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ABSTRACT

Model Predictive Control (MPC) is one of the most widely used control techniques in the
industry. The popularity of MPC is apparent as it handles many input-output variables and
constraints simultaneously. Despite the advantages, MPC faces some challenges. The compu-
tation time taken for MPC is extortionate as it has to solve an optimization problem at each
sampling instant. In the quest to reduce computational effort, researchers have proposed various
techniques like move blocking, sub-optimal control, etc. These strategies suffer from stability
and performance guarantee issues. With a focus on extending the application domains of MPC,
this thesis proposes several computationally efficient formulations for Model Predictive Control.
This thesis attempts to address the computational issue from various angles: varying predic-
tion horizon, reduction of constraints, event triggering framework, and approximate dynamic
programming approach. To reduce the number of variables in the optimization problem, the
thesis proposes a simple technique by which a short prediction horizon can be determined. The
analysis of the disturbance effect in the proposed method led to a superior algorithm compared
to the initial proposal. In the practical implementation of MPC, the constraints are active
for only a fraction of the entire plant operation time. Hence, we propose the constraint-aware
formulation in the optimization problem. In this technique, the constraints are determined
that may be active in the immediate future and considered in the optimization problem. The
thesis further presents an event-triggering formulation that reduces average computation time.
When the system response is in line with the desired response, the control sequence doesn’t
have to be recalculated but uses previously calculated control inputs. The design of suitable
triggering conditions enabled it to handle disturbances effectively. In addition, the thesis also
presents an approximate dynamic programming formulation to suitably approximate cost func-
tion. Without much loss of performance, the computational time is reduced significantly. A
Multi-tank system with nonlinear system dynamics is used to carry out the validation of the

proposed algorithms.
Keywords: Model Predictive Control, Varying Horizon, Active Constraints Aware, Event

triggering, Intermittent Feedback Control, Approximate Dynamic Programming, Nonlinear

Systems, Tracking Control, Multi Tank System.

iii



R

Ateet dfsfaea dcter (THURT) et & Ta8 ATUdh FU T STIAATA hl ST dTef! (AAA0T dah-lal d &
Uk &1 GHUT Y dAeritaar TuE ¢ wiifch I8 Yo 1Y hs 39YC-3M3CYE R SR ST sl ST g
BRIS & ddle, TAURIT ol $& gAIfaal ol FHAT BT UsdT g1 gadlt & forg forar mar o awg
STeRA aYcl! & Ralfch 38 Uk AT &10T H Ueh 3ichel THET hl Bl ehel g | ARl TATH i hH
Y hl @it H, Merehataett A fafaa qep-iten] SI9 Ha sdifchl, IU-3ETH =0T Mfe; o vara e g1 3
oot fRRar ofik ueei TRE & Aei € u%d &1 THdiedt & 31de S o fadR dhest IR & dhfed
FA o 91y, Ig Nag Afsar dfsfaea dglel & forg g wrgesma U 9 FHAd B & Tdrd
et ¢ | I8 NFEF fafera Sior & wregdme qe, vt Galfdd i T T ohel g STelT-37eRT gaigA=
faxfast, araret & ort, gen e threes SR srgwTiaa wfa=fter grnfaT gf¥enton srqge awwr
TR h! TAT ohl A HeA & Iy, NfAT Teop et dcheiten ol UATT el 8 [k gRT e oy gafqa
farfas MafRa frar S gahdr 81 uearfaa fafd # meast gwra & fascwor & grfYe uxama & gamn o
Uk dgdR TMIReA ol Add fohaT| TAURT & aragiRes wraf<aa- |, 14 OR T 9dTed 957 &
hadl Teh 3 & forg dfcha 81 39felY, 8H el THXT H STYT-Sech YAl T UATd hid &
2 doh-ich H, semstt ol afiRa forar Sirar g St dehrer wfdsa 7 afecha gt 9ohd 8 3R s awa
# faaR forar 511 GendT g1 NI St Top geAT-feTRRaT GatensoT URgd hedT & it Sfi¥d o1 95y ot
oA ohdT g 1d Rgen ufaforar aifed ufdfhar & srgeu gidt 8, at [zsror srgehn ot fthe 8 TTor1 et
Y SrrageRdT 8l gidt 8, AAfcha Uget § TUMT fohy TQ 071 $9YE T IUTNT el 81 Juger feariRar
R & f3oTga 3 59 TeaSt Y gt &1 @ ToTe | Werd S| 39 Srerrar, MR Iuged ®u
Y AT ANTd theri & foIg Gen srgATiad Tifasfter mafaiT tisasr +f uegd endr 81 ueefa & sga
IR h fSHT, FREA THY HIhT HH g1 ST & | TRATAd YATIRGH o TTA i GRT et & folg
s R [y SEATHGY & I1Y Ueh Acl-¢oh [U%ed hl IUANT fhdT SITdT 8

$Ias: Aree Ufefaea chgtd, SierT-31erT faifast, Tfcha ITUTY SIFRea, gde fei, sriaviiRie hisds
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