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Titles and abstracts:
Daniel Felipe Ordoñez Apraez
Title: Morphological symmetries in dynamical systems' modeling and control
Abstract: This presentation introduces a framework leveraging morphological symmetries in robotic systems for structured control design using abstract harmonic analysis. Morphological symmetries, stemming from replicated kinematic structures and symmetric mass distributions, induce equivariances in the equations of motion. By applying representation theory, we decompose the robot’s configuration space into orthogonal subspaces corresponding to independent dynamical modes. This decomposition facilitates the design of control strategies that exploit these modes, enabling efficient and decoupled control policies aligned with the robot's symmetry structure.  We outline how this approach provides a principled geometric foundation for motion planning and feedback control, particularly in legged robots, where symmetries simplify high-dimensional dynamical models.
Nicola Bailey
Title: High Performance Robotics and Automated Processes
Abstract:  Mechanical systems typically used in automated processes, including manufacturing and robotic applications, comprise of rigid components connected by traditional revolute bearing joints. The bearing joint performance is limited due to complex and uncertain tribological effects, including friction, stiction and backlash. Therefore, the achievable accuracy of the overall system is reduced, limiting the system’s ability to accurately track desired trajectories and thus, its use for high precision applications.
Negating these uncertain tribological effects through active control is difficult, however, the source of them can be eliminated through using flexure-based compliant mechanisms (FCMs) as pseudo-joints, utilising the elastic deformation of the material, producing potentially significant improvements in the achievable precision. Although FCMs have many advantages, they have complex nonlinear mechanical behaviour, due to their additional degrees of freedom, requiring a model-based control approach to realise precise trajectory tracking. By implementing feedforward control, based on a mathematical model of the system, provides good tracking capabilities. Results show that by implementing FCMs into automated systems with bespoke control algorithms, high precision can achieved for high-value applications can be achieved.

Ariadne Bertolin
Title: Control using Zames-Falb Multipliers: don’t panic?
Abstract: Lur’e system models describe linear time-invariant plants in feedback with static nonlinear functions. In practical control systems, components such as actuators or sensors often introduce static nonlinearities into the plant. Common examples include saturation, where the output is limited beyond a certain input level, and dead zones, where small inputs produce no response. These non-linear effects can be captured within the Lur’e framework for stability analysis. Stability is studied by examining the feedback interconnection and considering specific classes of nonlinearities, such as sector-bounded or slope-restricted functions. If stability holds for a given class, it applies to all nonlinearities within that class, ensuring robustness. Two main approaches for guaranteeing stability are Lyapunov-based methods and the use of Zames-Falb multipliers. The Zames-Falb approach certifies stability by inserting multipliers into the feedback loop, one with the nonlinearity and the inverse with the linear part. If the modified system meets certain energy or gain conditions, stability is guaranteed for all nonlinearities in the specified class. Although significant progress has been made in the stability analysis of Lur’e systems, applying Zames-Falb multipliers to control design remains a challenging task. This presentation addresses this challenge by proposing a convex optimization-based approach that provides sufficient conditions for the absolute stability of nonlinear Lur’e systems, expressed in terms of the existence of suitable Zames-Falb multipliers.




Delphine Bresch-Pietri
Title: Surrogate models for the hyperbolic dynamics of a slow fluid exchanging heat with a solid
Abstract: In this talk, we explore two surrogate modeling approaches for a system of coupled hyperbolic partial differential equations that describe the thermal interaction between a fluid and a solid.
First, perhaps unexpectedly, we show that the system closely resembles a single convection-diffusion equation. We will clarify the precise mathematical sense in which this approximation holds, thus contributing a formal bridge between hyperbolic and parabolic models—two frameworks that have traditionally received distinct attention within the control community.
Second, we introduce a time-varying delay system as an alternative approximation, grounding on a low-pass filter property of the system. We will highlight the specific control and estimation opportunities and challenges associated with each of these reduced models. Finally, we illustrate how these surrogate representations have been employed in the design of a thermal estimator and corresponding light-off strategy for a thermal engine catalyst.

Krishna Busawon
Title: Some comments on successive loops control design
Abstract: In this talk, we will first recall the concept of control design using successive loops. We shall the show the importance such a control design in the context of linear systems with regards to pole placement and trajectory tracking. Then we shall extend the design technique to nonlinear systems. We shall also address the issue of control constraints, performance measure and dimension sensitivity. Finally, we shall demonstrate the design methodology using some practical applications.

Joaquin Carrasco
Title: A Modern Conjecture on Absolute Stability
Abstract: The class of O’Shea–Zames–Falb multipliers currently yields the strongest known results for establishing the absolute stability of feedback interconnections between linear time-invariant (LTI) systems and slope-restricted nonlinearities. In the discrete-time setting, these multipliers are known to fully characterize the class of such nonlinearities, motivating the following conjecture: O’Shea–Zames–Falb multipliers are both necessary and sufficient for absolute stability.
This talk will begin with a concise overview of absolute stability theory. We will then present recent advances, including the construction of destabilizing nonlinearities when the existence of an O’Shea–Zames–Falb multiplier can be ruled out via duality-based arguments. Finally, we will discuss current challenges and limitations that remain in resolving this conjecture definitively.



Saptarshi Das
Title: Dominant pole placement in process control and robust stabilization of time delay systems
Abstract: Time delays are ubiquitous in industrial process control and present a fundamental challenge in the design of stabilizing PID controllers. This research talk presents a unified framework for PID controller design using dominant pole placement methods tailored to systems with significant time delays, particularly those modelled as second-order plus time delay (SOPTD) or first-order plus time delay with zeros (FOPTDZ) systems. A core contribution across the presented works is a novel delay handling approach that eliminates the need for finite-term approximations such as Pade, by discretizing the delay into a finite set of poles through appropriate sampling in the discrete-time domain. The proposed methodology leverages exact pole-zero matching for discretization and analytically derives controller gains using coefficient matching techniques, avoiding typical approximations like Euler or Tustin. By translating the dominant pole placement problem into the discrete-time domain, the framework enables rigorous analysis and controller synthesis without introducing approximation-induced artifacts. Stability and performance regions in the controller parameter space are explored using random sampling and global optimization techniques, revealing rich structural patterns, including irregular, multimodal, and discontinuous stabilizable regions - especially in systems with odd-order characteristic polynomials. The framework accommodates systems with diverse characteristics including stable, unstable, integrating, minimum-phase, and non-minimum-phase dynamics. Extensive numerical simulations across a suite of benchmark and challenging plants validate the robustness and effectiveness of the proposed design paradigm, offering a reliable and theoretically grounded pathway for PID control of time-delay systems.

Stefan Klus
Title: Data-driven analysis of complex dynamical systems

Abstract: Many dimensionality and model reduction techniques rely on estimating dominant eigenfunctions of associated dynamical operators from data. Important examples include the Koopman operator and its generator, but also the Schrödinger operator. We will present kernel-based methods for the approximation of transfer operators and differential operators in reproducing kernel Hilbert spaces and show how eigenfunctions can be estimated by solving auxiliary matrix eigenvalue problems. We will illustrate the results with the aid of guiding examples and highlight potential applications in molecular dynamics, fluid dynamics, and quantum mechanics. Furthermore, we will introduce a novel data-driven method called QENDy (Quadratic Embedding of Nonlinear Dynamics) that not only allows us to learn quadratic representations of highly nonlinear dynamical systems, but also to identify the governing equations.




Ioannis Lestas
Title: Stability, instability and optimal control interpretations of distributed optimization algorithms.
Abstract: We consider broad classes of distributed optimization algorithms based on saddle point formulations. We show that despite the nonlinearity and non-smoothness of the dynamics their omega-limit set is comprised of trajectories that solve only linear ODES, which allows to derive necessary and sufficient conditions for convergence. We also derive optimal control interpretations of such algorithms which facilitates their analysis and design.

Jeff Moehlis
Title: Controlling Populations of Neural Oscillators
Abstract: This talk will highlight recent analysis techniques and control frameworks that have been developed to desynchronize a population of pathologically synchronized neural oscillators, a problem that is motivated by applications to Parkinson’s disease where synchronization is thought to contribute to the associated motor control symptoms. The first control strategy to be covered will be optimal chaotic desynchronization for finding an energy-optimal stimulus which exponentially desynchronizes a population of neurons, based only on a neuron’s phase response curve, and will include recent results on the effect of constraints on stimulus magnitude on the control efficacy. The second control strategy to be covered will be optimal phase resetting which brings the neurons’ states near a phaseless set, so that background noise perturbs the neurons onto random isochrons which randomizes their asymptotic phases, and will include recent results on how accounting for stochasticity in the control design can improve performance. These algorithms hold great promise for controlling neural oscillator populations with a variety of control objectives. Our hope is that these successes will motivate more research on how to implement them in experimental and clinical studies, opening the door to more effective and more efficient treatments for Parkinson’s disease and other neurological disorders.
Pablo Rodolfo Monasterios
Title: Constraint-Safe Distributed MPC and Equilibrium Pricing for Renewable Grids
Abstract: The accelerating infusion of renewables is upending both the physical operation and the economics of modern power networks. Their fast, uncertain output forces us to respect tight voltage, current, and device-rating constraints while simultaneously rethinking how energy is priced and traded. This talk presents a unified framework that couples two complementary layers:
- Distributed Model-Predictive Control (DMPC) that orchestrates real-time power dispatch under provable constraint satisfaction, guaranteeing safe voltages, line currents, and converter limits despite renewable intermittency.
- Game-Theoretic Negotiation in which each participant strategically proposes buy-and-sell prices; the resulting equilibrium defines the transaction tariff and naturally aligns local objectives with global welfare.
We rigorously establish convergence for both layers and show how improved forecasts of generation and demand sharpen economic signals, mitigate volatility, and enlarge the feasible operating set. Scenario studies on realistic feeders quantify the gains, revealing a decisive shift in policy and pricing philosophy when control and market design are co-engineered.

Amy Nejati
Title: Data-driven safety synthesis of autonomous systems with provable guarantees
Abstract: Autonomous systems are becoming increasingly essential across various industries, particularly in safety-critical domains. Accurately representing the behavior of such systems through mathematical models requires detailed descriptions of each component. However, for many physical systems, constructing precise models is highly complex and often impractical. This highlights the pressing need for data-driven methods that leverage input-output measurements for verification and synthesis. Nevertheless, ensuring the safety of complex systems using data-driven technique remains a significant challenge. In this talk, I will present my recent results on developing data-driven techniques that offer safety guarantees for the design of complex systems with unknown mathematical models.

John Pearson
Title: Fast Iterative Solvers for Discretized Fluid Flow Control Problems
Abstract: Optimization problems subject to PDE constraints form a mathematical tool that can be applied to a wide range of scientific processes, including fluid flow control, medical imaging, option pricing, biological and chemical processes, and electromagnetic inverse problems, to name a few. It is necessary to obtain accurate solutions to such problems within a reasonable computation time, in particular for time-dependent problems, for which the “all-at-once” solution can lead to extremely large linear systems.

In this talk we consider iterative methods, in particular Krylov subspace methods, to solve such systems, accelerated by fast and robust preconditioning strategies. In particular, we will survey several recent developments relating to fluid flow control problems. These include new block preconditioners, involving so-called commutator arguments for specific matrix terms, and parallel-in-time approaches with bespoke inner solvers. We will illustrate the benefit of using these new approaches through a range of numerical experiments.

Luis Rodriges
Title: The Role of Quadratic Neural Networks in Feedback Control Systems
Abstract: This talk will cast system identification, stability and control design as convex optimization problems, which can be solved efficiently with polynomial-time algorithms.  The main advantage of using quadratic neural networks for system identification and control as opposed to other neural networks is the fact that they provide a smooth (quadratic) mapping between the input and the output of the network. This allows one to cast stability and control for quadratic neural network models as a Sum of Squares (SOS) optimization, which is a convex optimization program that can be efficiently solved.

Michael Schönlein
Title: Control of Families of Linear Systems
Abstract: In recent years the task of controlling a large, potentially infinite, number of states or systems at once using only a single open-loop input or a single feedback controller has posed challenges in mathematical control theory. In this talk we consider the scenario where such families of systems are given in terms of parameter-dependent linear systems, where the parameter set is infinite. The key aspect in this content is that the control tasks should be achieved by parameter-independent inputs. That is, classical control tasks have to performed simultaneously for the entire family of systems. The term ensemble control is also frequently used In the current literature. As a result this topic is located at the crossroad of finite- and infinite-dimensional control theory, operator theory and approximation theory. In this talk, we discuss criteria for (approximate) controllability  as well as  possibilities and limits of ensemble feedback methods for one-parameter families of linear systems.

Andrew Wynn
Title: Control problems for numerical efficiency in computational fluid dynamics
Abstract: We will discuss PDE control problems in fluid dynamics whose aim is to enable efficient numerical simulations of complex, turbulent, flows. A major challenge in computational fluid dynamics is that accurate simulation of industrially-relevant flows—such as the movement of air past trains, aircraft, or cars—is extremely costly, even with modern supercomputing resources. In all these cases, the flow’s behaviour near any solid boundary is of great importance, since this plays a large role in setting the system’s friction, drag, and eventual fuel-efficiency. These flows are called ‘boundary layers’ and this talk will discuss a particular control problem, involving the Navier-Stokes equations, whose goal is to increase the numerical efficiency of simulating them.
 
The technical challenge is that the thickness of a boundary layer changes with the distance along the boundary. This is problematic for numerical simulations, which must use large, and costly, computational domains to capture this variation. One way to mitigate this problem is to use control. An interesting idea is to introduce a fictitious body force to the flow—which we view as the control input—and to solve a reference-tracking problem to maintain a constant boundary layer thickness.  This allows a fixed-length domain with periodic boundary conditions to be used, which dramatically improves the efficiency of numerical simulations. The talk will discuss this reference tracking problem for the Navier-Stokes equations, and present high-fidelity numerical simulations demonstrating that the resulting controlled flows closely match those of spatially evolving boundary layers.

Alex Wray
Title: Optimal control of multiphase flows
Abstract: Multiphase flows are ubiquitous in nature and industry, and controlling them has applications everywhere from carbon sequestration to medical diagnostics. As a consequence, control has seen an ever-increasing focus in the field of fluid dynamics. Unfortunately, inverse problems of this type are typically extremely computationally costly, and most existing studies have focussed on single phase flows which admit convenient bases on which to project suitable reduced dimensional models. Multi-phase studies have typically confined their focus to lubrication-type equations, which have limited applicability. Here the more complex problem of free-surface flow down an inclined plane is examined, simulated using the volume-of-fluid open-source solver Basilisk. Control is implemented via developing an extremely high-fidelity reduced order model using a projection method akin to the Method of Weighted Residuals, and using a Model Predictive Control loop to control the direct numerical simulation with judicious use of the model. Actuation is achieved via imposing a spatiotemporally-varying electric potential on an electrode parallel to the substrate. The model is investigated in detail, demonstrating a high degree of accuracy even into the short-wave regime. The control mechanism is shown to be applicable to both uniform and non-uniform target states, and the efficacy of the model predictive control loop is investigated across a wide variety of parameters.

Hong Yue
Title: Robust and Optimal Design of Experiments for Data-Based Modelling
Abstract: Optimal design of experiments (DoE) is an essential tool to build and validate mathematical models when experimental data are used for modelling. It is particularly important when experiments to generate data are expensive and complex, as a consequence the data time series are often sparse and noisy. The purpose of optimal DoE is to maximise the information content in the data produced from the designed experiments, mostly quantified by Fisher information matrix based criteria. Standard OED methods are affected by uncertainties in the pre-assumed models, a range of robust experimental design methods are thus proposed to address issue of model uncertainty. In this talk, some recent progresses in optimal and robust experimental design are presented with discussions on design criteria, formulation of optimisation problems, computational procedures, etc. Experimental design of initial conditions and sampling scheduling on several case study examples including NF-kB signal transduction pathway, enzyme reaction system, bio-diesel production system are discussed.

Yuyang Zhou
Title: Stochastic Control via Fully Probabilistic Design  (FPD) and Minimum Entropy Control
Abstract: Unlike conventional deterministic control, stochastic control explicitly accounts for system uncertainty caused by process noise, sensor errors, and unmodelled dynamics. This talk introduces two complementary approaches: Fully Probabilistic Design (FPD), which formulates control synthesis as a distribution-matching problem by steering the closed-loop behaviour toward a target probabilistic model; and minimum entropy control, which reduces uncertainty by directly minimising the entropy of system state distributions without assuming Gaussianity. Both methods go beyond second-order statistics and support flexible, robust policy design under complex uncertainty, with applications in paper machine regulation, smart grid management, and combustion control.
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