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Consensus estimation and distributed optimization over unknown time-varying 
networks using a new proportional-integral extremum seeking control approach 

 
Judith Ebegbulem 

 
ABSTRACT 
In the absence of precise knowledge of network connectivity, can system-wide objectives be met when it comes to real-time 
optimization of large scale distributed systems? In this paper, we consider such a problem where the communication network is 
assumed to be unknown and time-varying and each agent is faced with the task of ensuring that the overall cost (the sum of the local 
cost of all the agents) is minimized. Each agent has access to the measurement of two cost functions referred to as the local cost and the 
local disagreement cost respectively. The objective is to optimize the system to the unknown optimum of the unknown but measured 
overall cost which depends on the minimization of the local disagreement cost of all the agents. For the local disagreement cost 
functions to be minimized, dynamic consensus estimation is required. This ensures that the agents reach agreement on their inputs. To 
help tackle this challenging problem, a new distributed proportional-integral extremum seeking control technique is proposed, one 
that first solves the problem of minimizing the disagreement among the agents and secondly minimizes the overall cost. Included is a 
simulation example that shows the effectiveness of this technique. 

 
Key words: Distributed optimization, proportional-integral extremum seeking control, consensus estimation, unknown time-varying 
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Constrained Discrete Time Extremum Seeking Control for Unit 
Power Minimization 

 
Samuel Peter 

 
ABSTRACT 
In this work, we present a discrete time time-varying extremum seeking control approach with constraints as a real time 
optimization problem to minimize the unit power consumption of a nitrogen liquefier. Given the increasing complexity of engineering 
systems, difficulties are often met in developing models that describe these systems completely and accurately, hence during 
optimization, the true optimum cannot be achieved with such models. However, extremum seeking control is model independent and 
hence well suited for optimizing such engineering systems. In order for this optimization approach to find the extremum, convexity 
between the input-output map is necessary and this was shown using a partial least square (PLS) regression model. The PLS model 
identified feed gas discharge pressure, turbine flow ratio, and heat exchanger sub-cooler level set point as the manipulated variables 
that have the most effect on the unit power consumption of the liquefier. The simulation result from a UniSim model shows a small but 
significant reduction in the unit power. 

 
Key words: Discrete time ESC, real time optimization, constrained estremum seeking control 
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A rigorous decomposition framework for global optimization under uncertainty 
 

Emmanuel Ogbe 
 

ABSTRACT 
A large number of problems in process systems engineering require that decisions are made in the presence of uncertainty. One 
way to capture uncertainties explicitly is to model the problem as a scenario-based two-stage stochastic program. The resulting 
problem is a large scale global optimization problem that branch-and-bound-based solvers cannot provide solution in reasonable 
time or even fail to converge. 

This work proposes a rigorous decomposition approach devoid of explicit branch and bound search, to efficiently solve 
nonconvex stochastic mixed-integer nonlinear programming problems to global optimality. In this approach, we view the 
variables coupling the scenario dependent variables, i.e., linking variables, and those participating in the nonconvexity as 
complicating variables. We systematically combine Lagrangian decomposition (dualizing the nonanticipativity constraints on 
the linking variables) and generalized Benders decomposition (with projection onto the complicating variables space) in a single 
framework. A sequence of upper bounds from the primal problem, and a sequence of lower bounds from Lagrangian subproblem 
and Benders relaxed master problem, are generated; the Benders relaxed master problem, a difficult problem, is solved only 
when necessary. An extensive domain reduction calculation is integrated at the decomposition level and this ensures that the 
Benders relaxed master problem becomes relatively easy to solve when we do solve it. We demonstrate the performance of the 
decomposition method using case studies of two process network design and operation problems. 
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Formation control of high-altitude balloons by 
distributed extremum seeking control 

 
 

Isaac Vandermeulen 
 

ABSTRACT 
One way to provide wireless internet access to the entire earth is to use a network of several thousand high-altitude balloons. 
These balloons float in the stratosphere, passively riding on stratospheric wind currents. To provide a satisfactory internet 
connection everywhere, the balloons must remain spread out as they move around the earth. Controlling the formation of these 
balloons is a difficult challenge as the wind currents are nonlinear, time-varying and difficult to predict. In this talk, I will explain 
a method of controlling the formation of these balloons using distributed extremum seeking control (ESC). Under a distributed 
architecture, each balloon controls its own actions without the network requiring a centralized coordinator. Instead, balloons 
share information with nearby balloons to ensure cooperation. The ESC algorithm implemented by each balloon does not require 
a model of the wind currents and only uses the balloons’ local measurements and information received from nearby balloons. A 
simulation study involving 20 balloons is used to verify the effectiveness of this approach. 
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Exact Analytical Solution for Large-Amplitude Oscillatory Shear Flow 
 

Chaimongkol Saengow 

ABSTRACT 
When polymeric liquids undergo large-amplitude shearing oscillations, the shear stress responds as a Fourier series, the higher 
harmonics of which are caused by fluid nonlinearity.  Previous work on large-amplitude oscillatory shear flow has produced 
analytical solutions for the first few harmonics of a Fourier series for the shear stress response (none beyond the fifth) or for the 
normal stress difference responses (none beyond the fourth) [JNNFM, 166, 1081 (2011)], but this growing subdiscipline of 
macromolecular physics has yet to produce an exact solution.  Here, we derive what we believe to be the first exact analytical 
solution for the response of the extra stress tensor in large-amplitude oscillatory shear flow.  Our solution, unique and in closed 
form, includes both the normal stress differences and the shear stress for both startup and alternance.  We solve the corotational 
Maxwell model as a pair of nonlinear coupled ordinary differential equations, simultaneously.  We choose the corotational 
Maxwell model because this two-parameter model (0and ) is the simplest constitutive model relevant to large-amplitude 
oscillatory shear flow, and because it has previously been found to be accurate for molten plastics (when multiple relaxation 
times are used).  By relevant we mean that the model predicts higher harmonics.  We find good agreement between the first few 
harmonics of our exact solution, and of our previous approximate expressions (obtained using the Goddard integral transform).  
Our exact solution agrees closely with the measured behavior for molten plastics, not only at alternance, but also in startup.   
 
Keywords:  Large-amplitude oscillatory shear flow, LAOS, higher harmonics, Fourier-transform rheology, FT-rheology, 
corotational Maxwell fluid, Kovacic method 
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Complex polymer orientation in Large-Amplitude Oscillatory Shear 
 

Peter Gilbert 
 

ABSTRACT 
In our previous work, we explored the dynamics of a dilute suspension of rigid dumbbells as a model for polymeric liquids in 
large-amplitude oscillatory shear (LAOS) flow. We derived the expression for the dumbbell orientation distribution, and then 
we decomposed this function into its first five harmonics (the zeroth, first, second, third and fourth harmonics). In this work, we 
separate each harmonic into its components in and out of phase with and use three-dimensional images to investigate complex 
polymer motion undergoing LAOS. Our analysis focuses on the nonlinear vicoelastic regime, where both and exceed unity. We 
learn that harmonic components in and out of phase with contribute orientation differently, and that out-of- phase components 
tend to give more probable orientation away from the flow direction. We find that the total orientation distribution is peanut- 
shaped for non-linear viscoelasticity. The peanut-shaping is caused by the second harmonic and the tilting of the shape is a result 
of the first harmonic. 

 
 
 
 
 
 


