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A SampledData Scheme for Fast Stochastic Nonlinear
Model Predictive Control

Hussain Al Ramadan

ABSTRACT

Thefocusof thisworkis onthedevelopmendf newandefficientmethodgo solvenonlineaModelPredictiveControlNMPC)undemuncertainty.
In this work, stochasticNMPC combinedwith a sampleddataschemas developed.Thecontrollerutilizesavariablepredictiorhorizonanda

terminalconstraintset. At eachsamplingpoint, thecurrentinputtrajectoryis to beimproved by a singlestepoptimizationfollowing a

suboptimakolutiontotheMPC. Theobjectivefunctionvaluemonotonicallydecreasesndthestateg€onvergetoatargetset whichmaybethe

origin. Thisisperformedn discretetime to ensuréhighcomputationaéfficiency. Thedevelopedontrolalgorithmis appliedto abenchmark
problem,in whichtwo statesareto becontrolledby actuatingonecontrolinput.
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In situ Product Removal of Succinicacid from Fermentation Medium Using
an Amine Functionalized Polyacrylamide Hydrogel Absorbent

Jonathan (Jake) Alexiou

ABSTRACT

In the past, succinic acid and its derivatives have been produced in relatively small quantities as specialty cheppdziationsa

in the pharmaceutical and food industries. For its smaller specialty chemical market succinic acid has been mnodcicechital
precursors derived from petroleum, principally maleic anhydride. Succinic acid can also be produced biologically vigitermenta
from bacterium such a&ctinobacillus succinogeneRecently, interest in large scale production of biologicetisic acid has been
driven by its applications as a precursor molecule in the synthesis of commodity chemicals, subhtasécdol and tetrahydrofuran.
For bulk production of biological succinic acid to be applicable, higher production rates, wetisiters must be achieved.
Furthermore, production costs must also be reduced through less wasteful pH control methods and more efficient recoirgcy of su
acid from fermentation mediunin situ product removal (ISPR) is a promising solution to theslems. By actively removing
product from the fermentation medium as it is formed, toxic product accumulation is deferred, prolonging the fermengation tim
subsequently increasing production rate, yield, and titer. Recently, polyacrylamide hydrogeleéavproposed as absorbents in
closed loop ISPR fermentation systems. The amine functionalized polymer absorbs succinic aeiddibzs® reaction, sequestering

it away from the aqueous phase in the form of an ammonium succinate adlition, tle acid base reaction increases the pH of the
fermentation medium, which can be fed back to the fermenter for pH control. This work is an investigation into the effeaifven
an amine functionalized polyacrylamide hydrogel absorbent in a closed loogySteR. A polyacrylamide hydrogel was synthesised
and characterized for succinic acid absorption including, capacity, stability, selectivity, sorption dynamic, and re&saddijtya
closed loop ISPR fermentation system was assembled and operdiegttsuccinic acid fermentation medium through a column
containing the polyacrylamide hydrogel, and back to the ferméateH control.
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Preparation of CO2-Switchable Latexes Using Dimethylaminopropyl
Methacrylamide (DMAPMAmM)

Joe Glasing

ABSTRACT

A large number of problems in process systems engineering require that decisions are made in the presence of uncevinty. One
to capture uncertainties explicitly is to model the problem as a scdramgnl twestage stochastic program. Theuldag problem is

a large scale global optimization problem that brasmttboundbased solvers cannptovide solution in reasonable time or even fail

to converge.

This work proposes a rigorous decomposition approach devagbbfit branch and bound aech, to efficiently solve nonconvex
stochatic mixedinteger nonlinear programming problems to global optimality. In this approach, we view the variables coupling the
scenario dependent variables, ilemking variables and those participating in theoncorvexity ascomplicating variablesWe
systematically combine Lagrangian decomposition (dualizing niveanticipativity constraintson the linking variables) and
generalized Benders decomposition (with projection onto the complicating variables ispachgle 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 solwdteamgcessary. An extensive domain
reduction calculation is integrated at the decomposition level and this ensures that the Benders relaxed master probem becom
relatively easy to solve when we do solve it. We demonstrate the performance of the ditimompethod using case studies of two
process network design and operation problems.
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Magnetotaxis enables magnetotactic bacteria to
navigate in strong Stokes flows

Saeed Rismani Yazdi

ABSTRACT

Magnetoreceptiois a natural navigation mechanism that is employed Wgrietyof species ranging from homing pigeons, bats, and
honeybees, to a class of motile bacteria called magnetotactic bacteria (MTB). MTB swim using flagella and contain ktaintercel
chain of b to 20 ferromagnetic crystals about 50 nm in size that called magnetosomes. Under an applied magnetic &laipTB

a behavior called magnetotaxis. Here, using microfluidics and-dpghd imaging, we demonstrate tidagnetospirillum
magnetotacticon strain AMB-1 can be directed by an applied magnetic field to navigate in strong flows. We demonstrate that floating
nonviable MTB promptly align in response to a rotating magnetic field with no transversal movement, indicating that thé effect o
magneticfield is simply a passive alignment and not an active sensing effect. In addition, we indicate that motile MTB exhibit a
directed motion along convoluted and predefined trajectories by precise control over the direction of the applied ralaghiofi

a microfluidics strategy, we characterized the potential of MTB to swim through strong perpendicular and counter Stokes flows
representing a physiologically relevant flawwivo. Together, the magnetotactic behavior and the ability of MTB to actneeligate
through strong flows on predefined courses, provides a unique opportunity for their applications in biotechnology ared medicin




Faculty of Engineering and Applied Science
Chemical Engineering Seminar Series

ERSITY

Towards a Fully Decentialized Model Predictive Control Technique
Sebastien Skoko

ABSTRACT

In a conventional model predictive control (MPC) setup, a multivariate optimization problem is solved at each timeciepdapr

set of optimal control moves over a given control horizon, at which point the first of these is selected as the enpystenth Here,

an extremunseeking approach is proposed for application as dimealoptimizer in a discreteme MPC framework. This method
treats each input along the control horizon as an individual, dynamic agent that shares-enkaslised cosiver a network man

aged by a distributed extremeseeking controller. This technique involves guiding agents to states minimizing local costs in a
cooperative manner, concordantly acting to optimize a global cost without requiring each agent to hava@nkaowledge of the
latter. This is accomplished by means of a dynamic average consensus algorithm that provides each agent with an bstimate of t
average total cost (ATC), which they track by using a recursivesgastres algorithm for tirrearyingparameter estimation. Agents
select inputs based on a gradient descent law that drives their respective estimates of the ATC to the desired exttemtumngy s

the optimization routine in this fashion, the need to solve égotially largescale poblem at each iteration is avoided. A case study

in which the proposed framework is implemented as the controller for two CSTRs in series is presented as proof of concept.







