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Abstract 
Suppose a formation shape, in an ambient space dimension of 1,2 or 3, is being 
controlled through active control of a nominated set of interagent distances.  
Suppose further that the two agents defining any such distance both try to correct 
any difference between the actual distance and its desired value. Finally suppose 
that either there are unequal biases in the measurements of one or more distances 
by the associated pair of agents, or the two agents have differing views as to what 
the correct distance should be.  It is easy to see that with two agents only, such a 
situation results in both agents asymptotically moving at the same constant nonzero 
velocity with, in the second scenario, a spacing between the views held by the two 
agents as to the correct distance. Much the same happens for a group of agents 
confined to move on a straight line.  
  The talk will explain that result, and then go on to consider what happens in the 
case of formations in an ambient two-dimensional and three-dimensional space. 
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Loop shaping from Bode to Glover 
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Abstract 
The talk gives an historical perspective on loop shaping. The foundation was made 
by Bode, who discovered the relations between amplitude and phase. Bode also 
developed a powerful technique for designing controllers that are robust to large 
variations of process gain. He found a shape of the loop transfer function which gave 
a constant phase margin for large gain variations which he called the ideal “cut-off 
characteristic”. 
  Combined with an experimental method for determining the transfer functions of a 
system experimentally loop shaping became a standard design method for designing 
control systems which was used very successfully in the frequency response era. 
Later Horowitz extended Bodes results to more general process variations leading to 
the QFT method. Both Bodes and Horowitz methods were graphical and difficult to 
apply to multi-variable systems. A dramatic improvement were made by Glover and 
McFarlane and Glover who developed a general technique that was computationally 
feasible for multi-variable systems. 
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Closing the GAP Between Models and Data: A Flight Control Application 
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Abstract 
Ensuring the reliability of safety-critical flight control systems is a major challenge for 
the aerospace industry. The integration of Uninhabited Aerial Systems (UAS) into the 
airspace adds a new dimension to the challenge: validation and certification of low 
cost avionics and platforms.  Low cost UAS will rely extensively on mathematical 
models to reduce design costs, speed up the design cycle, validate changes and 
certify system performance to governmental agencies. Hence efficient and reliable 
validation of such models based on ground test and flight data is key to the 
successful and safe integration of UAS into the airspace. The aim of this work is to 
relate model validation metrics to classical notions of robustness in control theory.  
The gap metric provides a natural framework to validate aircraft mathematical models 
in the presence of model error and disturbances.  The proposed framework is applied 
to the University of Minnesota Unmanned Aerial Vehicle Flight test platform. 
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Robust stability analysis for feedback interconnections of open-loop unstable 
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Abstract 
An approach to robust stability analysis for structured feedback interconnections of 
open-loop unstable systems will be discussed. The approach involves a blend of 
integral-quadratic-constraint (IQC) and gap metric based analysis.  Results that 
accommodate linear time-varying behaviour will be presented in terms of a recent 
generalisation of the nu-gap metric. 
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Abstract 
Electronic engine management systems have played an essential role in achieving 
the current standards of passenger vehicles reliability and their low toxic emissions. 
The associated set of legislated requirements has recently been complemented with 
an emphasis on reducing CO2 emissions. Addressing this issue has significant 
technological implications as capturing carbon dioxide from exhaust gases is not a 
feasible solution. Emissions of CO2 are closely coupled with fuel consumption and 
belong to the vehicle's, rather than the engine's exclusive, features. Therefore, the 
range of plausible technologies is broad and the discussion extends also to the 
energy supply associated with particular concepts. Among the many approaches that 
have been considered, the most popular include alternative powertrains (e.g. electric, 
hybrid electric, alternative fuels), engine downsizing, down-speeding and advanced 
combustion systems.  
  The concepts of engine downsizing and down-speeding offer reductions in CO2 
emissions by reducing engine pumping and friction losses. Conventionally, rated 
torque and power for downsized units are recovered by means of turbocharging. 
Delivering a satisfactory transient response of such engines is challenging, because 
it is affected by the static and dynamic characteristics of the turbo-machinery. The 
control problem in such a case is dominated by the necessity to observe the physical 
constraints, which vary in terms of their nature and severity.  
  Model based control techniques combined with optimisation are a suitable set of 
tools for investigating such systems. As an illustration, several turbocharger 
assistance systems with a short-term energy storage are considered here.  
A systematic method for evaluating these concepts is discussed. The method is 
formulated using a controller, which is based on the Model Predictive Control 
framework and uses a linearised mean value model to optimise the predicted 
behaviour of the engine. As a result, injecting compressed gas into the exhaust 
manifold was identified as an effective method, which to date has attracted only a 
limited attention from the engine research community. 
  The effectiveness of the exhaust manifold assistance was experimentally verified on 
a light-duty Diesel engine. This led to the development of the BREES system: a low 
component count, compressed gas based system for reducing turbo-lag. It was 
shown that during braking manoeuvres a tank can be charged with compressed gas 
to the level sufficient for a subsequent boost assistance event. 
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Abstract 
In this talk, we present recent results on the stability and robustness properties of 
transportation networks for various agents' route-choice behaviour. We perform the 
analysis within a dynamical system framework over a directed acyclic graph between 
a single origin-destination pair. The dynamical system is composed of ordinary 
differential equations (ODEs), one for every link of the graph. Every ODE is a mass 
balance equation for the corresponding link, where the inflow term is a function of the 
agents’ route-choice behaviour and the arrival rate at the base node of that link, and 
the outflow term is a function of the congestion properties of the link.  
We propose a novel decision framework, where the drivers combine their historical 
knowledge about the global congestion levels with real-time local information to make 
route choice decisions at every node. We show that, if the rate of update of global 
information is sufficiently slow and if the drivers make route choice decisions 
cooperatively, then the Wardrop equilibrium is globally asymptotically stable. We then 
study the resilience of the flow transferring capability of the whole network under 
disturbances that reduce the flow carrying capacity of the links. In particular, we 
characterize various margins of resilience of the network with respect to the topology, 
'pre-disturbance' equilibrium, and agents' local route-choice behaviour. We show that 
the cooperative route choice behaviour is maximally resilient in this setting. We also 
setup a simple convex optimization problem to find the most resilient 'pre-
disturbance' equilibrium for the network and determine link-wise tolls that yield such 
an equilibrium.  Finally, we extend our analysis to link-wise outflow functions that 
accommodate the possibility of cascaded failures and study the effect of such 
phenomena on the margins of resilience of the network.  
**This work is done in collaboration with Giacomo Como, Ketan Savla, Daron 
Acemoglu, and Emilio Frazzoli.  
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Universal laws and architectures in networks: What would Keith do? 
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Abstract 
This talk will focus on progress towards a more unified/integrated theory for control of 
complex networks motivated by challenges such as sensorimotor control and 
learning in neuroscience, control and evolution in the bacterial biosphere, and 
technological architectures such as future smartgrid and Internet.  We will argue that 
forward and reverse engineering of these systems will require a focus on themes 
pioneered by Keith Glover and the Cambridge Control Group throughout his career, 
including explicitly designing for robustness, simplicity, and scalability of algorithms 
and implementations.  What is new in these applications is that not only are control 
laws distributed and automated, but synthesis of control laws must also be as well.  
This means that design shifts from individual controllers (where traditionally, design 
cost is amortized over many expensive but identical systems such as commercial jet 
aircraft) to network architectures of protocols that automatically synthesize and 
implement layered and distributed control systems. Fortunately, it appears that these 
systems do and should have universal laws and architectures despite their enormous 
differences in components and environments.  Understanding and exploiting these 
similarities and differences requires newly subtle interplay between robustness, 
adaptation, and evolution, estimation and control, model and controller reduction, 
control and communications and computation, and plant/controller co-design.   
A useful starting point is to ask a simple question.  What would Keith do? 
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Automata-switched Systems: Centralized Control and Team Games 
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Abstract 
Switching is a common feature in control and networked systems, and can occur for 
instance due to changes in environment, mission objectives, communication 
infrastructure, or attributes of physical processes. In this talk we will focus on a 
specific class of switched systems --- automata-switched linear systems. These are 
linear systems whose model parameters switch non-stochastically according to the 
dynamics of finite automata. Considered will be feedback control of such systems in 
(1) a centralized setting where controllers have direct access to the automata states; 
and (2) a two-player team game where players jointly know the switching modes, but 
have only partial observations individually. Starting with centralized control, we will 
define performance and stability for such systems using both worst- and average-
case criteria, and show that analysis and feedback synthesis for automata-switched 
systems can be exactly characterized in terms of a nested chain of semidefinite 
programs; feasibility of any SDP in the chain provides a performance/synthesis 
guarantee, and infeasibility provides a lower bound on achievable performance.  
In part of the work presented we will show how the long-studied receding horizon 
problem can be posed as a special case of this framework, and provide an exact 
solution.  Secondly decentralized control will be addressed, and we consider a two-
player switched team game where player policies can only use local information 
about current values of switching parameters and feedback measurements, but 
acquire access to the other player’s local information after a one-step delay. In the 
quadratic cost formulation, we will provide a solution to the optimal team policy in 
terms of standard linear algebra; this will be achieved via two different approaches, a 
best-response technique, and a more traditional method from team theory. 
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When Physics and Control Theory Collide 

Bruce Francis 
University of Toronto 

 
Abstract  
This talk relates in anecdotal form one control theorist's attempt to understand some 
current physics. 
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Robust Control meets Nonsmooth Optimization 
Pascal Gahinet 
The MathWorks Ltd 

 
Abstract  
Robust control theory has taken classical frequency-domain design to the next level 
and delivered an impressive array of tools and techniques. Yet its adoption in 
industry has been lagging, often because available tools do not fit existing control 
structures and workflows. This talk makes a case for freeing robust control from the 
shackles of Riccati equations and LMIs. By using specialized optimization 
techniques, we can directly apply the robust control methodology to conventional 
structures and workflows, which helps bridge the gap between theory and practice. 
Applications to multi-loop and gain-scheduled control systems illustrate the 
effectiveness of this approach. 
 
Note: This is joint work with Pierre Apkarian from ONERA, France. 
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Closed-loop optimal experiment design: solution via moment extension 
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Abstract 
We consider optimal experiment design for parametric prediction error system 
identification of linear time-invariant multiple-input multiple-output (MIMO) systems in 
closed-loop when the true system is in the model set. The optimization is performed 
jointly over the controller and the spectrum of the external excitation, which can be 
reparametrized as a joint spectral density matrix. The optimal solution consists of first 
computing a finite set of generalized moments of this spectrum as the solution of a 
semi-definite program. A second step then consists of constructing a spectrum that 
matches this finite set of optimal moments and satisfies some constraints due to the 
particular closed-loop nature of the optimization problem. This problem can be seen 
as a moment extension problem under constraints. We first show that the so-called  
central extension always satisfies these constraints, leading to a constructive 
procedure for the optimal controller and excitation spectrum. We then show that, 
using this central extension, one can construct a broader set of parametrized optimal 
solutions that also satisfy the constraints; the additional degrees of freedom can then 
be used to achieve additional objectives.  
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The VAAC Harrier and H-infinity Loop Shaping - What Did We Learn? 
Rick Hyde 
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Abstract 
The presentation will start with a review the work that led to the first flight test of a 
gain-scheduled H-infinity control law. The flight was a success, but more importantly 
many insights were gained along the way related to control law design such as the 
importance of feedback architecture and careful management of actuator constraints. 
Using these insights, plus subsequent experience gained from working on missile 
autopilots, I will present my top ten lessons learnt pertaining to successful 
multivariable control deployment. 
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Control motifs in the hypoxic response of cells 
Pablo A. Iglesias 
The Johns Hopkins University 

  
Abstract 
Homeostasis, the ability of a cell or organism to maintain a steady state by adapting 
to changing conditions, is a recurring theme in biology. Cells achieve homeostasis 
using complex regulatory systems that employ a variety of control mechanisms, 
including feedback loops and feed forward elements. In this talk I will discuss the 
regulatory pathway in the fission yeast Schizosaccharomyces pombe, which allows 
the yeast to adapt to hypoxia (low oxygen) by increasing transcription of genes 
needed for the yeast to survive under hypoxic conditions.  I will demonstrate how a 
computational model allows us to show that two distinct regulatory functions of Ofd1, 
a protein involved in the hypoxic response, are necessary for the system to achieve 
the level of performance observed experimentally, a finding that would be very 
difficult to obtain by in vivo experimentation.  In addition to elucidating general 
principles of biological regulation, this model quantifies our understanding of an 
oxygen-sensing pathway whose parts are conserved among several species of fungi 
as well as in human cells.  This is joint work with Peter Espenshade and Joshua 
Porter. 
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Stochastic control of multi-player systems 
Sanjay Lall 
Stanford University 

 
Abstract 
For centralized control systems, one of the major simplifying ideas is the separation 
principle, which states that one can make optimal choices of control actions based 
only on estimates of the system state. We discuss how this changes for multiplayer 
control systems, and give new simple separation principles which work in this setting. 
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Will Machine Learning Change the System Identification Paradigm? 
Lennart Ljung 
Linköping University 

 
Abstract 
State-of-the-Art System Identification works with well defined model structures and 
Maximum-likelihood type parameter estimation algorithms. This paradigm is well 
founded and supported by theory, algorithms, software and industrial applications. 
Machine Learning tackles essentially the same family of problems, and has been 
very successful in attracting wide interest, with a (seemingly) different box of tools. 
The question is what impact this will have on the system identification community. 
This presentation looks at a few aspects of this question, primarily at the roles of 
regularization, kernel methods, and Gaussian process regression. 
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Stochastic Dissipative Systems 
Sanjoy K. Mitter 
Massachusetts Institute of Technology 

 
Abstract 
In this talk, I discuss a generalization of Willems' ideas on dissipative systems to 
stochastic systems.  A definition of a storage function in the stochastic setting is 
proposed and its connections to the value function of a Bellman equation is 
discussed.  (Joint work with Vivek Borkar and Ari Arapostathis.) 
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Fast Model Predictive Control 
Manfred Morari 
ETH Zurich 

 
Abstract 
In the 1980s Model Predictive Control (MPC) became the algorithm of choice in the 
process industries for demanding multi-variable applications involving constraints. 
Today's vastly more powerful computational resources and a series of new 
algorithms have made these tools suitable for problems of essentially any size and 
time scale. I will describe the road taken and illustrate the effectiveness with 
industrial examples from the automotive and power electronics domains and the 
industrial energy sector. 
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(U.S.). Manfred Morari has held appointments with Exxon and ICI plc and serves on 
the technical advisory boards of several major corporations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Feedback and Control in Biological Circuit Design 
Richard M. Murray 
California Institute of Technology 

 
Abstract 
Biological systems make use of feedback in an extraordinary number of ways, on 
scales ranging from molecules to cells to organisms to ecosystems.  In this talk I will 
discuss the use of concepts from control and dynamical systems in the analysis and 
design of biological feedback circuits at the molecular level.  After a brief survey of 
relevant concepts from synthetic biology, I will present some recent results that 
combine modeling, identification, design and experimental implementation of 
biological feedback circuits.  These results include the use of intrinsic noise for 
system identification in transcriptional regulatory networks, analysis of the role of 
multiple feedback loops in providing robust behavior (ultrasensitivity and 
biomodality), development of in vitro circuits for rate regulation and even detection, 
and the use of time delay as a means of designing biomolecular feedback dynamics.  
Using these results as examples, I will discuss some of the open problems and 
research challenges in the area feedback control using biological circuits. 
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Scalable Robustness Analysis Using Integral Quadratic Constraints 
Anders Rantzer 
Lund University 

 
Abstract 
The concept of Integral Quadratic Constraint (IQC) has long been known as a 
versatile tool for robustness analysis of dynamical systems. Numerous common 
model imperfections can be efficiently described this way, for example parametric 
uncertainty, disturbances with bounded frequency content and nonlinear effects such 
as friction and hysteresis. Based on this idea, rigorous bounds on performance 
deviations can be computed using semi-definite programming. Computer tools for 
robustness analysis using IQCs were developed already in the 1990s. However, 
computational complexity has remained an obstacle for more wide-spread use in 
applications. 
  In this presentation, we will discuss a method to drastically improve the 
computational scalability of IQC analysis, using sparse decomposition of positive 
definite matrices. This makes it possible to verify stability and performance of large-
scale systems with certificates that can be verified individually for each component. 
Connections to model reduction and robust control will also be addressed. 
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Managing Transaction Costs in a Dynamic Trading Strategy 
James Sefton & Sylvain Champonnois 
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Abstract 
Transaction cost risk is the risk that an investor cannot exploit a good investment 
opportunity because it involves too high a transaction cost. Hedging transaction cost 
risk generate an intertemporal hedging motive that complements the well-known 
intertemporal hedging demands of Merton (1973). 
  The paper sets up the dynamic portfolio problem in the presence of time-varying 
risk premiums and transactions costs.  We are able to derive an explicit solution in 
terms of a risk-sensitive Riccati equation and show the connections to the stochastic 
discount factor that prices the assets. Further we show the optimal portfolio has a 
clear structure in terms of a weighted average of solutions to an instantaneous mean-
variance problem. We use the approach to design a dynamic value strategy. 
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Loop shading, localised behaviours, and multi-resolution feedback systems 
Rodolphe Sepulchre 
University of Cambridge 

 
Abstract 
The foundation of computational neuroscience is a nonlinear RC circuit modelling the 
electrical activity of the neural membrane. This conductance-based modelling 
principle was proposed by Hodgkin and Huxley in 1952 and mostly unchallenged to 
date.  In an effort to extract the signalling principles of such circuits, we introduce a 
particular class of nonlinear behaviours characterized by a localization constraint in 
range, time, and space. We propose an elementary feedback motif that robustly 
achieves this localization and that is repeatedly found in conductance-based models. 
The proposed feedback motif is a natural atom for multi resolution feedback systems. 
We argue that this principle could have some generality in multiscale spatiotemporal 
signalling. 
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Near Ideal Behaviour of a Modified Elastic Net Algorithm in Compressed 
Sensing 
Mathukumalli Vidyasagar 
University of Texas 

 
Abstract 
In recent years the subject of compressed sensing has found wide applicability.   
The main results in this area state that it is possible to recover a sparse signal 
exactly by making a small number of error-free measurements, or approximately via 
a small number of noisy measurements, by minimizing the ell_1 norm of the residual 
vector.  This approach is closely related to the so-called LASSO algorithm for 
regression.  In the world of regression, LASSO is often replaced by the so-called 
Elastic Net (EN) algorithm, but it is not known whether the solution of the EN has the 
same desirable properties as the solution of the LASSO.  In this talk, it is shown that 
by modifying the EN algorithm, it is possible to achieve all of the same properties.   
In particular, there is nothing special about the ell_1 norm.  There are infinitely many 
norms that permit the exact/approximate recovery of sparse signals with error-
free/noisy measurements. 
  
Biography 
M. Vidyasagar was born in Guntur, India on 29 September 1947.  After completing 
his Ph.D. at the University of Wisconsin in 1969, he spent the next 20 years in 
Canada and USA as a professor of Electrical Engineering.  In 1989 he returned to 
India, first as Director of the Centre for Artificial Intelligence and Robotics under the 
Government of India, and then as an Executive Vice President of Tata Consultancy 
Services, India's largest software company.  In 2009 he retired from TCS and joined 
the University of Texas at Dallas as Cecil & Ida Green Chair in Systems Biology 
Science.  He is the author of 10 books and nearly 140 journal articles.  He has 
received many awards and honours, the most notable of which are: Fellowship in 
The Royal Society, the IEEE Control Systems (Field) Award, and the Rufus 
Oldenburger Medal of ASME. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Information processing and control in biological systems; some fundamental 
limits 
Glenn Vinnicombe 
University of Cambridge 

 
Abstract 
Many biological processes, from insect vision to gene regulation, are constrained by 
the effects of delays and small numbers. There are many different ways of attempting 
to quantify this. In order to rigorously capture the limitations, to keep us honest, we 
choose to look at their impact on the system's ability to solve causal estimation and 
control problems. Models of biological systems are, at best, sparsely characterised; 
with large margins of error even then. Our general approach is to assume that some 
observable aspects of the sensing or regulatory network are known and to then 
abstract away the rest of the network by optimising over it. What is the best that 
nature could be doing, given the constraints it is acting under? For the regulation of 
copy numbers of molecules in the cell we will show that the limitations imposed by 
delays in response or by small numbers of signalling molecules are severe, 
particularly when they occur in combination. For insect vision, an understanding of 
the fundamental limitations in early visual processing leads to a better understanding 
of more complex problems.  We propose this approach as a new way of studying 
biological dynamics; where lack of knowledge need not prevent us from saying some 
things with confidence.  
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A System Approach to Investing in Uncertain Markets 
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Abstract 
In this talk, we try to understand a stock market from a system point of view. It is said 
that the only certainty in any stock market is the uncertainty. Hence robust control 
theory may play a critical part in achieving superb performance in the stock market. 
We propose a new technical analysis technique to give us a timely indicator for going 
in and out of the market so that excellent return can be achieved. We have back-
tested our approach with historical data with various market indexes and ETF funds. 
The results are extremely encouraging. 
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