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Abstract

Controlling uncertain networked control systems (NCS) with limited communication among
subcomponents is a challenging task. Usually in NCS, multiple physical systems interact with
their subcomponents through shared communication resources. Therefore effective utilization
of these resources is the primary requirement for accomplish the desired goal of controlled sys-
tem. This fact motivates several researchers towards aperiodic sensing and control beyond the
conventional continuous and periodic scheme. In the recent past, it is shown that aperiodic
sampling has more benefits over periodic sampling to reduce the consumption of resources.
Nowadays, the event-based sampling impressively exhibits the effective reduction of network
bandwidth within the feedback loop. This thesis considers event-triggered scheme as a transmis-
sion protocol to negotiate information exchange in resilient control for NCS. In event-triggered
control, a new information is exchanged among the cyber components only when truly needed.

Mainly in NCS, the network related constraints like delay in the communication medium,
packet drop and single-packet versus multiple-packet transmission primarily affect control per-
formance. Apart from communication constraint in feedback loop, the presence of system un-
certainties deteriorates the closed loop performance. Mainly parameter variation, disturbances
and unmodelled dynamics are the sources of uncertainties. Broadly, system uncertainties are
divided in two classes like matched and mismatched one. In matched system, the uncertainty
belongs to the range space of input matrix. This condition does not hold for a mismatched
system. The thesis presents a robust control algorithm to regulate the closed loop behavior of
NCS in the presence of mismatched uncertainty with limited feedback information. An optimal
control approach for robust controller design framework is used to derive the control law. The
essential idea of proposed robust control approach is an optimal control input is computed for
the nominal system which minimizes a certain cost-functional. The derived optimal input for
the nominal system is the robust solution of the original uncertain system. The control law
is computed and actuated only when a predefined event condition is satisfied. The ISS based
analysis is used to derive the event-triggering condition and stability results.

The main results of this thesis are presented in three parts. Firstly, the Part 1 describes



an event-triggered based robust control algorithm for linear systems. Using the results derived
in Part 1, the nonlinear systems are considered for analysis in Part 2. In Part 3, the proposed
control algorithm is verified on a class of systems. The conclusion and future scope of research

are also reported in this part. The primary contributions of this thesis are:

e An event-triggered based robust control law is designed for both continuous and discrete-
time linear system. The system model suffers both from matched and mismatched para-
metric uncertainties. The control law is derived based on the optimal control results
of nominal model. The ISS theory is used to derive the event-triggering condition. An
analytical proof and numerical results are provided to show the convergences of system

states in spite of parametric uncertainty and limitation of feedback information.

e Using emulation-based approach, an event-triggered control law is proposed for a class
of nonlinear system. A nonlinear optimal control law is derived without solving the HJB
equation. It has been proved that the HJB equation reduces to a differential Riccati
equation for such class of system. Deriving the event-triggering rule and ensuring the

finite time convergence of system state is another contribution of this thesis.

e Stabilization of a discrete-time mismatched nonlinear system with periodic feedback is
proposed in this thesis. To generate the nonlinear robust control input, a nonlinear
optimal control problem is solved using NN implementation. The robust control input

ensures the asymptotic convergence of uncertain closed loop system.

e The proposed control algorithm is used to stabilize different class of systems like Euler-
Lagrange, Lipschitz nonlinear system with limited feedback information. In this formula-
tion, system nonlinearities are treated as a source of uncertainty. Based on optimal control

approach, a linear robust control law is derived to stabilize such nonlinear systems.
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HIX

39gcH & a9 AT TOR & A1 FfARTd scas Fzaor gonfoi (wodivd) & @9t
AT Ueh oAlhqoT R § | 3MHAR W Tadivy &, Tt siifaes feea amgn §ur qareEt
& HATETH ¥ 39e 3UGCHh] o AT TEHEIAT Fd & | SATGIT ST TATUAT I THET 3IATIT
A yomell & aifSd oed & 9 e & [T TAffd HEeThar § | I§ aLd IRARS
Fad 3R 3maffie A ¥ 9 aperiodic Tdea IR 0T & 9fad 5 MuFdBT IR
AT § | g & A, F§ fe@rr § & aperiodic FAFT 3mafte FHA W 3HfUE o & fow
AT T @O T HA fhar § | 3Tofehel, TSAT TR AT FHIGRATN FATHAT o[d &
HIR Acas dsfagy & Jordr Fell g § | 39 N/T gear W [GaR ar § v Faror
Sl & § H Al H TAHTE & v ader e § gaer A aeda & Qo
IR | Hear-RIR AIF0T &, TP 7S ATTPRI had A aFdd H ST IS Gehl & &
faere fFam & |

AT ¥9 ¥ TE0H & FOR ACAT 7 ¢ S sicas Hoed S, dhe 519 AR Teho-dhe
TAH ThITRh-dohe HOR HEId: 0T yediad &l gsrfad aid ¢ | yfafsar @rer # @R
ST & 3ferrar, faveA AfARTAanst fr 3uRufd dg og g Te & S & | 7eT &9 |
R oA, srenfa 3R unAEfeRT & afaeiear sifaRaaant & @a § | A at |,
guTrell JfATRaadr3tt fFemer 3R sFer v OXE ar aent 7 Fafara s |} & | e gomer #,
ARG gaqe A & o1 TG & A 30 ¢ | Ig A Teh S JoTell & AT geng
g § | Naw OfAag gfafhar IeeRt & Ay s7d AHARaaar fr sufeafa J adea &
¢ of¥ agR H1 AAIAT A & T Ueh HoI FIT0T UealReA G&dd FAT § | Holed
o f3omset e & fav o gvean AT efehior RIAur #iefst ured &t & fow gaier
foar STTar § | sedifad Holge o S & Jraege faER v gvedd f@EAor s
SATHATT &I YUTTell § ST Teh fARad oeTd-&TcA® & HH el & ol 0T AT § | ATHAT
d JuTel & fIT YUl gedA e HA AT Jumell & Holqd AT § | fAIor
HTelel &N IAVTAT R dhael o9 Teh GATAUIRA Tea grofd HSe & 810 ¢ | MSTaud 3menid
faeevor & forv gear-fearier grea 3R Eerar & aRkome greq forar aar & |

58 ANAF & A&T TRoTH G HET H TEJT W W & | a9 Tg, $ET 1 T qUA

T geAf@w gonfardt & fow smenRd deigd fAg=aor veaRen fGor | ot 1 & ogeus
AROTAT &1 3YATET T, I&H Jomell $07 2 A f4eeiwor & v &A= Ser & | 3 &mr A,
FEfad fzeor veanRen gonferdt & vk gof o Feaifid 8 | 50 97 7 qaer & fsay
3R #fasy &7 gRRT o ST =T £ | 5§ NPT & grafAs IR W W[ &
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fS=r egcder & | I @rfed gl I/ & & HIB @eientor yonfost & 0@ @@ & fav wh
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