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PDC-based fuzzy impulsive control of Predator-prey System based on T-S fuzzy
model

Stabilization Analysis for Discrete T-S Fuzzy Impulsive Systems Based on A
Piecewise Fuzzy Lyapunov Function Approach

Hybrid Nonlinear fuzzy impulsive control with application to Memristor-Based
Chaotic System(ICEF2012)
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Z Lorenz System

3 Chua System

* Single -Electron Tunneling Junctions
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* Lyapunov-K rasovskii

® Parallel Distributed Compensation
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! Impulsive Control

2Tao Yang

3 Chaotic Systems

* Comparison Criterion

® Conservative

® Fuzzy Impulsive Control
" Chua
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’ Rossler

O Multi-Variable
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! Synchronization
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! Single -Electron Tunneling Junctions
2 Nano Devices

® Resistor

* Inductor
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! Capacitor

2 Memristor

® Impulsive Devices
* Impulsive Inductor
® Impulsive Capacitor
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2 Impulsive Current-Control Voltage Source
® Impulsive Voltage-Control Voltage Source
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! Multidimensional Systems
2 Euzzy Logic Control

¥ Assilian

* Convex optimization
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! Fuzzy PID Control

2 Direct-action

% Gain-Scheduling

* Neuro-Fuzzy Control
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! Neural Network Control

2 Intelligent Control

% Fuzzy Sliding-Mode Control
* Adaptive Fuzzy Control
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! Discrete
2 Common Quadratic Lyapunov Functions
% Linear Matrix Inequalities
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% parallel Distributed Compensation
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% Piecewise Quadratic Lyapunov Functions




m
My = ) by, Dy = A — Ay
i=1,i%l
slaxi b5 (65 uiled olaws b Jolaw (guiy pundd o>l Slawi gg5 ol jo a5 clls axgi b
Solaie (V-V) T-S (558 Jow jo oo Jaw L o(Vo-Y) (638 Jow il oo dowe Jo slo o
sl Joe ;o DA coalad pae slap i il des 51 Bl Ol Sl aes (Vo-Y) Jow j0 ez wunl
~45sS @ |y LMI &Yolasl o)lgs oo 5140 Bgilbld b 5l oolazwl b el ol jo 20,10 0529 (Joes
3 s S8 o (G0 le jo Wl U L & oS will Cdlae pl cailS ead a5 8L (4
5 wboe JUE) K0 4ol 4 4l S Sl a5 Sloj S o0y a8 4l je 0
aol gials
s gt G oliol yy el oals Slpaig [55] lawgs a5 (gui e pl (P90 E 99
Ol S o Doge adsl Gl sie Glad Sl 2y v (2ly 5l sl S0y (V-T) 65
aibige (0l 09)0) 63 (2l 5 (Fet) momo (g Jalis (Sl
£ S el slp 6l 4T Bl @y (e wns Al e Ll cox

g Ay 5 O je0 4 Sozedgw oS S ol
u(t) = K; x(t), leL
\Y-y)

g0 i p) 9o |y atas adl> T-S (651 piacw loi o
x(t+1) = (4, + A () + (B + ABy(u)Kp)x(t)
\Y-Y)

! Operation
2 Interpolation




Ssies X = P71 ciie ume uapile diuypei g V() (ol a5 Bgilld sl 5l solicl b a5
ma dalsy T 6180 L aS 5561 canay (LMIS) s s 5lo &¥olael 5 e 1) il

28l (g ol (glod sl iy all> T-S (556 J s
EF S el sl (145 Bl &y p (e i Al i Lol Cux

g dly g O Hge 4 Susmgw 0SS pgo

u(t) =K, x(t), L€eL
A\Y-Y)

10,5 &y x5 ) Q)yaa,abwaibT-SL;}léWng@Q)y Ol e

x(t+1) = ) e (A + BeK)x(0)
k

(VE-Y)
SYolels ol 6l b a5 5 oy e LM 4y e |, 5Yolao b )l cn 35 <o ol sl

DSL Gl oled Hlal s ddl> g5 S s

Y 65 Bl ailgy (s Gyl Julxs FLNLY

R Dype 4 Nigdse (Byre i pgd 4 e e Soibld wlg pb L &5 Bl wlgs g9

il oo ialos LB

m
V(x) = z w(z2) xTPx, lEL
=1
\O-Y)

S8 o 50 syl o 4 cdl yo led co lidore Ollllas ool IWRY C"L"’ sy )
Sl 5 5 ez 5 )ledd sl (38 Belbl) wly 5l eslital b atwsn ooy <l o T-S

2 g Ceogae plg Olitie Jold 556 Sbl) wilg Glitie &jge (pl ;o W)l jga> g

! Fuzzy Lyapunov Functions

yv




S ably SO w51 Bebl) b gie plplo anilb e pteew OV Oliiie axs
0dl Jod plaw Sl Slo slap 5y ot pe Wl SO 4 S 0 0gd o e oduzey
dins adl> s il jlal Cga el 0 g ll s 0 ola Sausn corge 4 o &S

g lyS ) & jgo ay oS ]S 656 Sl wls sl T-S 556

m
u(t) = Z Ky x(0), lel
=1
O\ 7-Y)

a |y aiw adl> T-Si3B paw lgi oo «(O-Y) ainy ail> T-S 551 i jo0 5 IS L

Dged By gy Oy

x(t+1) = ) (A + B ()

j=11=1
A\VY-Y)

sls,y ol oo X = P71 it o ile cin i b g V(X)) (556 BaibL &b 5hoslawl b as

YA




S8 sla o s .Y

sl @y J50S by, by 31 laptans J555 sl waa s o i nl 5o
S T-S e 2 (S 38 Glapinsw ln sl a0 S5 o5 O s (nl 40l walys 4l
5 oliny S Gl Gl ol Golis 0,5 o0 IS8 31 gl s e e Su s
@po J5S gl o (IS Joe 5wt (b sl s dapta n) a5 Sl (ol )3 PDC
Se B 090wl S5 (b Al 5 oIl Jlos cnlpls wllioe Gloy b ite
oleiiny J50S phaew Sk E5o5e rired Wadioe Joo ) aps S s s
D55 50 J8 swip s 8l apd Jedl s DYolre (gly ol Anlie Laily) (6 S aliws o
SeS 4 ooleiiy 636 sl aps S5 e sl @S ol meales LA am Jad o anl
aslsyy oo nl & Sade poas Juad 53 ) ibige omyp BB 5 il S gl s
((RWARTAPES

4 Wlg a5 all ails 0525 31 cady o cllo e Sl Bl las Sl o
23 sl le [ S s S el 5l sl sy Slade o @l 4 SLSL & jee
035 $3B ;S lapiunn b Lo jo Slegdge (n pte 5l Sletns (b 5 )l Jelos
[57] 56] e
13,5 oS (ol ats 95 ) Gl o0 [, T-S 656 Joo 2 (e 558 55 slos S0,
[56] cl> Soad >k ()

[57] (" Ki5,) 29,5 Sodd >,k (¥

! Instantaneously
2 Observer

A




Exdse onl s aiies 6 wbl Jelse Johiie jsb 4 Sloj 155 5 Coalid pac @ bl
)...>L L b e Slopiuaw lp T-S 58 Jow ols puesd Coz oz Gl onsl 4 5L5 Lo
wol Coadad pae b Sl

398 (Fhb clle Spaed S5 S e (bt o 2 sln a5 el I PDC adgl o
ad Jols (63 S5 e By o blign St IS 5 & 5 el eSS
5hoslil o a8 (el Coibge sloo )5 35z b ylice Cossy iz (as gla ouiiS S
s Ko (308 S5 sl i S5, S s b Lyl sl o sl PDC iy
oS @) s e (sl T

) s IS Glagogys Jomd &5 W)ls 0525 plapiuns wils oo oS 5k las
@ Wlg e 55 PDC SSS 0 (s 556 oS 35 (2 plapiins Gz @l o)l
Sl b 51 Sy lgioge sl S K5 S G s g b e I o
pRen alins 5 5 lul gao90 4 a5 [58] wigas lgie a4 il plapiacs iz b (29)bs,
3L Slapin oy 4 dalsl o018 0)lal (ol @ p0 S SLS 4 ogbl slaptan 55l

w0 s slaye JuS Lol en




531 (81 4135 anepas Ly y iy 55 VK.Y

B sl ays JruS laptu Ol csl 2100 S35 SiSS (655,84 0950 bl 5

10903 (S el dlwd 9O 4

Fooxo 531 (ol d o J oS puaw 1.)FLY

Aoy 4 9d e odaline VY S8 50 a5 ok ples 31 (il wnly Sl cnl o
& wblige Sl Wo @ §(8) VY S5 1) wishoo (Byms (sl 40 (Seslid (slople
> pl jo Wsd oo atrine Gl o Jawdlas OYolae aliwy 4 (led aly o o jle
Pl g O)pe 4 Wlgige 00iiS 1S (56

u(t) = Z 5t — ) (L (x(®))
k=1

OA-Y)
) ol Glgoe wab oo ol (K a5 Sloj il o OVl jo K sl Ls Boa
Jos 30 (OA-Y) alayly alen) Cligh diwgn b SO o (W) ay0 &b S o Ojg0

3 2y Oyge a1y T-S 658 piusw 0,5 o0 Ojg0 Jodod Cya alins Lol o his 4,0

SR
£(0) = ) w(p(©)(A4x(©) + B u(®)
\4-Y)

! Dirac Delta Function

£\




e glls a5 wslse 655 praal @b yeiie | b 1 (P(0)5 655 praad e (L)
s T abamd o ) Sbpo e a5 alb e dtwgn &0 Ijk(x(t))ﬁ Sl S5 g o

58 e il 45 1055 e
25 Doge & A dil> Joe (VA-T) T-S (656 gt Joo 53 OA-T) 08 (56 6,000 L

Dg dlg>

(1) = Z wi(p®) <Aix(t) + B (Z 8(t — 1) (Iik(x(t)))>>
i=1 k=1
(¥+-V)

a8 ol Gl g as oS ISl S L

x(ty + h) —x(tp — h)

fk:lh <Z wi(p(®) <A x(t) + B; <Z 8(t — 1) ( lk(x(t)))>>>

i_
(Y\-Y)
(h = 0%) wib oo S>o5 S5 olail wh >0 ol o a8

x(tf) —x(7i) = Z wi(p@®) (Bily (x(D)), k=12,
i=1
(YY-Y)

IF py(t) is M{ and -+ and p,(t) is M},

X0 b

- x(t) = Ax(t) + Bu(t) -
THEN {u(t) =) 8t - Tl (x(®)
k=1

oo T-S (51 (sl 0 J 7S e : VY SO

gy w5 Oygo dy ey all> gl a0 (1 el Zolgd )0

£y




(J'c(t) = Z wi(p(@®)(4ix(1)) t # T

Ax = x(tH) —x(t ") = L (x(D) = z m(p®) (Bilae(x(®)) t =7
(YY-Y)

il 00 o0l iulad Jgeme (636 gl o S pis G 5l (Slen VY S o

PDC p oo T-S (658 gl s po J 0S5 poimnmw ¥.1.FY
) Oyge 4 PDC 5 st 6l 40 00sS 08 G Jlasl b oo 1o ouald aslol (o

u(t) = Zrzﬂ (p®) (i §(t — 1) (Ijk(x(t)))>

(Y¥-Y)

o Jo ;0 (YY) 08 98 6,080 b psled guusisl 1) (VA-Y) T-S (656w

gl 5 Gygo A dis dal> oo (VA-Y) T-S 43

(6) = i#i(P(t)) (Aix(t) + B; <ZT: wi(p(®) (i 5t —11) (Ijk(x(t)))>>>

(YO-Y)
145 0l i plgier 65 YIS S L

x(ty + h) —x(t, — h)

= 1:%+h :i:lH(P(t)) Apx(t)

k—h

+ B; <i 1i(p(®) (i O(t — 1) (Ijk(x(t)))>>

Y#-Y)

£y




(h = 0%) il o SzgS S5 o5l 4y h >0 o] o a8

x(@) = x(@) = ) w(p@)y (p©) (Belie(x(0)) k=12,

i=1 j=1
(YY-Y)

gy 38lg3 5 g0 4y e dil> T-S (gl 4,0 (51wl Zolod 5o

(x(t) = Z 1i(p(®)(Aix(0)) . tET
|20 = x5 =20 = L(x(t)) = ij;ui(p(t))uj(p(t)) (Bilj(x(®)), t =1,
(YA-Y)
*o IF py(t) is M} and - and pq(t) is M}, y®
— N

THEN x(t) = A;x(t) + B;u(t)

IF p,(t) is M{ and -+ and p,(t) is M},

THEN u(t) = z 8t — )l (x ()

PDC j; (e T-S (558 sl o J 56 s : 1Y S5
el 0 00l inlas PDC py itee 536 sl 4y /S iamses o5 3 oSuilads Y JSS o
Jle Sy & 0,8 Ll oas J 8 51 ilin slaaigal olgioo g (¥(D) Sbslo & amgi L
b e 5 b oS J S Jleel (SsSe any Jad jo il s e b g 3 Wl

S5 o0 518 oy 0590 S jb 4 T-S (651 e 58S slapinw )

123




R
§ S

:”i:oUUU/ b gt r“f/ 3



doddo V.Y

W5 Mgy 959w 9 (SUL Lawgi o5 wiloe 556 Slaptan 5l g9 G T-S 556 Jue
e Sl e oy 536 oSS (lsE 5l asserme Sy aley 4 5 Joo cnl [59)]

D9ys0 ) @ bt e e SOl (e e (29,5 609,9 Laily,

s Joho So S 4 656 (5 s (e slacSislis Sile T-S 656 Jowe Lol 0w

ol wBles (oo (b s oo 5l G5 S S SE S & (I e 5 b
@ Seald Glapiaen Julod 5 0528 Gl (o w45 (e )0 Wi oo (295 4 Joe
&y ot Sy e o)L 55 Md a5 b lan [62] [60] 0,15 1,5 eolicil 0,50 ad é s
Slr Ghsy nposee 5 395 03l (ialed T-S (658 Juo oS 4y wilgi oo Vgorn (o pé s
il e o] Alsgmy (6395 (S 5,509, Ky 45 PDC SiS5 woaisS J,uS b oS,
sh> Joe o Glp b cdle Sead eansS S S (Alb elal p @Bly 40 PDC Lol oy
) a5 63905 Jod 2llg a5 W)ls 52 5 plaptees (o cnl b cenl (e
pY 2l ) g i PDC 5 (e Bjlate (656 S5 0,505, apians 5l 58 0l gl eyl

Al asls |,

oot a3 S IS a4y (ol Jeedlpins SVl gyl o sl 536 slanys 4l T

SzsS FrS Slyo b b 5 aiugnl Ojgo a9 oole 5 L3l b e S 2ok ol
U8 b L5l o (6l VLo sl dnie jlas 0l o as sl )5 gl ool s el o
b Gt b g T-S (56 Jow ol plapiucs ((2Bly gt ¢ly @l

[67]-[63] o,ls 5925 T-S 536 slo Jow p» s

122




$99)9 o5 Ul b a5 8l S99 apias 5l g0l olans o5 Sl Coeal Pl a3S5 ()
8, lls ald Jsb jo ols (slabasd o \«5;[-?5[3 O Cde b g ailai ) ategn JuS
(So) Sore Copde (Glpbe baSid @ Gl Jle lp willbios Gl (Sealis
[69]-[68] 5905 0,Lil 0 uf g (oloards J S
aalyz 18 )y 9550 T-S (56 gl o J5uS slopiunns (il 5)luk g50g0 asld] jo
Tyt S5 A S e 3,8ee Grizren g Sl gyl 4 obiiews Sl e (285

may 5 00iiS J S S5 LPDC y ciies s Said oninS 7S S S 5 5l e lae 558 o]

o}m‘s,o oolaw! ‘5’491..& nglé LS‘

e S 5 Ojeo 4, T-S (638 Jaw SG pusles oo [47] 5o soloiinn (g, S5 L

Rule i: IFz,(t) is M;; , z,(t) is M,

.oy and  z,(t) is My, THEN
x(t) = Aix(t)+Bu(t), (i=12,..,7)

2y adsl slasite o5 Z(8) = [20(8), 2, (), v, 2, ()] T-S (36 clsd Slows 7 1 Jo a5
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i=1
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\x(to-l-) s xO ,k == 1,2,3, ‘e

-
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45 Sges odlin olgioe Solu 4 g oyl o,lal pead bod 4 (O0-F) Lo, (Y=Y) 545
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! Extended Lyapunov Theory
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I(tr, x(t7)): [to, @) X s(p) = R™ 4 f(t,x(t)): [to, ) X PC > R™ ;1 )5 a5
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i (e e @l SO V(8 x(8)) a0k 4 el V(2 x(0)): Ry X R® - R,
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Ao ek w0l 0929 dy EK sV ER G sl jo (Y
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! piecewise right-continuous function
? trivial solution
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D*V(¢t,x(t)) — AETkxT(t)Px(t)
k
= xT(&)Px(t) + xT () Px(t) — AETkxT(t)Px(t)
k
T

T T
+ XT(O)P Z h | Ao + z h, ByFyx(6)
i =1

&k
~ xT(t)Px(t)

! upper right-hand generalized derivative
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hihxT (t) (AiTP + PA; + 2FBIP — S(—"P) x(t) <0

i=11=1

(\\-Y)
DYV(t,x(t)) — amx  ,o 3L Ty =A4;"P+PA +2FBfP - AET"kP <0 sl

_ p- ; s %
o T =P 5 (V=) abasl) )b 0,0 51 &g ol ,0 a5 g myﬁxTPx<o

T = TA;" + A;T + 2TFTBT — AE—kT <0
(OY-Y)
D*V(¢t,x(t)) — T XTPx < az o sl Tige <O 5145 288 amts Glpoe Yo Ly,

V(&%) + L (x(0)) = V(b x(0) — viedi (V (b x(1)) )

= xT(OPL(x(®)) + I" (x(@®)Px () + I, (x(©)) PL,.(x(£)) — xT (£)Px (L)

— v xT () Px(t)
T
i=1 j=1 i=1j=1
ZZh-thiljk(x(t)) p ZZh h;Bilii (x())
i=1j=1 i=1j=

-1+ v )xT(t)Px(t) <0
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Sgo & Olsies |y (VT=T) alal) ((Y-Y) o 5l oolital b g (VY1) o (Y-V-Y) alal, 6,130 b

g0 o 53l )

V(&%) + L (x(0)) = V(b x(0) — viedi (V (b x(1)) )
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+ <Z Z h; h;B; (Djkx(t) + (¢, x(t)))) Px(t)

i=1 j=1
r

+ z Z h; hjr? (Djkx(t) + gj(t,x(t)))T B,"PB, (Djkx(t)
i=1j

+9,(¢, x(t))) — (1 + v )xT (O)Px(t)

[y

<

hl J T(t)PB iex(t) + xT () PB;g;(t, x(0))
i=1j=1

+ xT(t)DjkTBiTPx(t) + ng(t,x(t))BiTPx(t)
+7r2xT(¢)Dj)." B;" PB;Dj;x(t)

+ rsz(t)DjkTBiTPBigj(t, x(t))
+12g;7(t,x(¢))B;" PB;Djjx(t)

+ 12,7 (&, x(6))B;"PByg; (£, x(1)) — (1 + v)xT (£)Px(t) )

(\¥-Y)

il (V=) o) s (V-T) 5,8 5l eolazul b

V(& x(@©) + L (x()) = V(e x(0) — viedi (V (6 x(1)) )

oy

< xT(t)PB;Djx(t) + xT(6)Dj;." BT Px(t) — (1 + v, )xT (¢)Px(t)

+ xT(t)Px(t) + ersz(t)DjkTBiTPBl-Djkx(t)

2
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r2
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A\ o-Y)
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SHSle b5 diag(PTLPTLLI) (sl il > (15T ald, Gebb wys
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St (x(8) = 0) Tow «#-) PDC ,, e T=S 656 o J S s slp ol pl
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! Schur's complement
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ousS JpuS ol 4 s oiB las casSs s YYYLY

o Soasd

O-V-Y) s 2l olyen 4 (-) 5B ) ape S5 s ) 88 andd o
b Gos ‘jk(x(t)) = Djpx(t) <> o sl a8 5 18 ) 0,50 (gj(t,x(t)) = O)
Sl E-Y) PDC jy oaT-S 656 sl a8 piincs o5 5555 4 wibioo b Fy g {ty, Djic}

ds.w

PDC 1 itoe TS (5388 slasys S s o ((8) = 0) Tae :0-¥) | o2 53 anidd

DB B 5 bl g (V-1 0-Y) g (V-1 0 -T) &S (g)9b a0 aiil adls
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V(&%) + L (x(0)) = V(b x(0) = viedi (V (£ (D)) )

= xT(O)PL(x(6)) + I," (x(©))Px(®) + I, (x(£))PL (x(£)) — xT(£)Px(t)
— v xT () Px(t)

! Corollary
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Px(t)
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T r
i=1 j=1

zr: T h; h,-Biljk(x(t))> P<§T:Zr:hi think(x(t))>

i=1 i=1j=1

=1 j=1
— A+ v )xT(®)Px(t) <0

(V4-Y)

(Y-Y) o 5 oolatal b ool plio .ol oo L (x(8)) = Djpex(t) Lxisl jo o23,5 o,lsl a5 ol Lo
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< T
< xT(t)P <Z JZ e 1By (Dyx(®) )
T
* <Z PR (Djkx(t))> Px(e)
i=1 j=1
hih; ( ) B;"PB; ( Djex(t)
+ZZ 72 (Djpx(t ( i X (L )

— (1 +v)xT(®)Px(t)
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hi hixT (0) (245 + 2D, " B;"PB;Djy, )x(t) < 0

r r
=1

i=1]
(Y+-Y)

0,10 e et ookl b

(Y1-Y)
3 (V=Y abal) udyb oyo 51 T =P71 g 0, = PBiDj + Dj"B;"P — (1 + v)P &5
Qiji = BiDjyT + TDy"B;" — § Viji = BiDjT s &> b ¢ diag(P™11) s ké (e sl

o2l (YV=Y) 0 T(1 + vy)
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( r
x(t) = Z h;A;x(t) Jt#E Ly,
i=1

Bx(Olmg, = %(te") = x(te) = L(x(©) = D7) hily Blje(x(©) ¢ =t

i=1j=1
\ x(t0+) =Xy ,k = 1,2,3,

(YY-Y)

Gb:)*c S8 Gl o cussS oS VLFYLY

) ks g @b olen 4 (YW-Y) PDC ;e (656 (ol a0 J 555 o 55l Ll

ges 4N ) (8 4ndS Sjgo 4 Ol |, (V-

PDC » (ie T-S (536 lasys JuS pimes p3 (x(8) = 0) Tows :(V=F) (0,8 il
ol L3 55 byd o (F=)e-¥) 5 (V=) - -F) a5 (5 ,sb 4 aril anils 39>
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oil oWy = TAT + AT — 5T .1 s us
. P ? tik i i Aty Q')

el (Y-V) acad asline ool oolaiwl aoles ples
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D*V(t,x(t)) — AETkxT(t)Px(t) = xT(t)Px(t) + xT (t)Px(t) — E—xT(t)Px(t)
k

_Zh@ﬂmPﬁo+Zhﬂ@WMﬂ»——T@mm

= Z hixT (t) <AL-TP + PA; — f—"kp) x(t) <0

(YO-¥)
DHV(tx(t) = o &85 ami fe sl = AP +PA - P <0 3 e
ool T = P71 58 (YO-Y) abal) opd )b o 5l o Ml? T(t)Px(t) <0
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Abstract

Stability analysis and stabilization of fuzzy systems can be considered one of the most
prolific topicsin the field of T-S Fuzzy Systems. The third chapter is the result of author
work, Try using a combination of impulsive differential equations and relationships TS
fuzzy systems subject to review in detail the stabilization of this kind of fuzzy systems
is discussed. Therefore, in the third season of two methods for fuzzy impulsive
controller design for continuous-time TS fuzzy systems are given. In the fourth season
Lyapunov functions using a powerful method for stabilization of TS fuzzy discrete-time
systems is introduced. At the end of each section, using practical examples, and
verification of the accuracy of the proposed method is shown as well.

Keywords: Fuzzy impulsive control; Takagi—Sugeno (T-S) fuzzy model; Memristor-
Based Chaotic System; Lotka-Volterra, Predator-prey System; Takagi—Sugeno (T-S)
fuzzy discrete system; asymptotically stability; piecewise fuzzy Lyapunov function.



Shahrood University of Technology
Department of Electrical and Robotic Engineering

Stabilization Of T-S Fuzzy Systems Using

Non-linear Fuzzy Impulsive Controller

By:
Mohsen Mahdian

Supervisor:
Dr. Mohammad Hadad Zarif

2012





