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' Networked Control System

¥ Event-triggered predictive Control (ETPC)
" Self-triggered predictive Control (STPC)

* Linear Matrix Inequality

® Event-triggered Control (ETC)

* Self-triggered Control (STC)
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Networked Control Systems with Time-varying Random Delays”, Majlesi
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Networked Control Systems with Network Imperfections and External
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* Time-triggered Control

* Event-triggered Control (ETC)
'* Self-triggered Control (STC)



Syl a8 vgiis i (gl asS a lall Sl il Aiged 0,90 S Ll Wb gligs I c0b eolal
o9y ol o Ll (Sl aloosl b plazel o o8 5 jeas 0 o oS haas bl b p ga cou |y o Slee
g Al aSll Cod ;S lpedinn )0 (55950 e Olbl )| Lo 4 g0l mlio o)lgen

99 5l i ) 99 ol a8l anwgs IS (nl o sl oo 095 5 o sl sba s, cnlnbe
1290 (Sl 595 4 Iazme Wl (IS (699)9 (Sloj 4z WS sl &5 S 20 paeilSle S bl e
VAL aiSs aculons 1) S (685,545 (63 y95em odisS ;S

S 255 gy (o IS gy Y-
S adls S (60,95 Slbls ) isle sgase gl o))nl clds o0 S sl J ST e,
Ot 00 yuend w5l olaug, SO g8 Lg‘ﬂ 50 S Wgduw Sgaze ola alasd 4 s Olbls )l ol .ol
Sy 39y 4 el ds dBl> g SO 58, 0 polB (S 385 jshate 4 (J S (699,945 0K
bl iy ol 4 0gdioe s pivnow Slowz 9,5 b Cl> glo e polie a4y aiug slayg, slesley il
o ok Jsb o r:lio.a:lj Oyg0 4 logas olayg, AS&L@'T 3l guie 00ls uudal i HL8 ) L (69950
[Va]cal @glie oads sousle; Su,ms IS o, o bl S ,o0 slays, S s, Lol isass

Sged dslllas sy, sl p Jy0S Uhey b 4o 1y eass Sledbl ol bl alio o [YY-Y ] &Vls o

O R

y

p
ZOH ] [ Event J
generator

. * ]

| \

] L 4
-

Network ]

A

t I

| |

| |

| |

|

(Y10 olgy (S ok (sl a5 Cod J S s IS L5l Y=Y S

f



Sy, b, 5l eolitul b aSied v 7S slapina gl Htsle conl ol 03,5 [YY] Jo a5 jshailen
5 ol e olug, Wae Sy ¢ Jshite iy alls> 1S GBS el oid ool las Y- S s S e
aibsy s b oogd Jae ab oal g lo paiges 00ls LT 0iS o (pss a5 Cewl o0l wdls 1,8 sasS S

21y R gy oo (5,10 diged ools wlaygy b i (61,8 G ygo j0 4 sl ] Slaug, Wge ol JpsS

AQQ)‘)S&M.:LSBJ

45t ] ST S oo 3l o oo sl ol olast 2alS L Sy Sl A g, ol
S Wl SISTL ablie 6l K00 Fge oy, o dmare (el (5oL Gl a4 | e o Slee (55,
S50 e SISl b ablae b e 0ols (g9, 0 aSils (6,105 31 51 oy a5 el i J 558 g, 5l ool
O 5SS e, Ol w6 el gy G Gl JARST Ghsy 9 Sepps g,y (JAS sy eSS L
S Jlo) 55 ol 3 665 s S| g by ) 59 S3ian s (ETPC) S5 s, o
sl ools (g9, oSl S Ol Sl eaSlls 595 p 5y900 o oolo ols J113 g 0als (5)lo 1 diges (sla ools
Gl g ol Al 50 ouds &l o oSl oguie a0y o J S Sobjl eolaiwl b s oals Jlu)
2 sl dlis Jlte 50 Gk 5l 1 QLS a5 Cll ETPC (03,801 S, (ol sl 4 oS 5 sl i

el 0as ools Lis axy Juad

15 s, S sy e b o] slell 3 ond piite SVlhe ) 6305 gy p 4 V) e
ol 1y OYle 51 Gy 0 ,las 5,50 NCS (gl ouils a8 5 Jlas o slebogame 9 S 5hg Jooz pl .ol
o 3 alie ;o 40 pinccw (S3lell jolite 4y ooliinl 3550 (J3US Gog, 5w Jgaz BT (gt j0 dmae

A5 SRy 4 a5 0gzge baylS pled Gl s ol Al o oals dilf o oSl S amae LA V-V Jgo
lascie a5 [¥1-Y¥] Bl 2830 cwypbdaae I8 ile coul) aSll (alis wil ezl 5 G o0 olayg,
a8 Co 7S im0 [YF] alis a5 ol (c0y0 el 08,5 5kae |, ETPC g, yol> allu, b aslise
ad,§ el 0 a0 (i il 09>y pol> dlu, o Al 0 daas sll Gl le pxie g (6.5,

59 ookl 8,50 S pbe aSads 40 [YO] i sl oty 38,5 )i 15 (9,5 3 j99um b pitees 5 ol 00

" Event-Triggered Predictive Control (ETPC)
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Abstract

The aim of this thesis is presenting a new algorithm for scheduling data transmission
through network in networked control systems (NCSs) such that it leads to
improvement of system’s stability and performance. The investigated system is a
discrete-time NCS with input disturbance exposed to time-varying delay and packet
loss in both feedback and feedforward channels. For this reason, in the first step an
event-triggered predictive control (ETPC) method and in the next step a self-
triggered predictive control (STPC) method are presented. In each one of the
mentioned methods, a structure based on a full-order Luenberger observer and a
reduced-order Luenberger observer; and a multi-gain predictive controller is given.
Designing the observer and the controller in each step is performed through
Lyapunov function method and linear matrix inequality (LMI) method such that they
are capable of stabilizing the system in presence of disturbances and network
imperfections. Eventually, by designing a combined structure the final algorithm is
presented which is based on event-triggered control (ETC) method and self-triggered
control (STC) method. Based on simulation results the combined algorithm; using
the combination of the given ETPC and STPC methods in this thesis and also the
combination of ETC and STC methods presented in another paper; has better
performance than each one of the individual algorithms. The improvement of the
performance is investigated from two aspects. First aspect is stabilizing the system
in presence of external disturbances while reducing the number of sent data packets;
and the second aspect is reducing the usage of the system’s energy resources and
network bandwidth.

Keywords: networked control system, data transmission scheduling, predictive
control, asymptotic stability, uniformly ultimately bounded control.
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