregation trays" in the column, the dynamics of which are slowed down, while the remaining trays are approximated as in quasi-steady-state. On the other hand, proper orthogonal decomposition (POD) followed by Galerkin projection is a technique applied for model reduction of large scale nonlinear systems and systems that involve the solution of partial differential equations. POD finds an orthonormal basis that spans a lower finite dimensional subspace which represents a set of signals from an ensemble created by the simulation of a system or by the experimental data for a set of inputs. Projection of the system equations on the most dominant POD basis functions (Galerkin projection) results in reduced order models. Alternatively, system identification techniques can be applied between the inputs and the output data obtained by projecting the simulated data onto the basis functions.

The reduced models are assessed in open loop with respect to their computational accuracy/performance and with respect to the interaction between the inputs and the outputs. In closed loop, they are assessed with respect to their computational performance. The accuracy assessment involves comparing the control relevant output trajectories of the full and the reduced models by using a norm measure. Computational performance describes how much computational effort is needed to simulate a reduced model to achieve a certain model accuracy. It is also essential to check whether certain characteristics of the full model relevant to the further application are retained in the reduced model. Therefore, reduced models are also assessed using the interaction analysis tools like dynamic gain array and singular value decomposition.
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