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ABSTRACT

This thesis deals with the design and analysis of stabilizing model predictive control (MPC)
schemes for switched systems. We consider two classes of switched systems which are switched
linear systems (SLSs) and switched affine systems (SASs). SLSs consists of a finite set of
linear time-invariant (LTT) subsystems and a switching index that decides switching among the
subsystems. Optimal control of SLSs deals with the problem of computing an optimal switching
index and control input schemes, which are to be optimized together for minimizing the cost
function. This leads to a mixed-integer optimization problem for which the computational
complexity increases exponentially with the number of time instants or switching instants. The
initial works in this area study the linear quadratic regulator (LQR) problem of continuous-time
SLSs also known as the switched LQR (SLQR) problem. Later on, LQR problems for discrete-
time SLSs are studied which is known by the name discrete-time switched LQR (DSLQR).
To reduce the computation and storage required for the DSLQR problem, approaches such as
dynamic programming with pruning and relaxed dynamic programming are proposed in the
past. Recently, model predictive control (MPC) of SLSs is studied which gives suboptimal
solutions to the infinite horizon DSLQR problem by solving a finite horizon DSLQR problem
in a receding horizon manner. In the MPC of SLSs, the major challenges are ensuring stability
(because of its receding horizon nature) and reducing online computation (in the case of large
prediction horizons). The stability of the SLS with MPC is not guaranteed in general and the
stability depends on the prediction horizon. This motivates our study in SLSs and the main
focus of the thesis is to design stabilizing MPC schemes for a class of SLSs with at least one
stabilizable subsystem. Firstly, stabilizing MPC schemes are designed for a class of SLSs using
Lyapunov inequality-based pruning which permits switching to only stabilizable subsystems.
The MPC scheme is then modified to incorporate switching to nonstabilizable subsystems using
a pruning based on Lyapunov-Metzler inequality. The stability and feasibility of the MPC
schemes are studied and the proposed MPC schemes ensure global exponential stability of the
SLSs without constraints. The MPC schemes are also extended to incorporate constraints
on states and inputs of SLSs for which stability results are presented. Further, we consider
the design of MPC schemes for SASs which are a subclass of switched systems with an affine
term. The affine term makes the exponential or asymptotic stabilization of SASs difficult.
Consequently, we focus on the practical stabilization of SASs under the MPC scheme. In the
proposed approach practical stability is guaranteed for MPC schemes for SASs with arbitrary
prediction horizons using an offline pruning algorithm with cost approximation. In addition,
the thesis also presents the application of the proposed MPC schemes to networked controls
systems and switching power converters.

Keywords: Switched Linear Systems, Switched Affine Systems, Linear Quadratic Regula-
tor, Model Predictive Control, Exponential Stability, Practical Stability, Lyapunov approach,

Networked Control Systems, Switching Power Converters.
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R

Tg NfEw (e fen & feg Afea iffaea dgla (MPC) FisH13T i R T o fesiga ofk fasewor
Y T&fq g1 g0 fae Riew & &) a7l R faaR aed € St feaee iR s (SLS) oik s ywersA
f&m (SAS) €1 SLS # ofifR crgq-gqaRue (LT1) qafdeeH &l e ifd de ik e f@fi
339 gidT g STt gafi<ed & sta fQaf<in &1 Aot Aar g1 SLS 1 svan [Asvr, seaa fafin gsau ok
fAd=0T gAY G Y TUMHT A TR § Gt 8, g T 9HRIg Rl hH A & fAg Uk
1Y 3iJcpferd fohar ST 81 8 Uah FAfAa-gurier sijger a3k STt ¢ fSreah forg srgdemiat
Sfectdr guy &t T a1 fafin g 6 T & a1y asit 9 96 STd) 81 39 85 § RN shrf fARaR-
THA SLS ot ek fgard Fames (LQR) 961 ol 3109+ hed & o =8 LQR (SLQR) I#&
& =g oft ST ST 8| 91 H, f$Ehie-argw SLS & fow LQR gwwansit & sregad fohar sirar g, o
féGhic-aga A= LQR (DSLQR) & A & SIHT SIdT 81 DSLQR. 98741 o foly 3asaes S oHET
3R YERUT i HH HeA & folg, Srcfta & g & arer afafie mhnfe S gfetor u=aifaa fhg g €
g 8l H, SLS & fAlewt UfsfRa ehiglel (MPC) o1 31ega foam ma ¢, St U uRfAa faifast DSLQR
quET &t ged fafast ath @ g1 aah o faifast DSLQR 9 &1 IU-38aH HTE a1 g1 SLS
& MPC #, wE gHifaai fRrar gRfga o @t 8 (g9t gedt fafas ugfa & aror) sk sifarsa
TATUET bl &l heAT (a8 wiasgaroft faifast & amet §)1 MPC & T SLS i fRRar 6 gm=g «u &
TRE 81 & ¥R fRRAT gafgam fafast R ARk et 81 a8 SLS # gaR siema= ot URd &1 8 3k
AT 1 &I thiehd HH & HH Yok &R IUUUMA! & 1Y SLS & ek aif & folg MPC aisHT3it <t
fRR &A1 81 99 ugel, MPC FIST=131l ehl fER a1 ArIg=1g SIHAT-SMYUTRT SIS T IUANT
8T SLS & G aif & forq fEoieT foram mam 8 it Sheret feAR Iu-uonferal ok R e &Y srgvfa &t g1
MPC IISHT &t d9 A-IYAIG-AsTeR AT h TR TR B8 Sl STINT ehich 1R-fRR Iu-yomferat
T feaf ot i o o forg Genifea fhar mar g1 MPC arsr-rati dht fFRRdT 3R SaagidT e STeud
foRaT STt € SR uRaATfdd MPC Iierd fomT fohedt amem & SLS i affe ot frar gRfga et
&1 MPC Tisr131 oht Irsat oR amemsif ik SLS & 3-9e vt M e o forg off foaria forar man
¢ fSradh forg fR=ar ufkome vRga fohy 71T €1 g9 Sreman, 87 SAS & felg MPC atersit & fesmga
R fIaR oxd & o7t (e faed o1 ek Iuenf g1 Titha @ SAS & ardta a1 wueii~a fRfeor ot
& ST & | Achtotad, 89 MPC Tl & dgd  SAS & STagikes fRRIGRUT IR &4 dhigd Hd 8l
UTiad gf¥etur # eTd Gfeehe & 1Y Yok HTthelTg YT YeReA &l IUalT ahd g AAM &1
g fosamoft fafast & a1y SAS & el MPC TisHrst & fou aaragiRe fRRaAr it TRE g1 59
3rerrar, N Aeaeh et e 3k QAT urer vaéd & foig sarfaa MPC atsnst & 3ideA
ot off U et B

Fias: e iR R, [ gith Riew, iR qargiee deier, Atea dfefaea dgia,
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