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Schedule

Thursday, April 7
Time Event / Talk

08:00-08:50 Registration

08:50-09:00 Welcome remarks
1. SESSION Session Chair: Volker Mehrmann

09:00-09:50 Hector Ramirez: On the passivity based control of irreversible processes: a port-
Hamiltonian approach

09:50-10:20 Philipp Schulze: On the Port-Hamiltonian Structure of the Navier-Stokes Equations for
Reactive Flows

10:20-10:50 Coffee break
10:50-11:20 Flávio Luiz Cardoso-Ribeiro: Port-Hamiltonian modeling and control of a fluid-structure

system

11:20-11:50 Sara Grundel: Port Hamiltonian Modelling of Gas Networks

11:50-12:20 Onno Bokhove: Rogue wave impact on amplified wave-energy buoys: a mathematical
and numerical study

12:20-14:00 Lunch break
2. SESSION Session Chair: Carsten Hartmann

14:00-14:50 Peter Breedveld: On the importance of a proper use of energy functions in transport
models

14:50-15:20 Matthijs de Jong: Comparison of Stabilization of Piezoelectric Euler-Bernoulli Beam
Models

15:20-15:50 Coffee break
15:50-16:20 Micha l Maciejewski: Port-Hamiltonian Modelling of Electro-Thermal Coupling in Super-

conducting Magnets

16:20-16:50 Jonas Ghini: Towards a Port–Hamiltonian Description Superfluid Helium in LHC Magnets

16:50-17:20 Bernhard Auchmann: PH Representation of RLC Network Equations

17:20-17:50 Lorenzo Bortot: Port-Hamiltonian Formulation of Circuit-FEM Coupling for Supercon-
ducting Magnet Circuits

19:00 Conference dinner

Friday, April 8
Time Event / Talk

3. SESSION Session Chair: Serkan Gugercin

09:00-09:50 Arjan van der Schaft: Modeling for control of power networks

09:50-10:20 Hans Zwart: Discussion on differential algebraic port-Hamiltonian systems
10:20-10:50 Coffee break
10:50-11:20 Yann Le Gorrec: On the use of structural invariants for control design of infinite dimen-

sional port Hamiltonian systems

11:20-11:50 Punit Sharma: On structured distances to instability for port-Hamiltonian systems

11:50-12:20 Timo Reis: Dissipative Differential-Algebraic Systems
12:20-14:00 Lunch break

4. SESSION Session Chair: Hector Ramirez

14:00-14:50 Carsten Hartmann: Information barriers and robustness of reduced-order models, with
application to control of Hamiltonian systems

14:50-15:20 Björn Liljegren-Sailer: Model order reduction for a port-Hamiltonian-like system describ-
ing semi-discretized gas pipe networks

15:20-15:50 Coffee break
15:50-16:20 Serkan Gugercin: Structure-preserving model reduction for nonlinear port-Hamiltonian

systems

16:20-16:50 Yasser Bouzid: Control and Guidance laws for Multi-rotor UAV : Energy optimization
point of view

16:50-17:00 Closing remarks

All presentations will take place in the lecture room MA 041, which is located on the ground floor of the

math building (see map on the back-cover).
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Bernhard Auchmann bernhard.auchmann@cern.ch

PH Representation of RLC Network Equations

B. Auchmann1, L. Bortot2, and M. Maciejewski3

1CERN, TE-MPE, bernhard.auchmann@cern.ch
2CERN, TE-MPE, lorenzo.bortot@cern.ch
3CERN, TE-MPE, Lodz University of Technology, michal.maciejewski@cern.ch

A combination of the loop-current method and the cutset-voltage method can be used to
solve the network equations of general RLC networks [1, 2]. It is well established [3] that,
from an algebraic-topological perspective, a network graph is a 1-D complex. Currents are
1-chains, and voltages 1-cochains. The loop-current method represents the all currents that
fulfil the Kirchhoff current law as elements of the homology group of the complex. If Z1

denotes the set of 1-D cycles (loops), and B1 denotes the space of 1-D boundaries (i.e.,
the empty set on a 1-complex), then the first homology group is H1 = Z1/B1 = Z1,
which is just the space of loops, i.e., loop currents. The cohomology group is defined as
H1 = Z1/B1 = C1/B1, where H1 is the cohomology group, Z1 is the space of cocycles,
which is equal to the space of cochains on a 1-D complex, and B1 is the space of cobound-
aries. Voltages satisfying the Kirchhoff voltage law are found in the zero cohomology class,
i.e., in the space of boundaries B1.

The algebraic-topological perspective on the cutset-voltage method is lesser known and is
the subject of this contribution. Furthermore, we present the combination of both methods
for the solution of general RLC networks, as well as the port-Hamiltonian representation of
the network equations and a bond-graph representation.

References

[1] L. O. Chua and P. M. Lin. Computer-Aided Analysis of Electronic Circuits: Algorithms and Com-
putational Techniques. Prentice-Hall series in electrical and computer engineering. Prentice-Hall,
1975.

[2] H. De Gersem, K. Hameyer, and T. Weiland. Field-circuit coupled models in electromagnetic simu-
lation. Journal of Computational and Applied Mathematics, (168):125–133, 2004.

[3] P. Slepian. Mathematical Foundation of Network Analysis. Springer Verlag, 1968.
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Onno Bokhove o.bokhove@leeds.ac.uk

Rogue wave impact on amplified wave-energy buoys: a
mathematical and numerical study

O.Bokhove1 and A. Kalogirou2

1School of Mathematics, University of Leeds, Leeds, UK, o.bokhove@leeds.ac.uk
2School of Mathematics, University of Leeds, Leeds, UK, a.kalogirou@leeds.ac.uk

Rogue waves are waves with anomalously high amplitudes relative to the ambient waves,
either at the coast or in the open ocean. Such waves can have significant impact on moving
ships and wave-energy devices. In this presentation, we report on the mathematical and
numerical modelling of amplified rogue waves driving a wave-energy device or buoy in a
contraction.

Modelling & Analysis: This wave-energy device consist of a floating buoy constrained to
move upward only in a contraction attached to an ac-induction motor, for which we have
realised a working scale-model [1]. A shallow-water as well as potential-flow water-wave
model coupled to the moving wave-energy buoy has been derived using variational tech-
niques [2, 3]. This nonlinear model consists of the classical water-wave equations for the
free-surface deviation and velocity potential, coupled to a set of equations describing the
dynamics of the wave-energy buoy.

Simulations: The model is solved numerically using a variational (dis)continuous Galerkin
finite element method and the numerical results are compared to observations from experi-
ments in wave tanks that employ geometric wave amplification to create nonlinear rogue-wave
effects. We will show the numerical results for the dynamics of the coupled system linearised
around a rest state [1].

Control: The combined water-wave and buoy system is then coupled to an ac-induction mo-
tor and, given a certain wave-climate as offshore input, we aim to optimize and control the
wave-buoy and ac-induction motor with respect to the energy output. Optimization aspects
we wish to explore are the geometry of the contraction and buoy, as well as the ac-induction
motor. These control aspects as well as our variational and Hamiltonian setting are the
reason to participate in this workshop.

References

[1] A. Kalogirou, V.R. Ambati, W. Zweers and O. Bokhove, Simulations of wave-
buoy interactions and laboratory demonstration of a new wave-energy device.
https://www.youtube.com/channel/UCUZAYHtVoiMqepQflisp66g , 2016.

[2] O. Bokhove and A. Kalogirou, Variational water wave modelling: from continuum to experiment.
Lecture Notes on the Theory of Water Waves. Cambridge University Press. Edited by: Bridges,
Groves and Nicholls, London Mathematical Society Lecture Notes Series 426, 226-259, 2016.

[3] E. Gagarina, V.R. Ambati, S. Nurijanyan, J.J.W. van der Vegt and O. Bokhove, On variational and
symplectic time integrators for Hamiltonian systems. J. Comp. Phys. 306, 370-389, 2016.
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Lorenzo Bortot lorenzo.bortot@cern.ch

Port-Hamiltonian Formulation of Circuit-FEM Coupling for
Superconducting Magnet Circuits

L. Bortot1, M. Maciejewski2, and B. Auchmann3

1CERN, TE-MPE, lorenzo.bortot@cern.ch
2CERN, TE-MPE, Lodz University of Technology, michal.maciejewski@cern.ch
3CERN, TE-MPE, bernhard.auchmann@cern.ch

Quenches in superconducting magnets are electro-thermal transients, during which a part of
the conductor enters in the normal-conducting state, making an emergency abort obligatory.
In order to simulate such an event, the complex electrodynamic coupling between the magnet
and the rest of the network needs to be taken into account. While for the main components
of the circuit (power converter, switches, resistors, and bypass diodes) a lumped-element
representation is satisfactory, the magnet itself requires a distributed model for simulating
the nonlinear saturation behaviour, as well as eddy-current effects.

We discuss a consistent theoretical framework, based on the port-Hamiltonian formulation,
where we define an appropriate description of interconnection ports between aforementioned
network and distributed domains. Each subsystem is identified and linked to the others
using Stokes-Dirac structures. They include the interaction between distributed and lumped
systems. The amount of energy exchanged via these ports can be used to identify and
estimate the strength of the coupling. Different alternatives for the coupling are analysed:
the magnet may be represented in the network as a) a voltage driven port, b) a current-driven
port, or c) by means of lumped elements, extracted from the distributed model. It is a goal
of this study to find the coupling strategy most amenable to an efficient implementation in a
co-simulation, where the coupled model is solved using commercial products, each of them
focused on their domain of competence.
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Yasser Bouzid Yasser.Bouzid@ufrst.univ-evry.fr

Control and Guidance laws for Multi-rotor UAV : Energy
optimization point of view

Y. Bouzid1, Y. Bestaoui2, and H. Siguerdidjane3

1IBISC Laboratory, Yasser.Bouzid@ufrst.univ-evry.fr
2IBISC Laboratory, Yasmina.Bestaoui@ufrst.univ-evry.fr
3L2S Laboratory, Houria.Siguerdidjane@centralesupelec.fr

Quad-Rotors are very popular Aerial Autonomous Vehicle (UAV) platforms. They are con-
sidered as ideal tool for many operations such as surveillance, rescue and search due to their
mechanical structure, small size, low weight and its maneuverability. The literature is rich;
they have been studied as for instance in [1]. The important problem of these vehicles is
the endurance especially inside more adverse environments where the actuators are strongly
requested so more energy is consumed. In order to tackle such problems and increasing the
system autonomy, the use of technique solutions as the augmentation of batteries cells is still
in progress, the challenge is to synthesize sophisticate nonlinear controllers [2] that reduce
the energy consumption and allow the controller to behave in efficient way according to the
situation, the environment and the followed path . This controller may be more efficient if
the energy aspect is shown in the system model using the port-Hamiltonian.

Our contribution is summarized in three points:

• Firstly, we focus on the model presentation in terms of energy aspect using the port-
Hamiltonian. Also the design of Immersion & Invariance based control technique (I&I),
synthesized for longitudinal and lateral motions, investigating its level of applicability.
Herein, a target system is proposed as mechanical one parameterized in terms of
potential energy and damping functions (see in [3]). Then the I&I theorem [3] is
applied. To deal with this technique, the standard model of Quad-Rotor has been
transformed into adequate form.
• In the second point we focus on the optimization of the energy consumption, using

feedback linearization but of an augmented system. A compensator is introduced
as a new state in the nominal system. This technique implies the historic of the
control effort in the computation of the present one which minimise highly the energy
consumption.
• The last point is the study of the vehicle behaviour in presence of wind. For this

purpose a specific guidance law is used which take in consideration the direction of
wind [4] based on Frenet path fixed frame [5].

References

[1] T. Hamel and R. Mahony, Dynamic modelling and configuration stabilization for an x4-flyer. 15th
Triennial World Congress, 2002, Barcelona, Spain.

[2] C. Souza, G. V. Raffo and E. Castelan, Passivity Based Control of a Quadrotor UAV. Preprints of
the 19th World Congress, The International Federation of Automatic Control,24-29 August 2014,
Cape Town, South Africa.

[3] J. A. Acosta, R. Ortega, A. Astolfi and I. Sarras, A constructive solution for stabilization via immer-
sion and invariance: The cart and pendulum system. Automatica, 25 February 2008.

[4] J. A. Guerro, J. A. Escareno, Y. Bestaoui, Quad-rotor MAV Trajectory planning in wind field. IEEE
International Conference on Robotics and Automation (ICRA), 6-10 May 2013, Karisruhe, Germany.

[5] H. Siguerdidjane, S. Cavalier, A. Badatcheff, J-B Moussel and G. Maurino, Improved 3D Design
Guidance Law of a mini Unmanned Aerial Vehicle via Frenet Framework : Flight Simulator Implemen-
tation Results. IFAC Workshop on Embedded, Guidance, Navigation and Control in Aerospace,13-15
February 2012, Bangalore, India.
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Peter Breedveld p.c.breedveld@utwente.nl

On the importance of a proper use of energy functions in
transport models

P. Breedveld1

1University of Twente, Enschede, Netherlands, p.c.breedveld@utwente.nl

It will be argued that

• making a separation between configuration variables and energy variables, even if their
roles overlap, provides more insight during modeling;

• system boundary definitions may be of mixed nature;

• the use of the concept of an energy density (material of spatial) is synonymous with
the statement that an energy function is a first degree homogeneous function of all
possible extensive states in principle;

• the previous statement results in an energy-based modeling approach that automati-
cally satisfies fundamental principles of physics when all grammar rules are obeyed and
a systematic approach to the dynamic behavior of all properties that a flow of matter
may convect in principle (e. g. momentum, electric charge, magnetic flux, entropy,
other chemical species, etc.);

• the generalized thermodynamic framework of variables is more general than the Hamil-
tonian (generalized mechanical) framework of variables.
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Flávio Luiz Cardoso-Ribeiro flaviocr@ita.br

Port-Hamiltonian modeling and control of a fluid-structure
system

F. Cardoso-Ribeiro1, D. Matignon2, and V. Pommier-Budinger3

1Université de Toulouse - ISAE-SUPAERO, Toulouse - France, CNPq and ITA - Brazil, flaviocr@ita.br
2Université de Toulouse - ISAE-SUPAERO, Toulouse, France denis.matignon@isae-supaero.fr
3Université de Toulouse - ISAE-SUPAERO, Toulouse, France valerie.budinger@isae-supaero.fr

The goal of optimizing the aircraft performance (reducing structural weight and increasing
aerodynamic efficiency) is leading to airframes with increased structural flexibility. These new
airplanes have vibration modes in the low frequency range, which can couple with the rigid
body motion, as well with the fuel sloshing inside the tanks. This coupling can potentially
lead to reduced maneuverability, material fatigue or even instability and structural loss.

This presentation will show part of ongoing research (Hamecmopsys project sponsored by
the French National Research Agency [5]) on fluid-structure modeling and active control.
This presentation will show part of ongoing research on fluid-structure modeling and active
control. We have an experimental set up at ISAE, which consists of an aluminium plate
with a water tank near the free tip. This device mimics the dynamics of a flexible wing with
a fuel tank near the tip. The fluid and structural dynamics have similar natural vibration
frequencies, leading to strong dynamic coupling between them.

We use the port-Hamiltonian systems formulation for modeling fluid structure interaction.
The motivation for using this formulation is that it is possible to describe fluid dynamics
and structure dynamics separately using PHS formulation. Physically relevant variables then
appear as interconnection ports allowing easy coupling. In our model, structural dynamics
and fluid dynamics are independently modeled as infinite-dimensional systems. The plate is
approximated as a beam and shallow water equations [3] are used for representing the fluid
in the moving tank. The global system is coupled and spatial discretization of the infinite-
dimensional systems is performed using a pseudo-spectral method [2]; this allows obtaining
a finite-dimensional system that is still port-Hamiltonian. The modeling method is validated
on ISAE experimental set-up [4].

References

[1] F.L. Cardoso-Ribeiro, D. Matignon and V. Pommier-Budinger, Modeling of a Fluid-structure coupled
system using port-Hamiltonian formulation. In Proceedings of the 5th IFAC Workshop on Lagrangian
and Hamiltonian Methods for Nonlinear Control LHMNC, 2015, Lyon, France. IFAC-PapersOnLine
48, no. 13 (2015), pages 217-222.

[2] R. Moulla, L. Lefvre, and B. Maschke, Pseudo-spectral methods for the spatial symplectic reduction
of open systems of conservation laws.. Journal of Computational Physics, 231(4), 1272-1292.

[3] B. Hamroun, A. Dimofte, L. Lefvre, E. Mendes, Control by Interconnection and Energy-Shaping
Methods of Port Hamiltonian Models. Application to the Shallow Water Equations.. European Jour-
nal of Control, 16(5), 545-563.

[4] F. Cardoso-Ribeiro, Port-Hamiltonian systems, website:
http://flavioluiz.github.io/port-hamiltonian/

[5] HAMECMOPSYS Project - Hamiltonian Methods for the Control of Multidomain Distributed Pa-
rameter Systems, website: http://hamecmopsys.ens2m.fr/
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Matthijs de Jong matthijs.de.jong@rug.nl

Comparison of Stabilization of Piezoelectric Euler-Bernoulli
Beam Models

M.C. de Jong1, J.M.A. Scherpen2, and K.A. Morris3

1Faculty of Mathematics and Natural Sciences, University of Groningen, matthijs.de.jong@rug.nl
2Faculty of Mathematics and Natural Sciences, University of Groningen, j.m.a.scherpen@rug.nl
3Department of Applied Mathematics, University of Waterloo, kmorris@uwaterloo.ca

Piezoelectric materials are used in many control and sensing applications; such as vibra-
tion control in small and large mechanical structures, shape control of beams, plates, and
surfaces, and on-line measurement and compensation in aerospace and other high-precision
areas. A strip of piezoelectric material is known as a piezoelectric beam. The behavior of
piezoelectric beams depends on interactions between electrical, magnetic and mechanical
effects and is complex. A number of different assumptions for the mechanical part of the
beam and the electric-field can be used. For stabilization, and more generally, controller
design, a finite-dimensional approximation must be used.

In this work the linear Euler-Bernoulli model [2] for the mechanical behavior is used with both
the quasi-static electric-field assumption [4] and the dynamic electromagnetic-field assump-
tion, described in [6] and [8], for different frameworks. The derived mathematical models
are put in the port-Hamiltonian (pH) framework [7]. The applied spatial-discretization pro-
cedure, described in [3], results again in a pH-system.

The influence of the type of approximation on stabilization and controlled system performance
are investigated. The obtained models are compared to other (pH) models, described in [1],
[5], and [6] on the basis of different modeling assumptions and their influence on stabilization
and controllability for the infinite- and finite-dimensional systems. The stability properties
of the approximated linear pH-model are investigated under the two assumptions for the
electric-field and compared to the original infinite-dimensional model. The energy functions
of the various models are also compared.

References

[1] T. Voß and J.M.A Scherpen, Structure preserving port-Hamiltonian discretization of a 1-D inflatable
space reflector, Proc. of the European Control Conference, 2009

[2] E. Carrera, G. Giunta, and M. Petrolo, Beam Structures: Classical and Advanced Theories, Wiley
Series in Computational Mechanics Series, Wiley, 2011.

[3] G. Golo, V. Talasila, A.J. van der Schaft, and B. Maschke, Hamiltonian discretization of boundary
control systems, Automatica, vol 40, no. 5, pp 757 - 771, 2004.

[4] A. H. Meitzler et al., IEEE Standard on Piezoelectricity, ANSI/IEEE Std 176-1987, 1988.

[5] K.A. Morris and A.Ö. Özer, Strong Stabilization of piezoelectric beams with magnetic effects, Proc.
of the Conference on Decision and Control, 2013.

[6] K.A. Morris and A.Ö. Özer, Modeling and Stabilizability of Voltage-Actuated Piezoelectric Beams
with Magnetic Effects, SIAM Journal on Control and Optimization, vol. 52, pp 23712398, 2014.

[7] A.J. van der Schaft and D. Jeltsema, Port-Hamiltonian Systems Theory: An Introductory Overview,
Foundations and Trends in Systems and Control, vol. 1, no. 2-3, pp. 173378, 2014.

[8] T. Voß, Port-Hamiltonian Modeling and Control of Piezoelectric Beams and Plates: Application to
Inflatable Space Structures, Ph.D. dissertation, FWN, RuG, Groningen, 2010.
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Jonas Ghini jonas.ghini@cern.ch

Towards a Port–Hamiltonian Description Superfluid Helium in
LHC Magnets

Jonas Ghini1, Bernhard Auchmann2, and Arjan Verweij3

1CERN, jonas.ghini@cern.ch
2CERN, bernhard.auchmann@cern.ch
3CERN, arjan.verweij@cern.ch

Superfluid helium (He II) is the coolant used in the bending magnets of the LHC. The helium
flows through large channels outside the coils, as well as through small channels between
the strands of the cable from which the magnet coil is wound. These small channels go
through the insulation material (kapton), and thus the helium flows through this porous
material. There are two main effects to be studied, 1) heat transfer from metal (i.e. su-
perconducting strand) to helium, taking into account different regimes (Kapiza, nucleate
boiling, film boiling, etc.). Empirical models for description of half–space situations exist,
and the same models are applied also to transfer into cable interstices. 2) Heat and mass
transport along the cable, through the insulation material and through the laminated collar
(to the heat exchanger). Empirical models based on small–channel experiments are applied
to these situations.

The desire is to acquire a unified model describing the relevant physics for the two main
effects in all use cases, including all helium phases and heat transfer regimes. The possibility
of a port–Hamiltonian description of this problem seems interesting as, firstly, the model one
intends to develop will have to fit into a larger structure (electrical and cryogenic networks,
magneto–quasi–static FEM model and a FEM model of heat balance in the solids), and
secondly, since the helium physics itself will be of considerable complexity involving energy
flows in several forms (heat, mass, phase transitions, etc.).
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Sara Grundel grundel@mpi-magdeburg.mpg.de

Port Hamiltonian Modelling of Gas Networks

S. Grundel1 and N. Hornung2

1MPI Magdeburg, grundel@mpi-magdeburg.mpg.de
2Fraunhofer SCAI, nils.hornung@scai.fraunhofer.de

The isothermal Euler equations on a single pipe can be modelled as a Port Hamiltonian
Input-Output System with the help of Dirac structures. We model the pipe as a one-
dimensional interval Z on which the physics is described by the one-dimensional isothermal
Euler equations. The Dirac structure is defined as a subset of E × F where F = Ω1(Z) ×
Ω1(Z)×Ω0(∂Z) and the effort space E = Ω0(Z)×Ω0(Z)×Ω0(∂Z). Using composition of
Dirac structures one can then model an entire pipeline network as a Port Hamiltonian system
[1]. Once this is done the discretization of the space of 0-forms Ω0(Z) and 1-forms Ω1(Z)
defines a scheme of discretizing the system resulting in a Differential Algebraic Equation [2].
We will furthermore compare this discretization with others under the background of this
Port-Hamiltonian based formulation.

References

[1] J. Cervera, A. J. van der Schaft, and A. Baños. Interconnection of port-Hamiltonian systems and
composition of Dirac structures. Automatica J. IFAC, 43(2):212–225, 2007.

[2] M. Seslija, J. M. A. Scherpen, and A. J. van der Schaft. Explicit simplicial discretization of distributed-
parameter port-Hamiltonian systems Automatica J. IFAC, 50(2):369–377, 2014.
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Serkan Gugercin gugercin@math.vt.edu

Structure-preserving model reduction for nonlinear
port-Hamiltonian systems

S. Chaturantabut1, C.A. Beattie2, and S. Gugercin3

1Thammasat University, saifon@mathstat.sci.tu.ac.th
2Virginia Tech., beattie@vt.edu
3Virginia Tech. (currently a visiting Humboldt Fellow at TU Berlin), gugercin@math.vt.edu

In this talk, we present a structure-preserving model reduction approach for large-scale,
nonlinear port-Hamiltonian systems. By preserving the structure in the reduction step, we
guarantee that the reduced model retains stability and passivity. Our analysis provides a
priori error bounds for both state variables and outputs. We consider three techniques
constructing model reduction bases: one that utilizes proper orthogonal decompositions;
one that utilizes H2/H∞-derived optimized bases; and one that is a mixture of the two.
The complexity of evaluating the reduced nonlinear term is managed efficiently using a
modification of the discrete empirical interpolation method (deim [1]) that also preserves
port-Hamiltonian structure. We illustrate the efficiency and accuracy of the proposed model
reduction framework with two examples: a nonlinear ladder network and a tethered Toda
lattice.

References

[1] S. Chaturantabut and D. C. Sorensen, Nonlinear model reduction via discrete empirical interpolation,
SIAM Journal on Scientific Computing, 32 (2010), pp. 2737–2764.
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Carsten Hartmann chartman@mi.fu-berlin.de

Information barriers and robustness of reduced-order models,
with application to control of Hamiltonian systems

C. Hartmann1, O. Kebiri2, G.A. Pavliotis3, and W. Zhang4

1Brandenburgische Technische Universität Cottbus, Germany chartman@mi.fu-berlin.de
2Université de Tlemcen, Algeria o_kebiri@yahoo.fr
3Imperial College London, Great Britain g.pavliotis@imperial.ac.uk
4Freie Universität Berlin, Germany wei.zhang@fu-berlin.de

Many models in science and engineering are characterized by their high dimensionality, the
presence of vastly different characteristic spatial and temporal scales and the importance of
stochastic effects. Noise is ubiquitous in these models and can be due to thermal fluctua-
tions, noise in control parameters or imprecise knowledge of the system state. Well known
examples of complex multiscale systems with stochastic effects are the atmosphere/ocean
system, biomolecular systems, or energy networks.

A wealth of analytical, computational and statistical techniques have been developed in re-
cent years for the study of complex multiscale dynamical systems. These techniques enable
us to obtain low dimensional effective dynamics that capture accurately the evolution of a
few appropriately selected variables at the length and time scales of interest. Prominent
examples are the singular perturbation approximation or projection-based model order reduc-
tion techniques, which both can be made rigorous under the assumption of scale separation,
but this assumption is rarely met or verifiable in reality. An important development in re-
cent years therefore has been the systematic use of data in the derivation and validation
of the reduced-order models, and various closure schemes have been proposed that include
available data in the construction of the models [1]. Given suitable coarse-grained or macro-
scopic variables that capture the effective behaviour of a complex system, it is often the case
that there are many different, but equally “plausible” reduced models. It has been pointed
out recently that, although a reduced model may be very good in approximating certain
equilibrium properties of the full system, such as statistical equilibrium distributions, energy
functionals or steady states, they may be unstable under perturbations and perform badly in
cases when, for example, the original model or the data are perturbed [2]; another example
in which a reduced model may fail is in the context of (feedback) control and optimization,
due to a lack of backward stability [3].

In this talk we will survey recent results on the robustness and backward stability of model
order reduction techniques, with a special focus on controlled Hamiltonian systems, and
explain how information-theoretic concepts such as entropy or statistical divergences can be
helpful to improve model fidelity, robustness and backward stability of the reduced models.

References

[1] B. Turkington and P. Plechac, Best-fit quasi-equilibrium ensembles: a general approach to statistical
closure of underresolved Hamiltonian dynamics, Mathematics and Statistics Department Faculty
Publication Series, Paper 1206, 2010.

[2] A. Majda and D. Qi, Improving Prediction Skill of Imperfect Turbulent Models through Statistical
Response and Information Theory, J. Nonlinear Science, 26, pp. 233-285, 2016.

[3] C. Hartmann, J. Latorre, C. Hartmann, and W. Zhang, Optimal control of multiscale systems using
reduced-order models, J. Computational Dynamics 1, pp. 279-306, 2014.
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Yann Le Gorrec legorrec@femto-st.fr

On the use of structural invariants for control design of infinite
dimensional port Hamiltonian systems

Y. Le Gorrec1
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In this paper, we refer to the class of linear distributed port-Hamiltonian systems proposed
in [1, 2] i.e. to systems described by the PDE

∂x

∂t
(t, z) = P1

∂

∂z

(
L(z)x(t, z)

)
+ (P0 −G0)L(z)x(t, z) (1)

with x ∈ Rn, and z ∈ [a, b]. Moreover, P1 = PT
1 and invertible, P0 = −PT

0 , G0 = GT
0 ≥

0, and L(·) is a bounded and continuously differentiable matrix-valued function such that
L(z) = LT (z) and L(z) ≥ κI, with κ > 0, for all z ∈ [a, b]. This class includes models of
flexible structures, traveling waves, heat exchangers, and linearized models of bio or chemical
reactors among others. We then consider two control perspectives through power preserving
interconnection, one based on boundary control design and the other one using distributed
flows as control. In these two cases we show how the controller structure





∂xc

∂t
= (Jc −Rc)

δ (H(xc))

δxc
+ Bcuc

yc = B∗c
δ (H(xc))

δxc

(2)

and related closed loop structural invariants of the form C(x, xc) = Γxc + F (x) can be
chosen to shape the closed loop energy function Hcl(x, xc) = H(x) + Hc(xc) (as it is the
case for finite dimensional systems [3]) or to map the open loop system into a target system
with completely different structure and properties. In the boundary control case we show that
methods based on energy shaping through structural invariants are related to backstepping
control techniques. We also show that using the same ideas, an hyperbolic system can
be mapped into a closed loop parabolic one once distributed control is considered. In the
two cases, the asymptotic stability is proved and the performances are related to design
parameters. The two control strategies are applied on the wave equation and validated in
simulation.
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We consider gas pipe networks and aim for an efficient simulation with the help of Model
Order Reduction (MOR) tools. Herefore the equation system consisting of partial differen-
tial algebraic equations is first space-discretized and then examined. Although we do not
start modelling in the port-Hamiltonian framework, it turns out that our kind of space-
discretization yields a port-Hamiltonian-like system, which can be exploited for MOR.
For each pipe we have a pressure and a flow function pi, qi, fullfilling:

∂tpi(x, t) +
c2

ai
∂xqi(x, t) = 0

∂tqi(x, t) + ai∂xpi(x, t) +
λic

2

2aiDi

qi(x, t)|qi(x, t)|
pi(x, t)

= 0

plus boundary- and/or coupling conditions,

where ai, Di are pipe-specific constants, c constant and λi friction coefficient. The space-
dis- cretization is performed with a finite-volume-method, which then leads to an index-2
differential algebraic equation. An appropriate way of examing the system is to interprete
each cell as a directed edge connected by gridpoints, which together describes a directed
graph, see [1].

For the arising input-output systems we construct an explicit representation of the strictly
proper and the remaining system, only depending on the topology. Choosing the output at the
ports, the remaining system is passive and the strictly proper system has the representation

G
−1

ė(t) = [J−R(e(t),u(t))] e(t) + Bu(t)

y(t) = B
T
e(t)

J =

(
0 A

−AT 0

)
, R(e,u) =

(
0 0
0 D−1

a Db(e,u)

)
, G =

(
4M−1 0

0 Da

)
,

where A is a reduced incidence matrix, M is symmetric positive definite. Da is diagonal
positive definite, and Db(e,u) is diagonal positive definite for each physically meaningful
state e and input u. MOR methods are used on a simplification of the upper system, where
a linear friction model is assumed, which leads to a linear port-Hamiltonian system. Our
numerical tests show that interpolation based structure-preserving MOR methods, [2] [3],
perform very well. A modification of the SPRIM-algorithm leading to mass-conservative
surrogate models is also suggested.
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We present recent results of the coupling between electromagnetic and thermal domains in
superconducting accelerator magnets. Quench, a transition from the superconducting to the
normal conducting state, is an electro-thermal transient. Due to the large energy stored in
the magnetic field, quenches have to be detected in time and quench protection measures
must be in place. Careful analysis of electro-thermal transients is of great importance for
the design of the quench protection systems and safe magnet operation.

We represent a superconducting magnet as a distributed port-Hamiltonian system consisting
of Stokes-Dirac structures describing electrical, magnetic and thermal domain, respectively.
An important component of our model is the generation mechanism of inter-filament and
inter-strand coupling losses (IFCL and ISCL, respectively). A resistive field combines all
terms driving irreversible entropy production (Ohmic loss, heat flow, IFCL and ISCL). The
resulting bond graph representation provides insights to the analysis of the energy flow in
the system.

The obtained, consistent geometric representation will be employed to derive coupling in-
terfaces and select an appropriate coupling scheme for co-simulation workflow that is under
development at CERN. In the frame of coupled simulations our research interest also aims
at finding coupling metrics that allow for selection of efficient co-simulation strategies.
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The different suggestions for the modelling of irreversible thermodynamic processes as (dis-
sipative) port-Hamiltonian systems (PHS) have led to a class of system called quasi-PHS.
These systems retain much of the dissipative port Hamiltonian structure, but differ by their
structure (interconnection and dissipation) matrices and input vector fields which depend
explicitly on the gradient of the Hamiltonian. This framework has recently been combined
with the framework of the thermodynamic availability function [1] to derive Lyapunov con-
ditions for the stabilization of irreversible thermodynamic systems. From a control design
perspective this implies that when looking for closed-loop potentials, for instance when pas-
sivity based control (PBC) techniques are applied [2], the integrability conditions lead to
partial differential equations which are nonlinear instead of linear. Furthermore, it is well
known that for this case a physically consistent parametrization of the control problem is
far from obvious. This implies closed-loop systems without physical interpretation or very
complex matching equations to solve during the design.

We shall consider the control of a class of such extensions of PHS, named Irreversible Port-
Hamiltonian Systems (IPHS) [3]. These systems embed by construction simultaneously the
first (conservation of energy) and the second principle (irreversible creation of entropy).
An incremental energy function, defined as an energy based availability function, is used
as desired closed-loop Hamiltonian. A Lyapunov condition is then derived and interpreted
in terms of energy-shaping passivity based control (PBC). The Lyapunov condition is then
further developed and a specific non-linear solution, which permits to assign a desired closed-
loop interconnection structure and entropy dissipation rate, is proposed [4]. The proposed
design procedure consists in finding appropriate structure matrices and desired thermody-
namic control functions to solve algebraically the associated matching equations. The IPHS
formulation allows to systematically parametrize the problem to derive the conditions for
a globally stabilizing controller which preserves the IPHS structure in closed-loop. Since
the structure of the closed-loop system is IPHS, it can be interpreted as a thermodynamic
system and the parameters of the controller related with thermodynamic variables, such as
the reaction rates in the case of chemical reactions.
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Dissipativity is the property of an input-output-system which is only able to consume energy
instead of producing energy. A prominent example is passivity: The consumed energy is
modelled by the integral of the product of input and output. For instance, electrical circuits
belong to this class, if the output is composed of the voltages at the current sources and
currents at the voltage sources.

In this talk we analyze dissipativity of input-output systems whose internal dynamics are
determined by differential-algebraic equations. We show that dissipativity is related to the
existence of a semi-definite solution of a certain matrix equation. In particular, we can derive
energy balances from this matrix solution.
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We consider the Navier-Stokes equations for reactive flows and are interested in an energy-
based formulation. Reactive flows occur in many applications, especially in process engi-
neering. The simulation of processes with reactive flows require appropriate models and
numerical approximation via discretization. Especially in control and optimization applica-
tions, also model reduction techniques are used to obtain models which can be simulated in
short time. However, after all these steps of complexity reduction, essential properties of the
physical system as the conservation of energy are usually lost.

In this talk we introduce an energy-based formulation of the reactive Navier-Stokes equa-
tions. This is achieved by derivation of a port-Hamiltonian formulation which extends the
corresponding Hamiltonian formulation by boundary ports. Due to the port-Hamiltonian
structure, the total energy can only change by energy flow through the boundary. The
results presented in this talk provide the basis for subsequent structure-preserving discretiza-
tion and model order reduction methods to obtain low-dimensional energy-based models for
reactive flows.
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Port-Hamiltonian systems are highly structured and as a consequence they satisfy two im-
portant properties for control systems: passivity and stability. It is important to know the
distance of a linear time-invariant port-Hamiltonian system from the boundary of the set of
systems that are not port-Hamiltonian. This can be partially addressed by computing the
structured distance to instability, i.e., the norm of smallest structure preserving perturbation
that makes an eigenvalue on the imaginary axis, for port-Hamiltonian systems.

In this talk, we briefly present some results on the various structured distances to instability for
linear time-invariant port-Hamiltonian systems. We also present some numerical experiments
suggesting that in many cases there is a significant difference between the distances to
instability with respect to perturbations that preserve the port-Hamiltonian structure and
those with respect to arbitrary perturbations.
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The study of power networks constitutes a challenging case of multi-physics systems model-
ing and analysis, with developments in ’smart grids’ adding a communication/control layer
to the physical network dynamics.

The main part of this talk is devoted to the modeling and analysis of the physical power
network [1]. First we focus on the synchronous generator and its classical 8-dimensional
model, which admits an insightful port-Hamiltonian formulation [2]. Furthermore, we show
how the power balance for this model leads to the well-known swing equation. This enables
a straightforward stability analysis of networks of generators and loads under the phasor
assumption for the network. On the other hand, this scenario is insufficient for stability
analysis taking into account full transient behavior and voltage dynamics, which turns out
to be much more involved. Finally, we will show how the primal-dual gradient algorithm for
social welfare optimization admits a natural port-Hamiltonian formulation as well, and how
such a cyber-economic dynamical layer can be coupled to the physical network, leading to
control by dynamic pricing [3].
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Port-Hamiltonian systems described by a partial differential equation on a one-dimensional
spatial domain can often be written as, see [1]

∂x

∂t
(ζ, t) = P1

∂

∂ζ
(H(ζ)x(ζ, t)) , ζ ∈ [a, b], t ≥ 0.

Here it is normally assumed that x(ζ, t) ∈ Rn, P1 = PT
1 , det(P1) 6= 0, H(ζ) = H(ζ)T for

all ζ ∈ [a, b], and there exists an m and an M such that 0 < mI ≤ H(ζ) ≤ MI almost
everywhere.

Already in Section 6.5 of the thesis of Javier Villegas, [2], you can find examples in which
P1 is not invertible. The H contains the physical parameters. If one of these become very
small, then it is logical to put it to zero. However, in that case either H becomes singular
or it becomes unbounded. To study this case, the above pde is replaced by

M(ζ)
∂x

∂t
(ζ, t) = P1

∂

∂ζ
(Q(ζ)x(ζ, t)) , ζ ∈ [a, b].

On this equation we assume that P1 = PT
1 , M(ζ)Q(ζ) = Q(ζ)M(ζ), M(ζ) = M(ζ)T

and Q(ζ) = Q(ζ)T for all ζ ∈ [a, b] and there exists an M such that 0 ≤M(ζ) ≤MI and
0 ≤ Q(ζ) ≤MI almost everywhere. Furthermore, we assume that there exists no ζ ∈ [a, b]
for which det(sM(ζ)−Q(ζ)) is zero for all s ∈ C.

For the special case in which

M(ζ) =

(
I 0
0 0

)
and Q(ζ) =

(
Q11(ζ) 0

0 Q22(ζ)

)
ζ ∈ [a, b],

with Q11(ζ) ≥ mI > 0, we characterize the boundary conditions for which the above system
has an unique solution on the reduced energy space.

The above case is only one special case, and so there are many questions still open.
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