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Luan an nghién citu mot s6 bai toan dicu khién nhu bai toan dam bao gia
tri diéu khién cho mot s6 16p he phuong trinh vi phan c6 tré bién thién va bai
toan diéu khién H., trong thoi gian hitu han. Luan 4n gom ba chuong.

Trong chuong 1, chiing toi gidi thieu mot s6 kién thitc co sé vé bai toan on
dinh va bai toan on dinh hoa cho hé phuong trinh vi phan thuong va hé phuong
trinh vi phan ¢6 tré. Bén canh d6 chung toi cling trinh bay bai toan dam bao
chi phi dié¢u khién va bai toan diéu khién H,, trong thsi gian hitu han. Ngoai
ra, ching t6i ciing nhéc lai mot s6 bo dé ki thuat bo tro duge st dung trong
chiing minh céc két qua chinh clia luan 4n 6 cac chuong sau.

Trong chuong 2, ching toi dua ra diéu kién dua dé xay dung diéu khién ngudc
thong qua thong tin phan hoi dau ra cho 16p hé phuong trinh vi phan c6 tré bién
thién lien tuc dang khodng. Dong thoi ching to6i ciing nghién ctiu bai toan dam
bdo gia tri chi phi didu khién cho hé phuong trinh vi phan tuyén tinh khong
chic chan c6 tré bién thien.

Trong chuong 3, ching to6i nghién citu bai toan diéu khién H,, trong thoi
gian httu han cho mot 16p hé phuong trinh vi phan phi tuyén c6 tré bién thién
dang khodng thong qua thong tin phan hoi dau ra. Dya vao phuong phap ham
Lyapunov-Krasovskii, bat dang thtc tich phan Jensen mé rong, cac diéu kién
phu thuoc vao do tré déi véi su ton tai ctia cac bo diéu khién nguge thong qua
thong tin phan hoi dau ra duge trinh bay thong qua nghiém clia bat ding thic
ma tran tuyén tinh. Cac dieu kién nay cho phép ching to6i xay dung cac bo dicu
khién ngudc thong qua thong tin phan hdi dau ra nhiam dam bao cho tinh 6n
dinh ctia hé déng trong thoi gian hitu han. Ngoai ra, chung t6i cing dua ra mot
ap dung gidi bai toan diéu khién H., cho hé phuong trinh vi phan tuyén tinh
khong chic chan véi tré bién thien.



ABSTRACT

The thesis studies some control problems of differential equations with time-
varying delays as the guaranteed cost control via output feedback control and the
robust finite-time H., control via output feedback control. The thesis consists
of three chapters.

In Chapter 1, we introduce some mathematical backgrounds of Lyapunov
stability and stabilization of functional differential equations. We present two
control problems: the guaranteed cost control via ouput feedback control and
the finite-time H,, control via output feedback. Some technical lemmas needed
for the proof of the main results are given.

In Chapter 2, we provide sufficient conditions for designing output feedback
controllers of the nonlinear observed control system with time-varying delays.
Simultaneously, we also study the guaranteed cost control problem for the linear
uncertain system with time-varying delays.

In Chapter 3, we study the robust finite-time H., control problem for a class
of nonlinear systems with time-varying delays and disturbances via ouput feed-
back. Based on the Lyapunov function method and using a generalized Jensen
integral inequality, we present delay-dependent conditions for designing output
feedback controllers, which robustly stabilize the closed-loop system in the finite-
time sense. The conditions are formulated in terms of linear matrix inequalities.
An application to finite-time H,, control of linear uncertain systems with inter-
val time-varying delays is given.
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L.OI CAM DOAN

T6i xin cam doan day la cong trinh nghién citu ctia riéng toi, duge hoan thanh
dudi sy huéng dan ctia GS. TSKH. Vit Ngoc Phat. Céac két qua viét chung véi
tac gia khac da duge sy nhat tri ctia dong tac gid khi dua vao luan an. Céac két
qud néu trong luan an la nhiing két qua trung thuc va chua ting dude ai cong
b6 trén bat ky cong trinh nao khac.

Tac gia luan an

Ta Thi Huyén Trang
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LOI CAM ON

Luan an dugce thiye hién va hoan thanh dudi sy hudéng dan khoa hoc ctia
GS.TSKH. Viu Ngoc Phat, ngusi da tan tinh huéng dan va giup dd téi trong
su6t qua trinh lam luan 4n. Toi xin t6 long biét on sau sic t6i Gido su. Thay
da dan dat toi tit nhitng bude dau tién, nhu cach dat van dé nghién ctu, cach
viét mot bai bao khoa hoc, cach md rong van dé nghién cttu. Nho sit chi bao clia
thay, toi ngay cang tién bo hon trong nghién citu khoa hoc. Bén canh do, thay
luon tao diéu kién cho toi duge giao luu, hoc héi v6i nhiéu nha toan hoc trong
nude va quoc té, gitp toi trudng thanh hon trong moéi trudng nghién ctu. Dic
biét, thay luon bén canh dong vién toi vuot qua moi khé khin trong cudc song
va trong cong tac lam khoa hoc, dé toi c6 dong lic phan dau va vuon lén trong
cudc song va hoc tap.

Toi cling chan thanh cdm on cac thay co, cac ban dong nghiép, cac anh chi
nghién citu sinh, cac thanh vién trong nhom Xeémina T6i uu va Diéu khién da
ludn quan tam, giup d&, trao doi nhitng ¥ kién quy bau cho t6i trong thoi gian
lam nghién cttu sinh.

Trong qué trinh hoc tap va nghién ctu, t6i da nhan dugde nhiéu sy giup do
va tao diéu kién thuan lgi tit Ban Lanh dao, Trung tam Dao tao sau Dai hoc
ctia Vien Toan hoc. Téi tran trong cAm on su gitp dé ciia cac thay co.

T6i chan thanh cAm on nhiing nguoi than ciia toi: b, me, chong va cac con
ctia toi. Ho luon sat canh bén toi, chia sé va dong vien, 1a dong luc dé toi ¢

gang va hoan thanh luan an.

Tac gia luan an

Ta Thi Huyén Trang
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DANH MUC CAC KY HIEU

R 1a tap cac s6 thuec

R* 1a tap céac s6 thuc khong am

R™ 14 khong gian véc to Euclide n chiéu

R™" Ia tap cdc ma tran thuyce kich thude (n x r)

n
(x,y) = x 'y la tich vo huéng tren R”, z 'y = > xiy;
i=1

N 1/2
||z|| 1& chuan Euclide ctia véc to x = (z1,29,...,2,) € R, ||z|| = <Z :cf)

i=1
C ([a, b],R™) 1a khong gian cac ham lién tuc trén [a, b] nhan gia tri trong R" v6i

chuan ||z|c = sup |lz(t)]
a<t<b

C! ([a,b], R™) 1a kl_léng gian cac ham kha vi lién tuc trén [a, b] nhan gia tri trong

R” v6i chuan |z|lcr = sup ||z(t)]| + sup [|z(t)]|
a<t<b a<t<b

I, 1a ma tran don vi kich thuéc n x n

* cac phan tit dudi duosng chéo chinh clia ma tran doi xting

AT 13 ma tran chuyén vi clia ma tran A

A(A) 1a tap cac gia tri rieng ctia ma tran A

Amax(A) ;= max {ReX : A € A\(A)}

Amin(A) := min{ReX: X € A\(A)}

A >0 c6 nghia 1 ma tran A nta xac dinh duong, tic la 2" Az > 0 Vo € R®

A > 0 c6 nghia la ma tran A xac dinh duong, tc la 2" Az > 0 Vo € R™\ {0}
F* 1a ma tran lién hop ctia ma tran F

K 1a khong gian cac ham lién tuc khong giam a(-) : RT — R*, a(0) =0, a(s) >
0Vs>0

L? ([0, 00),R") 1a khong gian cac ham binh phuong kha tich trén [0, 0c0) lay gid
tri trong R".

PC ([-7,0),R™) la khong gian cac ham lién tuc ting khic trén doan [—r, 0]



MG DAU

Ly thuyét on dinh va 6n dinh héa cac hé dong luc 14 mot trong nhitng huéng
nghién citu quan trong, c¢6 nhiéu tng dung trong ly thuyét dieu khién va tng
dung, thu hat sy quan tam nghién cttu ctia nhiéu nha toan hoc trong va ngoai
nudce.

Ly thuyét on dinh Lyapunov duge hinh thanh sau khi A.M. Lyapunov, nha
toan hoc ngudi Nga, cong bo va bao vé thanh cong luan an tién si c6 tieu de “Bai
todn tong quan vé tinh én dinh ctia chuyén dong”. A.M. Lyapunov da nghién
ctiu va xay dung duge nhing Iy thuyét co s, nén tang cho 1y thuyét on dinh,
diic biet 1a dua ra hai phuong phap nghién citu tinh 6n dinh ciia cac hé phuong
trinh vi phan thuong. D6 14 phuong phap s6 mii Lyapunov va phuong phap ham
Lyapunov.

Dé c6 tng dung nhiéu hon trong thuec té, ngusi ta khong chi quan tam dén
viéc tim ra cac tiéu chuan on dinh ctia hé ma con phai tim cach thiét ké duoc
mot he théng diéu khién dam bao mot mitc do day du vé hieu suat (guarantees
an adequate level of performance). Dya trén nhu cau thuyc tién nhu vay, nam
1972, S.S.L. Chang va T.K.C. Peng [13] da dua ra bai toan dam béo gia tri diéu
khién cho hé théng. Trong bai toan nay, ngoai viéc thiét ké mot bo diéu khien
dé ddm bao cho hé théng diéu khién khong nhitng on dinh ma con dam bao riang
mot ham chi phi toan phuong lién hé véi hé dong luc do cé gia tri hitu han va
gia tri d6 cang nhd cang tot.

Nam 1994, [.R. Petersen va D.C. McFarlane [44] da nghién citu bai toan dam
bao chi phi diéu khién cho hé diéu khién dugc mo td duéi dang hé phuong trinh
vi phan thuong c6 nhiéu cau tric:

i(t) = [A+ DiA(t)Er]z(t) + [B + DiA(t)Eslu(t), t >0, )
z(0) = xo,

trong do z(t) € R™ la véc to trang thai, u(t) € R™ la véc to diéu khién. Cac ma
tran A, B, Dy, By, 5 1& cdc ma tran thuc cho trude c6 s6 chiéu thich hop. Con
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A(t) 1a ma tran thoéa man diéu kien AT(¢)A(t) < I,Vt > 0. Xét ham chi phi
toan phuong

J = /0 OO[:UT(t)Rlx(t) -+ uT(t)Rgu(t)]dt, (2)

trong d6 Ry € R™" Ry € R™ ™ 14 cac ma tran thuc doi xing, xac dinh duong
cho trude. Khi d6 bai toan ddm bao chi phi diéu khién cho 16p hé (1) dugc phat
biéu nhu sau: Xét he phuong trinh vi phan (1) véi ham chi phi toan phuong (2),
néu ton tai mot ham diéu khién phan hoi trang thai u*(t) = Kx(t) v mot b
duong J* sao cho v6i moi nhiéu A(t), hé déng

i(t) = [A+ DiA(t)Ey)z(t) + [B + D1 A(t) EBo] Kx(t)

la 6n dinh tiém can va gia tri ctia ham chi phi toan phuong théa man danh gia
J(u*) < J*, thi J* dugc goi la gia tri ddm bao chi phi diéu khién cho hé (1) va
u*(t) duge goi 1a ham dam bdo chi phi diéu khién cho he (1).

I.R.Petersen va cong su [44] da st dung phuong trinh Riccati dai s6 dé dua
ra mot tieu chuan cho bai todn ddm béo chi phi diéu khién cho he (1).

Nam 1999, L.Yu va J. Chu [60] d& mé rong bai toan trén cho 16p hé phuong

trinh vi phan khong chic chan cé tré hang:

o) = [4+ M) + [+ Aot =D+ B+ ABlue).
x(t) = o(t), te[-d;0],

trong dé xz(t) € R™ la véc to trang thai, u(t) € R™ la véc to dieu khien. Cac
ma tran A, Ay, B 1a cdc ma tran thuyc hang cho truéc c6 s6 chiéu thich hop.
Con AA,AA;,AB la cdc ma tran théa man dicu kien [AA AB AAj] =
DF(t)[E1 Es E4|. Ham chi phi toan phuong la ham (2). Céc tac gia da st
dung phuong phap ham Lyapunov-Krasovskii va 1y thuyét ma tran dé dua ra
diéu kien dii cho sy ton tai mot ham didu khién phan hoi trang thai u(t) = Kz(t)
dam bao chi phi diéu khién cho heé.

Nam 2012, M.V. Thuan va V.N. Phat [51] da nghién cttu bai toan dam béo
chi phi diéu khién cho 16p hé phuong trinh vi phan c6 tré hén hop trén ca bién
trang théai va bién diéu khién v6i do tré la cac ham lien tuc nhung khong nhat
thiét kha vi:

( t

(t) = Aox(t) + Arz(t — hi(t)) + As /tk o x(s)ds

4 +Bou(t) + Biu(t — ho(t)) + Bs / ( )u(s)ds, (4)
t—ka(t

x(t) = ¢(t), te[=d;0],



trong d6 z(t) € R™ 1a véc to trang thai, u(t) € R™ la véc to diéu khién. Cac
ma tran Ag, A1, As, By, B1, By 13 cac ma tran thuc hang cho truée c6 s6 chicu
thich hgp. Trong nghién cttu ctia minh, cac tac gia da xay dung ham Lyapunov-
Krasovskii méi trong d6 c6 chita toc do mil @ ciia hé, két hop véi cong thiic
Newton-Leibniz, bat ddng thitc ma tran Cauchy, cac tac gid da tim ra mot dieu
kién di cho sy ton tai ham dicu khién u(¢) = Kx(t) ddm bao chi phi diéu khién
cho 16p hé c6 tré hdn hgp trén bién trang thai va bién diéu khién v6i do tré bién
thién khac nhau.

Trong Chuong 2, chiing to6i nghién cttu bai toan dam bao chi phi diéu khién
cho mot s6 16p hé phuong trinh vi phan c6 tré bién thién lien tuc dang khoang
(tap gia tri ctia tré 14 doan thang) va khong kha vi thong qua thong tin phan
hoi dau ra: hé phi tuyén, hé khong chiac chin. Xét phuong trinh vi phan phi

tuyén c6 tré bién thién trén bién trang thai va bién quan sat
H1) = Ave(t) + Asi(t — h(8) + Bu(t) + £ 2(1), ot — (1)), u(®)),
Qy(t) = Cia(t) + Cox(t — h(t)), (5)

z(t) = ¢(), te[=hy0]

trong d6 x(t) € R™ 1a véc to trang thai; u(t) € R™ la véc to diéu khién; y(t) € RP
la véc to quan sat; Ay, Ay € R B € R™™ (1, Cy € RP*™ ]a cac ma tran thuc
cho truée véi s6 chiéu thich hop; ham tré A(¢) 1a ham lien tuc thda man dicu
kién

0 < hy < h(t) < ho.
Ham nhiéu phi tuyén théa man diéu kién tang trudng dudi tuyén tinh

frt, o aopu) f(t,z, op,u) <z Bl Byx + 2] B) Eyxy, +u' E Bsu,  (6)

v6i moi t € R, x,x;, € R*, u € R™, Ey, By, E3 1a cic ma tran thuc véi sd chieu

thich hop, va E3 1a ma tran hang cot day du. Ta xét ham chi phi sau
Jw) = [ gltale). (e~ h(6), ule))dr @
0
voi g(t, z,y,u) : RT X R” x R" x R™ — R* 1a ham lién tuc duge cho bdi

lg(t, 2, zp,u)| < 2T Quz + ) Qo + u' Ru, (8)

trong do Vt € RT, z,x;, € R",u € R™, Q1,Q2 € R™", R € R™™ 13 cac ma
tran thyc, déi xing, xac dinh duong cho trude.
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Muc dich chinh ctia phan nay la ta sé thiét ké ham diéu khién phan hdi dau
ra u*(t) = Fy(t), F € R™*? sao cho hé dong

#(t) = (A + BFC)x(t) + (A + BFCy)a(t — h(t))

X +f(t 2(t), z(t — h(D))), (9)

2(t) = ¢(t), te[=hy0

la on dinh héa va ddm bao chi phi diéu khién cho hé (5). Trong luan &n, ching
t6i dua ra dicu kien dua dé thiét ké diéu khién phan hoi dau ra cho 16p hé phuong
trinh vi phan c6 tré bién thién lién tuc dang khoang. Dong thoi ching toi cling
nghién citu bai toan dam bao gia tri diéu khién cho hé diéu khién tuyén tinh
khong chic chan tré bién thién:

@(t) = (Ar+ LiMi(8)Hy) x(t) + (A2 + LaMs(t) Hy) x(t — h(?))

Vy(t) = Cix(t) + Cox(t — h(t)), (10)
u(t) = Fy(t),

xz(t) = o¢(t), te€[—hy,0].

Bén canh dé bai toan diéu khién H., ctia hé ¢6 tré thu hut duge nhidu su
quan tam veé mat li thuyét ciing nhu thuye tién do tré khong nhitng 14 mot yéu
t6 khong thé tranh khéi trong nhiéu qua trinh thuc té ma con la nguyén nhan
cho sut khong 6n dinh va hiéu suat kém. Muc dich khi nghién cttu bai toan diéu
khién H., 1a thiét ké mot dieu khién lam cho hé déng tuong tng 1a on dinh tiem
can khi w = 0 va dam bao hiéu suat rang buoc clia hé thong 1a 16n nhat. Déi véi
bai toan diéu khién H.,, phuong phap thich hgp cho céc hé tuyén tinh cé tré
thuong st dung cac ham Lyapunov, theo dé cac dieu kién thu dugc thong qua
viée gidi cac bat dang thiic ma tran tuyén tinh hofic cac phuong trinh vi phan
Riccati dai s6.

Nam 1990, Lihua Xie va Carlos E. de Souza nghién cttu hé

#(t) = Az(t) + Byw(t) + (Bs + ABy(t))u(t),

2(t) = Crx(t) + Dyu(t),



véi két qua thu duge 1 tinh 6n dinh tiém can ctia hé khi khong ¢6 nhiéu va dieu
kien H., dudc thé hieén thong qua phuong trinh Riccati dai sb.

Nam 2005, Xiefu Jiang va Qing-Long Han [25] lan dau tién nghién citu bai
toan diéu khién H., cho heé tuyén tinh c6 tré bién thién lien tuc dang khoang
khong kha vi va khong c6 tré trong ham quan sat

#(t) = [A+ AA®)](t) + [B + AB(#)]u(t)
4 A+ AA (D]t — h(t)) + Buw(?),

2(t) = Cx(t) + Diu(t),

va két qua thu dugc la tinh on dinh tiém can.
Nam 2009, L. V. Hién va V. N. Phét [24] nghién ctu hé véi tré kha vi va dao
ham tré bi chan

E(t) = [Ao + AAo(t)]|z(t) + [A1 + AA; (t)]z(t — h(t)) + [B + AB(t)]u(t),

va két qua thu dugc la tinh on dinh va 6n dinh héa dang mii.

Nhu vay, bai toan diéu khién H,, méi chi duge nghién citu cho mot sé 16p
hé c6 cau tric don gidn, do tré hoidc 1a hing s6 hoac 14 ham kha vi. Ngoai ra,
cac tac gid chil yéu nghién ctu bai toan diéu khién H,, theo nghia Lyapunov-
Krasovskii. Theo nhu hiéu biét cia ching t6i, chua c6 két qua nao vé nghién
citu bai toan diéu khién H,, trong thdi gian hitu han cho 16p hé phi tuyén cé tré
tong quat 1a ham lien tuc nhung khong nhat thiét kha vi duge cong bo.

Trong Chuong 3, ching toi nghién ctu bai toan diéu khién H,, trong thoi
gian hitu han ctia mot 16p hé diéu khién phi tuyén co tré bién thién lién tuc dang
khoang thong qua thong tin phan hoi dau ra. Xét phuong trinh diéu khién phi
tuyén c6 tré bién thién trén bién trang thai

;

(t) = A1x(t) + Asx(t — h(t)) + Bu(t) + Gu(t)
+f(tx(t), x(t = h(t)), u(t), w(t)),
2(t) = Cra(t) + Cox(t — h(t)), t >0,

2(t) = (), t€[=hy,0],

trong d6 z(t) € R™, u(t) € R™, 2(t) € RP lan lugt 1a cac ham trang thai, ham diéu
khién, va ham quan sat dau ra; A, Ay € R™" B € R™™ G € R (C,,C, €
RP*™ 13 cac ma tran thuc cho trude véi sé chiéu thich hop.
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Ham tré A : R™ — RT 14 ham lién tuc va thdéa man
0<hi <h(t) < hyy, Vt>0,

trong d6 hy, he 12 hai hing s6 cho trude. Ham diéu kién ban dau ¢ € C! ([—hs, 0], R?)
va ham nhiéu w(t) 1a ham lién tuc théa man

/Twufw@mtgd. (12)
0

Ham phi tuyén f(¢, z,y,u,w) théa man diéu kién tang trudng dudi tuyén tinh,
tiic 1a ton tai cic s6 thuc khong am ay, as, as, a4 sao cho véi moi z,y € R, u €
R™ w e R", ta co

IFII* < axllzl® + azllyl® + as]lull* + aallw]*. (13)

Dinh nghia 0.0.1 (On dinh trong thoi gian hitu han). Cho cac s6 duong
T, c1,c9,c0 > c1, va ma tran xac dinh duong R. Hé phuong trinh (11) dugc
goi 14 6n dinh trong thoi gian hitu han (FTS) tuong tng véi (ci, ez, T, R), néu
ton tai mot diéu khién nguge thong tin phan hoi dau ra u(t) = Fz(t) sao cho
diéu kién sau thoa man véi moi nhiéu thoa man (12) véi moi ¢t € [0, 7]

max{ sup  o(s)" Rp(s), sup @(S)TRgb(s)} < e = x(t)" Ra(t) < e
—h2<s<0 —h2<s<0

Dinh nghia 0.0.2 (Diéu khién H,, trong thai gian hitu han). Cho T' > 0, > 0.
Bai toan diéu khién H,, trong thoi gian hitu han cho hé (11) c6 nghiém néu

(i) He (11) 1a on dinh trong thai gian hitu han tuong ting véi (c1, c2, T, R).

(ii) Ton tai mot s6 ¢y > 0 sao cho

T
Jo lIz(8)]*dt
T —
collell® + Jo llw(®)]>de

su

v6i moi ¢ € C([—hg, 0], R™) va nhiéu w(.) thoa man (12).

Dua vao phuong phap ham Lyapunov, bat ding thic tich phan Jensen mé
rong va cac bat dang thic ma tran tuyén tinh, ching to6i xay dung dugc luat
diéu khién nguge thong qua thong tin phan hoi dau ra nham dam béo cho tinh
on dinh ctia hé déng trong thoi gian hitu han.



Ngoai phan mé dau, két luan, danh muc céc ki hiéu, danh muc cac cong
trinh khoa hoc clia tac gid, tai lieu tham khdo, luan an gom 3 chuong nhu sau:

Chuong 1. Co sé toan hoc.

Chuong 2. Diéu khién ddm bao gia tri téi uu cho hé phuong trinh vi phan
c6 tré thong qua thong tin phan hoi dau ra.

Chuong 3. Bai toan diéu khién H,, trong thoi gian hitu han thong qua thong
tin phan hoi dau ra.

Cac két qua ctia luan an duge hoan thanh duya trén hai bai bao dang trén cac
tap chi chuyén nganh trong danh sach SCI-E va dugc bao cao tai :

- Xémina tai Phong T6i wu va Diéu khién, Vien Toan Hoc, Vien Han lam
Khoa hoc va Cong nghé Viét Nam.

- Hoi nghi Toan hoc phéi hgp Phap Viet tai Dai hoc Hué, 20-24/08/2012.

- Hoi thao Khoa hoc can bo tré Vién Toan hoc - Truong Dai hoc Su pham
Ha Noi 2, Phuc Yén, Vinh Phac, 10 - 2014.

- Cac hoi nghi danh gia Nghién cttu sinh ctia Vién Toan hoc, thang 10 - 2012,
thang 10 - 2013, va thang 10 - 2014.

10



Chuong 1

CO SO TOAN HOC

Trong chuong nay, chiing toi trich dan mot s6 khai niem va két qua da biét
vé tinh on dinh va 6n dinh hoa dudc clia hé phuong trinh vi phan c6 tré, bai
toan dam bao chi phi diéu khién, bai toan diéu khién H., trong thsi gian hitu
han, va mot s6 kién thic bo trg trong luan an. Cac khai niem va két qua nay
nham gitp viéc trinh bay mot cach hé thong va 16 rang cic két qua trong cac
chuong sau. Kién thitc st dung trong chuong nay dude ching toi tham khao
trong [1, 5, 6, 12, 22, 35, 59].

1.1 Baitoan 6n dinh va on dinh héa hé phuong

trinh vi phan cé tré

1.1.1 Bai toan on dinh hé phuong trinh vi phan cé6 tré

Nhu chung ta da biét hé phuong trinh vi phan thuong mo t4 moi quan hé
gitta bién thoi gian ¢, trang thai x(t) clia hé thong va tdc do thay ddi clia trang
thai z(t) tai cing mot thai diém ¢. Tuy nhién, trong thuc té, cic qua trinh xay
ra trong ti nhién thuong c6 sy lién quan véi qua khit va it nhiéu mang tinh
di truyén. Vi vay 16p hé phuong trinh vi thuong khong miéu ta duge hét cac
qué trinh nay. Do d6, dé mo td mot cach chinh xac cac qué trinh nay, ngudi ta
thuong miéu ta ching bang cac phuong trinh vi phan c6 tré.

Gia st h 1a mot s6 thyc khong am. Ki hieu C = C([—h,0],R") la khong
gian Banach cac ham lién tuc trén doan [—h, 0], nhan gia tri trong khong gian
R”™, va chuan cia mot phan tit ¢ € C duge cho bdi ||p|| = sup ||¢(0)]. Véi

<6<0

to € R,o > 0vaxz e C([to — h,tp + o],R"), ham z, € C,t € [;50,_250 + o], duge
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xac dinh béi x4(s) := z(t+s),s € [—h,0]. Nhu vay, z; la mot quy dao trén doan
[t — h,t] ctia ham x(.) v6i chuan trong C. Néu D C R x C 1a 1 tap md va ham
f D — R™la ham cho truéc thi mot phuong trinh vi phan ¢6 tré trén D la
phuong trinh ¢6 dang:

B(t) = f(t, @), (1.1)
Mot ham x(-) duge goi 1a nghiem ctia phuong trinh (1.1) néu ton tai ty € R va
o > 0 sao cho z(-) € C ([to — h,to +0),R"), (t,x¢) € D va z(t) théa man (1.1)
v6i moi t € [tg,to+0). V6ity € R, v € C, tandi x(tg, ¢, f) 1a nghiém ctia phuong
trinh (1.1) v6i gia tri ban dau w4, (to, ) = . Ching ta luon gia thiét ham f
théa man diéu kien v6i méi diém (¢, ) € RT x C, he (1.1) c6 nghigm duy nhét
di qua diém (#g, ¢) va xac dinh trén [ty, 00). Su ton tai duy nhat nghiém toan
cuc, sy phu thudc lién tuc ctia nghiem vao dit kien ban dau ctia he (1.1) ¢6 thé
xem trong [22].

Dinh nghia 1.1.1. [22] Gia st f(¢,0) = 0 v6i moi ¢t € R.

e Nghiém 2 = 0 ctia phuong trinh (1.1) dugc goi 1a 6n dinh néu véi bat ki
to € R, € > 0, ton tai § = d(to, £) sao cho néu ||¢||¢c < & thi ||x(to, p)lle < e
v6i t > to. Nghiem z = 0 ctia phuong trinh (1.1) dugc goi 1 6n dinh déu
néu ton tai sé 6 theo dinh nghia én dinh khéng phu thudc vao to.

e Nghiem =z = 0 ctia phuong trinh (1.1) dugc goi la on dinh tiém can
néu né on dinh va ton tai by = by(tg) > 0 sao cho néu ||p||c < by thi
tlim z(to, ¢)(t) = 0.

— 00

Néu y(t) 1a nghiém bat ki ctia phuong trinh (1.1), thi y dugde néi 1a én dinh

néu nghiém z = 0 ctia phuong trinh

()= f(t,ze +y) — f(t,ue)

14 6n dinh. Cac khai niem vé 6n dinh khéac dugce dinh nghia tuong tu trusng hop
£(£,0) =0,V € R.

Dinh nghia 1.1.2. [27] Gia st f(¢,0) = 0,Vt € R va § > 0 cho trude. Khi do,
nghiém z = 0 cfia phuong trinh (1.1) duge goi 1& f—o6n dinh mil néu ton tai
hang s6 M > 0 sao cho moi nghiém z(tg, ») ctia hé (1.1) théa man

[l(to, p)(D)]| < Me™ PN [plle, ¥t > to.
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Nam 1892, A.M. Lyapunov la ngusi dau tién dua ra phuong phap ham Lya-
punov (hay con goi la phuong phap thit hai Lyapunov) dé nghién citu tinh 6n
dinh ctia 16p hé phuong trinh vi phan thuong. Nam 1963, N.N. Krasovskii trong
cong trinh ctia minh trong [22, 28, 29, 30] mé rong phuong phap ham Lyapunov
cho hé phuong trinh vi phan c6 tré va da thu duge rat nhiéu két qua c6 ¥ nghia.
Tiép theo, ching toi trinh bay dinh nghia ham Lyapunov-Krasovskii v mot s
diéu kién du cho tinh 6n dinh clia nghiém x = 0 ctia phuong trinh (1.1). Trudc
khi dua ra dinh nghia ham Lyapunov-Krasovskii, chiing ta can ki hieu va gia
thiét sau:

e Qu = {p €C: |lgllec < H} va gia st v6i mdi H > 0, ham s6 f :

R x Qg — R 1a lién tuc, bi chan, va théa man dicu kien Lipschitz dia
phuong theo bién thi hai.

Dinh nghia 1.1.3. [22] Néu V : R x Qg — R lién tuc va z(-) 1a nghiém cia
phuong trinh (1.1), ching ta dinh nghia

. ) 1
V(t, ) =limsup — [V (¢ + h, 240 (t, ) = V(L 9)] -
h—0t+ h

Ham V (¢, ¢) 1a dao ham bén phai ciia V (¢, ¢) doc theo nghiém ctia (1.1).

Dinh nghia 1.1.4. [28) Ham V : R x Qg — R lién tuc va V(¢,0) = 0 dugc goi
1a ham Lyapunov-Krasovskii ctia he (1.1) néu cac diéu kién sau thoa man

i) ham V (¢, ) xac dinh duong, tic la

Jue K ul|p(0)]) <Vt ), Yo € Qu, t € R,

i) V(t,0) <0, Vo € Qp.

Dinh i 1.1.5. [28] Gid su f(t,0) = 0. Khi d6, néu hé (1.1) ¢ ham Lyapunov-
Krasouvskii thi nghiém x = 0 cua hé la on dinh.

Dinh 1i 1.1.6. [27] Néu ton tai ham lien tuc V : RY x C — R théa man:
i) ton tai M\, A2 > 0 sao cho M||p(0)]]? < V (¢, 0) < Xal|¢l|,
i) V(t,p) <0,

thi hé (1.1) la on dinh va nghiém cia né la bj chdn, tic la ton tai M > 0 sao
cho
||z (to, ) ()] < Mllglle, V(to, ) € RT X C, t > to.

Néu thay dieu kien (i) bang diéu kién
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iii) ton tai Ao > 0 sao cho V(t, @) < —2X\V (t, ) vdi moi (t, ) € Rt x C,

thy hé (1.1) la on dinh mi va nghiém ciia hé théa man

Aoy
[[(to, £)(B)]] < 4/ r Aolt=10)| |||, VE > to.

1.1.2 Bai toan on dinh héa cho hé diéu khién cé tré

Xét he diéu khién duge mo ta bdi phuong trinh vi phan

o(t) = f(tznut), t=0, (1.2)

z(t) =),  tel=h0]

trong d6 x(t) € R" la véc to trang thai, u(t) € Ly ([0, +00), R™) 1a véc to dieu
khién, A > 0 la hing s6 tré, ¢ € C ([—h,0],R") 13 ham diéu kien ban dau va
ham f: R x R" x R”™ — R" thoa man diéu kién f(¢,0,0) = 0. Ta ciing gia thiét
hé diéu khién (1.2) ton tai va duy nhat nghiém trén [0, +oo) [14].

Dinh nghia 1.1.7. [1] He diéu khién (1.2) goi la 6n dinh héa duge néu ton tai
ham ¢ : R" — R™, ¢(0) = 0, sao cho nghiém z = 0 ctia hé déng

o(t) = f(t, 2z, g(x(1)))

la on dinh tiém can. Trong trudng hop nay, ham u(.) = g(.) goi la ham diéu
khién ngugc.

Dinh nghia 1.1.8. [1] Cho 3 > 0. Hé diéu khién (1.2) dugc goi 1a 6n dinh hoa
duge dang mii néu ton tai ham g : R” — R™, ¢(0) = 0, sao cho nghi¢gm z = 0
cua hé dong

o(t) = f(t, x, g(x(t)))

14 f—o6n dinh mil.

1.2 Bai toan dam bao chi phi dieu khién
Xét he diéu khién tuyén tinh
i(t) = Az(t) + Bu(t), t>0
z(0) =29 € R", u(t) € R™,
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v6i ham chi phi toan phuong (hay con goi la ham muc tiéu dang toan phuong)

J(u) = /0 h (27 (1)Qux(t) +u' (t)Ru(t)] dt, (1.4)

trong d6 Q € R™"™ R € R™™ la cidc ma tran déi xing, xac dinh duong cho
truge. Didu khién u(t) € Lo ([0, 00), R™). Bai toan diéu khién téi wu cho he diéu
khién tuyén tinh (1.3) hay con goi 1 bai toan tdi ttu toan phuong tuyén tinh la
tim diéu khién chap nhan duge v*(.) sao cho véi dicu khién nay gia tri ctia ham
chi phi toan phuong dat gia tri nhé nhat.

Trong cac bai toan ki thuat, ngoai viéc tim cach thiét ké mot hée thong diéu
khién lam cho hé diéu khién khong nhitng on dinh ma con ddm bao mét mitc do
day du ve hieu suat (guarantees an adequate level of performance). Dya trén ¥
tudng dé, nam 1972, hai nha toan hoc S.S.L.. Chang va T.K.C.Peng da dua ra
bai toan ddm béo chi phi diéu khién cho céc he dong luc [13]. Khac véi bai toan
t6i wu toan phuong tuyén tinh, ngoai viéc thiét ké mot bo diéu khién dé dam
bao cho hé théng diéu khién khong nhitng on dinh ma con dam bao ring mot
ham chi phi toan phuong lién hé véi hé dong lic do co gia tri hitu han va gia tri
d6 cang nhd cang t6t. Bai toan dam bao chi phi diéu khién cho he (1.3) c6 thé
phat biéu nhu sau:

Dinh nghia 1.2.1. Xét hé diéu khién tuyén tinh (1.3) v& ham chi phi toan
phuong (1.4), néu ton tai ham diéu khién phan hoi trang thai u*(t) = Kz(t), K €
R™ ™ va mot s6 duong J* sao cho he déng

i(t) = [A+ BK]x(t), (15)
z(0) = g

I3 on dinh tiém can va gid tri ctia ham chi phi toan phuong (1.4) théa man
J(u*) < J*, thi J* dugde goi la gia tri ddm bao chi phi diéu khién cho he (1.3)
va u*(t) dugc goi 1a ham diéu khién phan hdi trang thai dam bao chi phi dicu
khién cho hé (1.3).

Bing cach chon ham Lyapunov V(z(t)) = 2 ()P ~1z(t), véi P € R la
mot ma tran doi xing, xac dinh duong, ta dé dang thu dugc két qua sau:

Dinh Ii 1.2.2. [13] Cho Q € R"™"™ R € R™ ™ [4 cdc ma tran doi zing, zac dinh
duong. Xét hé diéu khién tuyén tinh (1.3) vdi ham chi phi toan phuong tuong
ing (1.4). Gid sit ton tai mot ma tran doi xing, xdc dinh duong P € R™ ", mot
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ma tran'Y cé so chiéu thich hop sao cho bat dang thic ma tran tuyén tinh sau
duge thoa man:

AP+ PAT+BY +Y'B" PQ Y'R
* —Q 0 < 0.
* * —R

Khi d6 u(t) = Y P~'a(t) la ham diéu khién phdn hoi trang thdi dam bdo chi phi
diéu khién cho hé tuyén tinh (1.3) va gid tri dam bdo chi phi diéu khién cho hé
la J* = x5 P~ lay.

Nam 1994, I.R. Petersen va D.C. McFarlance [44] da giai quyét bai toan dam
bao gi4 tri diéu khién cho he (1.3) khi ma tran A v ma tran B bi "nhiéu" thanh
A+ D1A(t)Ey va B+ D1A(t)Ey, trong d6 Dy, Ey la cdc ma tran cho trude c6
s6 chiéu thich hop, A(f) 13 ma tran khong biét trude nhung théa man dicu kién
AT(#)A(t) < I.

1.3 Bai toan diéu khién H_, trong thdi gian hitu

han

1.3.1 Bai toan 6n dinh, on dinh héa trong thoi gian hitu
han

Ly thuyét én dinh trong thoi gian hitu han dudc gidi thiéu lan dau tien béi
Dorato vao nam 1961. Mot hé phuong trinh vi phan duge goi la 6n dinh trong
thoi gian hitu han néu véc to trang thai khong vuct qua mot miic cho truée
trong khoang thoi gian hitu han. So sanh véi tinh én dinh Lyapunov, thi syt 6n
dinh trong thdoi gian hitu han lién quan dén tinh bi chan ctia véc to trang thai
trong mot khoang thai gian cho trude. Do d6, mot hé c6 thé én dinh trong thoi
gian hitu han nhung khong 6n dinh Lyapunov, va ngudc lai. Bai toan on dinh
trong thoi gian hitu han c6 thé phat biéu nhu sau:

Dinh nghia 1.3.1. [4, 16] [Bai todn on dinh trong thoi gian hitu han] Cho
T >0,c0 > ¢; >0, R1a ma tran xac dinh duong. Hé phuong trinh: @(t) = Ax(t)
dugc goi 1a on dinh trong thsi gian hitu han (FTS) tuong tng véi (cy, c2, T, R)
néu:

2 (0)Rz(0) < ¢; = o' (t)Ra(t) < ¢y, Yt e€[0,T].
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Dinh nghia 1.3.2. [4][Bai todn bi chan trong thdoi gian hiu han] Xét hé phuong
trinh tuyén tinh

(t) = Az(t) + Gw(t), te€]0,T),

(1.6)
x(0) = xo,
v6i ham nhiéu théa man diéu kién
w' (Hw(t) <d, (d>0). (1.7)

He (1.6) dugc goi la bi chin trong thsi gian hitu han (FTB) tuong tng véi
(c1,c9, T, R, d), v6i ¢ > ¢1 va R > 0 1a ma tran xac dinh duong néu

2 (0)Rz(0) < ¢; = o' (H)Ra(t) < ¢y, VE€[0,T],Vw: w' (H)w(t) < d.

Trong [4], bang cach dit ham V(z,w) = J;TR%QIIR%x +w' Qy w céc tac
gid Amato F., Ariola M. va Dorato P. da chiing minh dugc mot diéu kien da dé
hé (1.6) bi chan trong thai gian hitu han nhu sau.

Dinh 1i 1.3.3. [4] Dat @vl = R%QlR%l. Hé (1.6) bi chan trong thoi gian hiu
han tuong ting vdi (c1,co, T, R,d) néu ton tai mot hang so duong o, va hai ma
tran wdc dinh duong doi ming Q1 € R™™ va Q € R sao cho

AQ1+ QAT —aQ, GQy

QG —a()2
c1 n d - coe T
)\min(Ql) Amin(@Q) )\max(Ql) ’

trong dé Amax(.) va Amin(.) lan gt la cdc gid tri riéng 16n nhat, nhé nhat cia

cac ma tran tuong ung.

Tiép theo ching ta sé nhac lai mot bai toan quan trong khac ctia 1y thuyét
diéu khién trong thoi gian hitu han 1a bai todn 6n dinh héa trong thdi gian hitu
han.

Dinh nghia 1.3.4. [4, 5][Bai todn on dinh héa trong thoi gian hitu han] Cho

T > 0,co > c; >0 va R 1a ma tran xac dinh duong. Hé diéu khién:

i(t) = Ax(t) + Bu(t), te€[0,T), (1.8)

z(0) = xo,
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dugc goi 1a 6n dinh héa dugc trong thai gian hitu han néu ton tai ham diéu khien
nguge u(t) = Kx(t) sao cho hé déng i(t) = [A + BK]x(t) 1a on dinh trong thoi
gian hitu han (FTS) tuong tng véi (¢, ¢, T, R).

Dinh 1i 1.3.5. [4, 5] Xét hé diéu khién tuyén tinh (1.8). Gid st ton tai mot
hang so6 khong am o, va ma tran xdc dinh duong Q@ € R™™ va mot ma tran
N € R™"™ sqo cho

AQ+ QA" + BN+ N'B" —aQ < 0,

cond(Q) < 2e_aT,
C1

thi he (1.8) on dinh héa duge vdi diéu khién nguge u(t) = Kx(t), véi K = NQ™*.
~ -1 -1 )\maX(Q)
Trong do Q = R=Z QR™= wva cond()) = ———.
( ) Amin(@)
1.3.2 Bai toan diéu khién H,, trong thdi gian hitu han

Xét hé phuong trinh vi phan diéu khién tuyén tinh

.

&(t) = Az(t) + Bu(t) + Gw(t), t €[0,T],

2(t) = Cx(t), (1.9)

trong d6 x(t) € R™ 1a véc to trang thai, u(t) € R™ la véc to diéu khién, z(t) € RP
la ham quan sat, va w(t) € R" 1a ham nhiéu.

Dinh nghia 1.3.6 (Bai todn diéu khién H,, trong thdi gian hiu han). Cho
T > 0,7 > 0. Bai toan diéu khién H,, trong thoi gian hitu han cho hé (1.9) la
bai toan tim dicu khién ngugc u(t) = Fz(t) théa man cac dicu kién sau:

e Véi w = 0, hé dong: #(t) = [A + BF]z(t) 14 6n dinh trong thai gian hitu
han (FTS) tuong tng véi (¢q,co, T, R).

e Ton tai ¢y > 0 sao cho:

T
Jo ll=()]*dt
T —
collpll® + Jo Ilw(@)]>dt

(1.10)

trong d6 supremum chay trén ¢ € C([—hs, 0], R") va nhiéu w(.) théa man
(1.7).
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1.4 BAt diang thitc ma tran tuyén tinh

Van dé bat dang thiic ma tran tuyén tinh (LMI) trong phan tich cac he
thong dong lyc da xuat hién tit hon 100 nam trude. Bat dau vao khoadng nam
1890, khi Lyapunov xuit ban cac cong trinh veé li thuyét Lyapunov. Ong da chi
ra rang hé phuong trinh tuyén tinh

i(t) = Ax(t)

la on dinh tiém can khi v& chi khi ton tai mot ma tran P xac dinh duong sao
cho:
ATP+ PA<O.

Bat dang thic trén 13 mot dang dac biet ctia LMI, va c6 thé gidi mot cach tudng
minh thong qua giai hé cac bat phuong trinh tuyén tinh.

Dinh nghia 1.4.1 ([12]). Bit dang thitc ma tran tuyén tinh (LMI) 1a biéu thic
bat dang thitc ma tran c6 dang:

i >\1Az > 0,
=0

trong do \; € R, A; € R™ "™ 1a cac ma tran déi xing cho truée.

LMI xuat hién dau tién nam 1890, khi Lyapunov xuat ban cac cong trinh vé
1i thuyét Lyapunov.

Khoang nam 1940, Lur’e, Postnikov v& nhiéu nha khoa hoc Lién X6 khac lan
dau tien ap dung cac phuong phap ciia Lyapunov cho mot s6 bai toan thuc té
trong diéu khién may méc, dac biét, bai toan 6n dinh ctia hé diéu khién v6i mot
nhiéu phi tuyén. Céc két qua vé 6n dinh ctia ho c6 dang bat dang thitc ma tran
tuyén tinh va dugc giai "bang tay". Tat nhién, cac két qua nay chi lam dude véi
hé c6 kich ¢ nhé (bac 2 hoic 3).

Nam 1960, Yakubovich, Popov, Kalman va nhiéu nha khoa hoc khac dua ra
mot cach tiép can khac trong viéc gidi cac LMI, phuong phap hinh hoc. Ki thuat
nay cho phép giai cac hé co kich ¢ 16n hon, tuy nhién cling chi lam dugc v6i hé
khong c6 nhiéu hon mot nhiéu phi tuyén. Cudi nhitng nam 1960, cac nha khoa
hoc nhan thay cac LMI tuong tur c6 thé duge giai thong qua phuong trinh vi
phan Ricatti.

Vao dau nam 1980, nhi¢u LMI c6 thé gidi dude bang may tinh thong qua bai

toan quy hoach 16i.
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Nam 1984, N. Karmarkar gidi thiéu mot thuat toan quy hoach tuyén tinh
méi, thuat toan diém trong, cho phép giai cac bai toan tuyén tinh véi thoi gian
da thitc. Cac cong trinh ctia dong chil yéu cho cac bai toan toan phuong (161) va
tuyén tinh.

Nam 1993, Gahinet va Nemirovskii da phat trién mot phan mém LMI-Lab
dua trén code FORTRAN, cho phép ngusi st dung miéu ta bai toan LMI dudi
dang ki hieu. LMI-Lab giii quyét bai toan LMI nay duya trén thuat toan phép
chiéu ctia Nemirovskii. Sau d6, nam 1994, El Ghaoui da phét trién mot phan
khac, goi la LMI-tool duge st dung trong Matlab. Mot phién ban khac cua
LMI-tool duge phat trién bsi Nikoukhah va Delebecque.

Ngay nay, véi phan meém Matlab ciing hop cong cu LMI, ching ta cé thé giai
duge cac bai toan LMI mot cach dé dang.

1.5 Mot s6 bo dé bod trg

B6 dé 1.5.1 (Béat déng thitc Cauchy ma tran [63]). Gid st S € R™" la ma
tran doi zing va xdc dinh duong. Khi dé ta cé

20'Qy—y' Sy <2'QS'Q'x,
vdi mor QQ € R™" x y € R™. Ddc biét, khi QQ = 1, ta co
20Ty —y Sy <ax'S 1.

B6 dé 1.5.2 (Bat ding thiic ma tran tich phan [50]). Cho Z € R™™ la ma tran
doi zing va zdc dinh duong, cdc hing s6 0 < h < h sao cho cic tich phan sau
xdc dinh. Khi do, ta co cac danh gid sau:

-
i) [ x(s)" Zx(s)ds > ¢ (tf x(s)ds) Z (tf x(s)ds) .

t—h —h —h
—h ot —h t A

ii) [ [ x(r)" Za(r [ [ x(r)drds [ [ x(r)drds | .
_ptts _ptts _ptts

B6 dé 1.5.3 (Bat ding thitc tich phan Jensen téng quét [55]). Cho R € R™"
la ma tran xdc dinh duong, va ham khd vi ¢ : [a,b] — R". Khi dé, ta c¢é danh

gid sau:

b 1 12
/ Plu) Rp(u)du 23— (p(b) — p(a)) ' R(p(b) — ¢(a)) + =
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b
vdi Q) = 2 (b) ; pla) _ ; i - / o(u)du.

Bo6 dé 1.5.4 (B6 dé Schur [12]). Gid st X11 = X[}, Xoo = Xop, Xo1 = X, la
cdc ma tran cé so chiéu thich hop. Khi dé cdc dieu kién sau la tuong duong

i) X X < 0.
Xo1 —Xo

i) Xoo >0, Xy1 + X12X55' Xo1 < 0.
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Chuong 2

BAI TOAN DAM BAO CHI PHI DIEU KHIEN

Trong chuong nay, ching to6i nghién cttu mot s6 két qua vé bai toan dam bio
gia tri cho mot s6 16p hé phuong trinh vi phan c6 tré bién thién lien tuc dang
khodng (tap gia tri ciia tré 1a doan thang) va khong kha vi thong qua thong tin
phan hoi dau ra: hé phi tuyén, hé khong chiac chan. Noi dung dudc trinh bay
trong chuong nay dua vao bai béo [1] trong danh muc cac cong trinh khoa hoc
cua tac gia.

2.1 Heé phuong trinh vi phan phi tuyén cé tré

bien thién

Xét phuong trinh vi phan phi tuyén c6 tré bién thién trén bién trang thai va
bién quan sat

() = Ajx(t) + Asx(t — h(t)) + Bu(t) + f(t,z(t), z(t — h(t)),u(t)),
Vy(t) = Cix(t) + Cox(t — h(t)), (2.1)

2(t) = ¢(t), te[=hy0]

trong do x(t) € R" 1a véc to trang thai; u(t) € R™ la véc to diéu khién; y(t) € RP
la véc to quan sat; Ay, Ay € R, B € R™™ (1, Cy € RPX™ ]a cac ma tran thirc
cho truée véi s6 chiéu thich hop; ham tré A(t) 1a ham lien tuc théa man dicu
kién

0< hy < h(t) < hs. (2.2)
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Ham diéu kien ban dau ¢(t) € C* ([—hg, 0], R") véi chuan
Ioller = max {611, 911} .
Ham nhiéu phi tuyén théa méan diéu kién tang trudéng dudi tuyén tinh
frt, o opu) f(t,x, op,u) <z E] Byx + 2] By Eyxy, +u' E; Esu, (2.3)

v6i moi t € R, x, 2, € R*, u € R™, Ey, By, E3 1a cic ma tran thuc vé6i sd chiéu
thich hop, va E5 1a ma tran hang cot day du.
Ta xét ham chi phi sau

Jw) = [ gltale). (e~ h(6), ule))dr (2.4)
0
voi g(t, z,y,u) : RT X R” x R"” x R™ — R* 14 ham lién tuc duge cho bdi

lg(t, x, xp,u)| < 2T Qr + o) Qoxy, + u' Ru, (2.5)

trong do Vt € RT,z,x;, € R",u € R™, Q1,Q2 € R™" R € R™*™ ]a cac ma
tran thye, doi xing, xac dinh duwong cho trude.

Muc dich chinh ctia muc nay 1a ta sé tim s6 J* va phan hoi dau ra u(t) =
Fy(t), F € R™? sao cho hé déng

#(t) = (A + BFCY)x(t) + (Ay + BFCy)x(t — h(t))
X Ff(t (), 2t — h(D)), u(t)), (2.6)

z(t) = ¢(), te[=hy0]

\
la on dinh héa va ham chi phi (2.4) thda man diéu kien J(u) < J*.

Dinh nghia 2.1.1. Cho a > 0. Nghiém z = 0 ctia hé (2.1), véi u(t) = 0, dugc
goi 14 a—on dinh mii néu ton tai mot hing s6 8 > 0 sao cho nghiém bat ki
z(t,¢) ctia he théa man diéu kien

| z(t,¢) |< Be Y| ¢||ca, WVt >0.

Dinh nghia 2.1.2. He (2.1) dugc goi 1a a—o6n dinh héa dugc dang mii thong
qua thong tin phan hoi dau ra néu ton tai mot diéu khién nguge thong qua
thong tin phan hoi dau ra u(t) = Fy(t) sao cho nghiem bat ki z(t,¢) clia he
déng (2.6) 1a a—obn dinh mii.
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Dinh nghia 2.1.3. D6i véi he phi tuyén (2.1) vd ham chi phi (2.4), néu ton tai
mot dicu khién nguge thong tin phan hdi dau ra w*(t) va mot hing s6 duong
J* sao cho hé dong (2.6) 14 a—on dinh mii va ham chi phi (2.4) thda man
J(u*) < J*, thi u*(t) dude goi la ham diéu khién dam bao gia tri thong qua
thong tin phan hoi dau ra, va J* dudc goi la gia tri dam bao.

Cho s6 a > 0, cac ma tran doi xing, xac dinh duong P, Uy, Us, S1, So, S3, X1,
X5, X3, N, va ma tran ty do K. Tru6c khi dua ra két qua chinh, ta can mot s6
ki hiéu sau:

)\1 — 6_2a(h1+h2), )\2 — 6—205}7,17 )\3 — 6—205}7/27 )\4 — 2)\%%—1,
As = 20301 Ae = 2\3h1 T, Ay = 2M3R, 1,

As = 205(h) 7 Ao = 203(h3) 1 h = hi + 3,
hy — hy
ho + hy’
R = h1 + ho, A = Anin(P),

)

h=(hy —h1)?, h= — h2 - h,

A = Mnax(P) + i dmax(U1) + hodmax(Us) + 0.5 Anax (S1)
+ 0525 Amax(S2) + (k3 — 1) (ha — h1) Amax(Ss)
/6 e (X2) + S (X) 4 < (2 — ) Aa(X),

01 = Amin(R™1), 62 = Anin((E5 E3)7Y),

I}, = PA, + A P+ U, + Uy + Q1 + 2aP + 2E] By — )\,
— X355 — 22X, — 2X2X, — 202h X5 + BKC,
+C/K"B" —0.5BNBT,

Iy = =AUy — A2S1 — A3S3, 133 = —A3Us — X352 — A3S3,

Iy = h2S) + h2Ss + (hy — h1)%Ss5 + 0.5h2 X + 0.5R2X,
+0.5hX;5 — 2P,

55 = 2B, Ey — 20353 + Q2, Ilgs = —As X1,

77 = =X Xo, g = =My X3.
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H11 )\281 )\332 A]—P PAQ )\6X1 )\7X2 /\5X3
* HQQ 0 0 )\353 0 0 0
* * H33 0 )\353 0 0 0
* * * H44 PAQ 0 0 0
Hl - ’
* * * * 155 0 0 0
* * * * * T4 0 0
* * * * * * I177 0
* * * * * * * Ilgg
PB C{K"—-05BN C{K" C/K" P 0 0
1 0 0 0 0 0 0 O
H2 — X
0 0 0 0 0 0 O
0 0 0 0 0 PB P
CJKT CJKT CJKT
0 0 0
I3 = :
0 0 0
0 0 0
I 0
M= | °
0 H%

Ty — diag( —0.5N, —0.5N, —0.562aN + 02562021, —6,aN + 0.56,a°1,

—I,—0.5N, —I,—0.5N, —0.58aN + 0.258,a21, —8,aN + 0.5(51a2[).

Dinh If sau day dua ra mot dieu kien du cho su ton tai cia mot dieu khien
nguge thong qua thong tin phan hoi dau ra u(t) = Fy(t) dam bao cho hé phuong
trinh vi phan phi tuyén (2.1) 14 a—on dinh héa dudc dang mii va gia tri clia
ham chi phi (2.4) théa man J(u*) < J*.

Dinh li 2.1.4. Cho s6 a > 0, > 0. Xét hé diéu khién phi tuyén cé tré bién
thién trén cd bién trang thdi va bién diéu khién (2.1) vdi ham chi phi (2.4). Gid
sti cac ma tran hé s6 cia hé (2.1) théa man diéu kién: ton tai cac ma tran doi
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xing xdc dinh duong P,Uy,Us, S1, 52,53, X1, X9, X3, N va ma tran K, sao cho
bat dang thic ma tran tuyén tinh sau duge théa man

I, Il
II = < 0. (2.7)
* H3

Khi dé u(t) = N~ 'Ky(t) la ham diéu khién dam bdo chi phi thong qua thong
tin phdn hoi dau ra cho hé (2.1), va gid tri ddm bdo chi phi diéu khién cho hé
(2.1) la:

7 = Al

Ching minh. Xét ham Lyapunov - Krasovskii cho hé (2.1) nhu sau

6

V(t,x) = Z Vi(t, @), (2.8)

i=1

trong do
Vi(t,zp) =2 (t)Pa(t),

t t
Vol(t, xt) :/ 206D T (U () ds +/ 220y T (5)Uszr(s)ds,
t—h1 t

—hs

Vs(t, ) hl/ / =057 (1)Syi(7)drds
hi1 Jt+s
—l—h2/ / =537 (1)Soi(7)drds,
hg t+s
Vi(t, ) =(ha — ) / / (-
0 0 gt
Vs (t, xt) :/ / / 253 T (D) X1 & (7)drdsdf
—h1 t+s
/ / / 4= T (1) Xoi () drdsdo,
ho t+s
Vo(t, ) :/ / / 2+ 3T (1) Xy () drdsds.
—ho 6 t+s

Ta dé dang chiing minh dugc

DiT(7)Ssi(7)drds,

Mz < V(t,2r) < Allwl®, t € RT. (2.9)
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Lay dao ham ctia V;(t,z;), i = 1,...,6 theo ¢ doc theo nghiem ctia he dong
(2.6), ta dugc

Vi(t, @) = 22" (t)Px(t)
=2z (t)(A] + C{ FTB")Px(t)
+ 22" (t — h(t))(Ay + CS FTBNYPx(t) + 2f T (t, z, 21, u) Pz(t)
<z'(t)(PA, + Al P)x(t) + 2" (t)PBN B Px(t)
+ 2" (t)C FTNFC2(t) + 22" (t)PAsx(t — h(t))
+ 2" (t)PBN'BTPx(t) + 2" (t — h(t))Cy FTNFCyx(t — h(t))
+ 2T (1) PPx(t) + f1(t,x, xp,u) f(t, z, 2h, 1)
<z (1) (PA1 + AP +2PBN"'BTP + C] FTNFC, + PP
v BB 20 FTE] E3F01) z(t)
+ 22" (t)PAsx(t — h(t))
+ 2T (t — h(t)) (C;FTNFCQ + E, E,
+ 20 FTE] EgFCg):Iz(t — (b)),
Va(t, ) = T (£) (UL + Up)z(t) — e 2™z T (t — hy)Ura(t — hy)
— e 20h2 0 T (1 — hy)Upa(t — hg) — 2a V3,

Va(t,xy) = h2a " () S1i(t) + haid ' (t)Sqi(t)

0
— / i (t+ 8)S14(t + s)ds
0
- hg/ i1 (t + 8)Sai(t + s)ds — 2aV3
_h2

< @'(t) (hiS1 + h3S2) i(t) — z' () (A2S1 + A3S2) 2(2)
-+ 2)\2$T<t)51$(t - hl) - )\QIT(t - h1>51$(t - hl)

+ 2)\3$T<t)52x(t — hz) — )\3$T(t — hz)Sgl‘(t — hz) —2aVs,
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Vi(t,z) = (hy — h1)%2 " () Ssa(t) — 2aV4

_hl
— (ha — h1) / e T (t + 5)Sai(t 4 s)ds
—ho

< (hg — 1)@ " () Ssi(t) — 22V,

t—h1
— (hg — hy)e 22 / " (5)Ss52(s)ds
¢

—ho
S (hg - hl)Qi‘T(t)Sgi(lf) — 2@‘/21
t—h(t)

— (hy — hy)e oMz / @' (5)S3i(s)ds
t—ho
t—h1

— (hy — hy)e oMz / " (5)S3i(s)ds
t—h(t)

< (hg — hy)2%2 " (1) S5 (t) — 2e7 22T (t — h(t))Ssa(t — h(t))
“20h2g Tt — hy)Ssa(t — ha)
— e 2h2g T (t — hy) Sy (t — ho)
+ 20720020 T (¢t — B(1))Ssa(t — hy)
+ 2e7 22T (t — h(t))Ssa(t — hy) — 24V,
0 0
Vs(t,xy) = 0.5 (£)h2 X &(t) / / 23 T (1) X &(t)dsdf
—h
+0.52 " (t)haXod(t) — 22V
0 0 s T .
_ /_h2 /9 e* ¥z’ (t + s) Xox(t + s)dsdf

< @'(t) (0.5 X1 + 0.5h3X5) &(t) — 2aVs

et / / $)X14(s)dsdf
h1 Jt+6

e~ dahs / / ) Xoi:(s)dsdf
ho Jt+6

< @'(t) (0.5h7X1 + 0.5h3X5) &(t) — 2aVs

2
2>\ </ / dsd@) Xl/ / s)dsdf
hi Jt+0 h1 Jt+0
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2
2)\ (/ / dsde) Xz/ / s)dsdb
ha Jt+0 ha Jt+0

< @'(t) (0.5 X1 + 0.5h3X5) &(t) — 2aVs

— (1) (2A3X1 + 203X5) z(t)
T

203 ([ [! t

-2 ( / x<9)d9> X, / z(0)do
hi \Ji-n t—ha
4N3 t

- il z' (1) X, 2" (0)db

hl t—h1

202 t
_2 ( / x(&)d&)
h2 t—ho

2

4 t
+ A x'(t )XQ/ z ' (60)db,
t—ho

T

t
X / +(0)d0
t—ho

Vs(t,z) = / /‘MT ) X3 (t)dsdf

/ / s 1T (t 4+ ) X3 (t 4 s)dsdf — 2V

/\

@' (t)X32(t) — 2V

e dahz / / $) X3:(s)dsdf
t+0

< 0.5hd " (8) X3i(t) — 20V

-2 (/ /t; 56(8)de9> T s /:1 /tje s

< 0.5ha " () X32(t) — 222ha T (£) X3z (t) — 2aVy
t—h1
+ 4Nt T (1) X / z " (6)dd

t—ho

R t—h1 0 t—h1
—2\3p71 ( / x(e)d9> X3 / z(0)dh.
t—ho t—ho
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Nhan ca hai vé ctia phuong trinh (2.1) véi 227 (¢) P, ta c6
— 24" (t)Pa(t) 4 23" (t)P(A; + BFCY)x(t)
+ 2" (t)P(Ay + BFCy)x(t — h(t))
+2& " () Pf(t,z,zp,u) =0
do do6
0<a'(t)(—2P+2PBN"'B'P + PP)i(t)
+2& T (1) PAz(t) + 22T (t)PAya(t — h(t))
+a'(t) (Cf FTNFCy + E| Ey + 2C] F'E{ EsFCy) x(t)
vl (t— h(t) (C; FTNFCy+ E] By

+2CJFTE] EgFCg)a:(t ~ (b)) (2.10)
Tit bat dang thitc (2.10) va sit dung didu kien (2.5), ta c6

V(t,z) +2aV (t,x) <z’ (t) <PA1 + AP+ U, + Uy + Q1 + 2P
+2B] By — MaSp — A3Sy — 203X, — 2X2X, — 202K X5
+2PBN'BTP +2C0] FTNFC, +4C| FTE] E3FCy
+ 20T FTRFC, + PP)x(t)

+ 2T (t — hy) (=AU — XoS1 — A3S3) 2(t — hy)

+ 2 (t — hy) (=\3Us — A3Sy — A\3S3) x(t — hy)

il (1) (h%Sl + 1285 + (ha — h1)2Ss + 052X, + 052X,
+0.5hX3 — 2P+ 2PBN"'BTP + PP):'U(t)

ol (t— h(t)) <2E§ By — 20385 + Qs + 20] FTNFC,

L AC) FTE] BsFCy + 207 FTRFCQ) 2(t — h(t))
t T t

~ s < /thlx(e)de) X, /thlaz(@)dQ
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t T t
t— hQ t—h2
t h1 t—h1
DY ( 0)do X 2(0)d0
t—ho t ha

+ 2.CL‘ ( )PAQ.CU h(t + 2)\25[) ( )Sll‘(t — hl)
+ 2)\3$T(t)52$(t — hg) + 2)\31’T<t — h(t))Sgl’(t — hl)

+ 232" (t — h(t))Ssx(t — hy) + 2Xez " (1) X / t z(0)db

t
+ 222" ()Xo / z(0)db
t—ho

t—h1
+ 257" () X3 / z(0)db

t—ho

+ 22" (t)PAyx(t) + 22T (1) P Az (t — h(t))
— lg(t, z(t), x(t — h(t)), u(t))].

Dt ¢T(t) = [mT(t), e (t— )2 (t—ho), " (1), 2" (t — h(t)),

=
[

t t t—h1
/ =7 (8)do, / =7 (8)do, / xT(e)de} ,
t—h1 t—ho t—ho

Wit MS1 A3Sy ATP PAy XXi MXo AsXs

« W 0 0 AS; 0 0 0

« o« Wi 0 XS 0 0 0

« % % Wy PAy 0 0 0

* * * * W55 0 0 0 7
* * * * * W% 0 0

* * * * * * WW 0

* * * * * * * ng
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vl
Wi =PA + AP+ U, + Uy + Qy + 2aP + 2E] E; — M5,
— X3Sy — 202X — 22X, — 2)\2h X5
+2PBN'BTP +20] FTNFC,
+4C| FTE] E3FC, +2C] FTRFC, + PP,
Wag = =AUy — XSt — A3Ss, Wag = —A3Us — X355 — A3S3,
Was = h2S1 + h2Ss + (hy — h1)%Ss + 0.5h2 X1 + 0.5h3X,
+0.5hX5 — 2P + 2PBN"'BTP + PP,
Was = 2E, By — 20355 + Q2 + 2C) F T NFC,
+4C) FTEJ E3FCy + 20, FTRFCs,
Wes = —Ae X1, Wirg = —Ag X, Weg = — Ay X
Ta thu dugce
V(t,20) + 20V (8 20) < CTOWCE) — gt z(t), x(t — h(t)), u(t)] . (2.11)

Ta sé chiing minh bét déng thic ma tran W < 0 tuong duong véi diéu kien (2.7)
duge théa man. Bang cach sit dung B6 dé Schur cho cac thanh phan phi tuyén
Wn, W44, W55, khi do6 dieu kien W <0 tuong duong vdéi dieu kien

Wy Ws

W = <0,
x  Ws
trong do

(Wi XSt AsSs ATP PAs AXi AXa AsXs]
x Wy 0 0 XS5 0 0 0
x o+« Wi 0 MNS3 0 0 0

W, — * * * Wu PAs 0 0 0 |

* * * * Ws 0 0 0
* * * * * Wﬁ(j 0 0
* * * * * * WW 0
* * * * * * * ng




CyFT CJFT CJFT
Wy 0 ) 0 0 0
W2: ) W2: )
0 W? 0 0 0
0 0 0
PB C{F" C{F" CJ/FT P 0 0
. 0 0 0 0O 0 0 0
sz 5
0 0 0 0O 0 0 0
0 0 0 0O 0 PB P

Wy — diag( — 05N, —05N"Y, —0.25(E] B)~', —0.5R™1, — 1,
05N, —1,—0.5N"L, —0.25(E] Bs)~!, —0.531),
v6il
Wi = PA + A P4+ U 4+ Uy + Q1 4 2aP + 2E] E; — X251 — \3Ss
—2NIX — 2A2X, — 2A2h X,
Wis = 381 + h3Ss + (ha — hy)2S5 + 0.513 X + 0.5h3 X, + 0.5hX5 — 2P,

Wss = 2By By — 2355 + Q.

Xac dinh ma tran A nhu sau

([, 0 BN O O 0 0 0 0]
0 Imm O 0 0 0O 0 0 0
0 0 N 00 0O 00 0
0 0 0 NO 0 00 0
A=|lo o o0 0N 0O 00 0
0 0 0 0 0 Iym 0 0 0
0 0 0 00 0O N O 0
0 0 0 00 0 0N O
0 0 0 00 0 00 N|

o
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Do ma tran A 1a chinh quy, ta c6 Q = AWAT < 0, vé6i

0 Q
Q= b <0,
% Qg

Q1 XSt A3Sy A[ P PAy X1 MXa AsX3

« Wy 0 0 AS; 0 0 0
* * /Wvgg 0 )\3S3 0 0 0
* * k W44 PA2 0 0 0
0 = ,
* * * x  Wis 0 0 0
* * * * * /WGG 0 0
* * * * * * WW 0
* * * * * x * ng
Qb0
Q="
0 Q3
PB C/F'N—-05BN C{F'N C/{F'N P 0 0
) 0 0 0 0 0O 0 O
Qz — ;
0 0 0 0 0O 0 O
0 0 0 0 0 PB P

C;F'N CJF'N CJF'N

) 0 0 0
Q2: 5
0 0 0
0 0 0

Q4 — diag( — 0.5N, —0.5N, —0.25N(E4 B3)"'N, —0.5NR™N, —1,
— 05N, —I,—0.5N, —0.25N(EJ B3)"'N, —0.5NR—1N),
Qi =PA + A P4+ U+ Uy + Q1+ 2aP + 2E] E; — X251 — A35,
—2N3X — 2A2X, — 2M2h X,

+BNFC,+C]F'NBT —05BNB".
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Dit FTN =K', dod6 F=N"'K. Tit —=(N —al)®> <0, ta c6
—N? < —2aN +d?I.
Mat khac, ta c¢o
NR7IN > Auin(RYHYN? v N(E E3) "N > A ((E5 E3) 1N
Do do, ta thu dugc
—05NRIN < —§1aN + 0.56,6°1,

va
—0.25N(E4 B3)™'N < —0.562aN + 0.2565a°1,

V6i 01 = Amin(R7Y), 02 = A ((E5 E3)71). Do d6 diéu kien Q < 0 tuong duong
VOl
I, II
m=| ' | <o
* H3

Chinh vi vay, néu bat dang thiic ma tran tuyén tinh (2.7) théa méan, hay IT < 0,
thi W < 0 va tit bat dang thic (2.11) ta thu duge

V(t,z(t) 4+ 2V (t,z(t)) < 0,
hay tuong duong
V(t,z(t)) < V(0,2(0))e ", vteRY.
Két hop véi diéu kién (2.9), ta ¢6
Ml (t, @)1 < V(t (1) < V(0,2(0)e " < Ae™*[0]1¢n,

do d6 nghiem x(t, ¢) bat ki ctia hé (2.1) théa man danh gia

A —Q
lz(t &) < \f e el V=0,
diéu nay chiing t6 he déng 1a a—on dinh. Mit khac, tit (2.11) ta thu dugc

Vit xe) < =gt x(t), x(t = h(t)), u(t))] .

Lay tich phan hai vé ctia bat dang thiic trén tit 0 dén s, v cho s — 0o ta ¢
| lottnte)ate = o), ule))] dt < V(0. 0) = Al =
0
Dinh Ii dugc chiing minh hoan toan. ]
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Nhan xét 2.1.5. Dinh 1i 2.1.4 cung cap cho ta diéu kien du dé thiét ké dieu
khién nguge thong qua thong tin phan hoi dau ra cho hé (2.1) dudi dang céc
bat dang thiic ma tran tuyén tinh (LMIs), dé he déng 1a a—o6n dinh mi. Cha y
rang, ham tré bién thién 1a khong kha vi, do d6, cac phuong phép st dung trong
34, 36, 51, 52] 1a khong stt dung duge cho he (2.1). Tinh tuong thich ciia dieu
kien dang LMIs c¢6 thé kiém tra bing hop cong cu LMIs Toolbox trong Matlab
(xem [18]).

Nhan xét 2.1.6. Theo hiéu biét ctia chiing toi thi cdc nghién ctu vé bai toan
dam béo gia tri diéu khién méi chi nghién citu cho hé tuyén tinh cé tré hing, he
tuyén tinh tré bién thieén (tré hon hgp), va c6 rat it cac nghién citu vé bai toan
dam bao gia tri dieu khién cho hé phi tuyén véi tré bién thien xuit hién trén ca
ham trang thai va ham quan sat.

Cac kho khan khi nghién ctu bai toan la:

e Ham tré dang khoang, khong kha vi, va ham tré xuat hién & cd ham trang
thai va ham quan sat.

e Heé diéu khién phi tuyén.

e Xét bai toan dam bao gia tri didu khién cho hé diéu khién thong qua thong
tin phan hoi dau ra.
Sau day ching toi dua ra mot vi du s6 minh hoa cho Dinh 1i 2.1.4.

Vi du 2.1.7. Xét he diéu khién cé tré bién thién trén bién trang thai va bién

quan sat (2.1), trong dé

1 0 —1.8 0.5 0.1 —1.2
Al - ) AZ - ) B = )
0.2 —26 0 2 2 1.5
T T
0.1 —0.01 0.00001 0
C = , O = , By =
—0.5 0.03 0 0.00005
0.00002 0 0.00001 0
E2 = ) E3 -
0 0.00003 0 0.00002
0.05 1 0.001 0.1 0.0005 0
Ql = ) QQ = ) R=
1 0.0001 0.1 0.0004 0 0.001
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v6i
0.1+ 0.3sin?(t), te€ | (2km, (2k + 1))
h(t) — keN

0.1, t¢ U 2k, (2k + 1)7)
keN

Chii ¥ rdng ham tré A(t) 14 ham khong kha vi, do d6, cac tiéu chuan dugc dé
xuat trong céc cong trinh [34, 36, 51, 52] 1a khong ap dung duge cho 16p hé xét
trong cong trinh nay. Cho o = 0.2, a = 107 v& hy = 0.1, hy = 0.4, st dung hop
cong cu bat ding thic ma tran tuyén tinh trong MATLAB, ta tim dugc mot
nghiém ctia bat ding thitc ma tran (2.7) trong Dinh 1i 2.1.4 1

0.2347 —0.0094 I 0.7960 —0.0444

—0.0094 0.1183 —0.0444  0.2523
2.1737 —0.2410 3.4701 —0.3213
U2 = ) Sl = )
—0.2410 1.0626 —0.3213  1.5690
0.0533 —0.0021 1.2527 —0.1105
SQ = s S3 = ’
—0.0021 0.0169 —0.1105 0.6195
11.2057 1.6228 x 0.1667 —0.0077
1= ) 2 —
1.6228 4.8976 —0.0077  0.0495

0.1777  —0.0082 N 5.8793 1.8706

~0.0082 00528 | 1.8706 6.2676
L, |-0.8202 . |-0.1268
K =107« , F=10"x
—0.4877 —~0.0400

Do d6, he diéu khién (2.1) 14 0.2—6n dinh héa duge dang mii dudi sy tac dong
ctia bo diéu khién thong tin phan hoi dau ra cho hé duge xéc dinh béi cong thiic
A —0.1268 0.6339 0.1268 —0.3803

u(t) =10~ z(t) +107° x(t — h(t)).
—0.0400 0.1999 0.0400 —0.1199

Ngoai ra, ta c6 nghiém bat ki x(¢, ¢) clia he¢ dong théa man danh gia sau
la(t, 6)]) < 328680 gl|en, Wt >0,
va gid tri ddm bdo chi phi diéu khién cho he diéu khién (2.1) la:
J* = 1.2701|8]|%:.
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—
—_— = x2

0 B N W A o o
T T T T

Hinh 2.1: Quy dao cta x1(t) va zo(t)
2.2 Heé phuong trinh vi phan tuyén tinh khéng

chic chan
Xét hé phuong trinh diéu khién tuyén tinh khong chic chin c6 tré bién thien
i(t) = (Ar+ LiMi(t)Hr) z(t) + (A2 + Lo Ma(t) Hz) x(t — h(t))
) + (B + L3 Ms(t)Hs) u(l), (2.12)
y(t) = Cra(t) + Cax(t — h(t)),
)=o), 1€ a0,

trong do x(t) € R" 1a véc to trang thai; u(t) € R™ la véc to diéu khién; y(t) € RP
la véc to quan sat; Ay, As, Ly, Lo, L3, Hy, Hy, € R™" B, Hy € R™™ (C,(Cy €
RP*™ 13 cidc ma tran thuc cho trude véi sé chieu thich hop; Hs 1a ma tran hang
cot day du, va My (t), Ms(t), M3(t) 1a cac ma tran phu thuoc thoi gian thoa man

M (OM;(t) <I, i=1,2,3. (2.13)

(3

ham tré h(t) 1a ham lién tuc thoa man diéu kién (2.2).

Ta xét ham chi phi sau

J(u) = /000 g(t,x(t), z(t — h(t)),u(t))dt, (2.14)



vl g(t, x,y,u) : RT x R" X R” x R™ — R* 1a ham lién tuc duge cho bdi
lg(t, 2, u)| < 2" Qi + x) Qoxy, +u' Ru, (2.15)

trong do Vt € RT,z,x;, € R",u € R™, Q1,Q2 € R™" R € R™™ ]a cac ma
tran thuc, doi xting, xac dinh duong cho trude.
Muc dich chinh ctia muc nay 1a ta sé tim s6 J* va phan hoi dau ra u(t) =
Fy(t), F € R™? sao cho hé déng
I(t) = (A1 —|—L1M1(t)H1 —|—BF01 +L3M3(t)H3FCl) I(t)
+ (A2 + LQMQ(t)HQ + BFC5 + LgMg(t)Hchl) [L‘(t — h(t)),

z(t) = ¢(t), te[=hy0]

\

(2.16)
14 on dinh héa va ham chi phf (2.4) théa man diéu kien J(u) < J*.
Xét he didu khién (2.1) véi nhidu phi tuyén f(¢,x(t), z(t — h(t)),u(t)) chia
cac tham s6 khong chic chian c6 dang

F(t,2(t), 2(t—h(t)), u(t)) = AA ()2 (t)+ AAs(t)x(t—h(t)) + AB(t)u(t), (2.17)

Vo AAL(D) = LMy () Hy, AAs(t) = LoMo(t)Hs, AB(t) = LsMs(t)Hs, va
L1, Lo, L3, Hy,Ho, H3 13 cic ma tran thuc cho truée vé6i s6 chiéu thich hop, Hs 1a
ma tran hang cot day du, va My (t), My (t), M3(t) 1a cac ma tran phu thuoc thoi
gian thoa man (3.8). Ching ta bién ddi he diéu khién (2.1) vé he (2.12). Sau
dé6 ching ta st dung phuong phap ham Lyapunov-Krasovskii nhu trong Dinh
Ii 2.1.4, chiing ta thu dugc diéu kien 6n dinh mii cho hé diéu khién khong chic
chdn (2.12) thong qua thong tin phan hoi dau ra nhu trong He qua 2.2.1.

Cho s6 a > 0, cac ma tran doi xiing, xac dinh dwong P, Uy, Us, S, Sa, S3, X1,
X5, X3, N, va ma tran tu do K. Trude khi dua ra két qua chinh, ta can mot so
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ki hiéu sau:

03 = Amin((H3 H3) ™),
Iy, =PA + AP+ U +Uy+ Q1+ 2aP + 2H] H — \S1 — \355
— 202X, — 202X, — 202h X3+ BKC, + C/ K'BT —0.5BNB',
Igo = =AU — A2S1 — A353,I'33 = —A3Uz — A352 — A3S3,
Tys = h2S) + h3Sy + (hy — hy)2Ss + 0.5k2 X, 4 0.5h3 X, + 0.5hX3 — 2P,
Ts5 = 2H, Hy — 2X355 + Q2, T'os = —As X1, 77 = — Ao X,

Igs = M\ X3,100=C/ K" —0.5BN.

Ly XSt A3Sy A[P PAy X1 MXo X3

S FQQ O 0 )\353 O 0 0
S x F33 0 )\353 0 0 0
* * * F44 PAQ 0 0 0
F1 - >
* * * * I'ss 0 0 0
* * * * * [ss 0 0
* * * * * * I'77 0
* * * * * * * I'ss

Iy = [}, T3], 6 do

PB T C/KT C/KT PL, PL, PLs

0 0 0 0 0 0 0

0 0 0 0 0 0 0
1 0 0 0 0 0 0 0
F].: 5

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0
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0o 0 0 0 0 0 0

0o 0 0 0 0 0 0

0o 0 0 0 0 0 0
P PB PL, PL, PLy 0 0 0 |

0 0 0 0 C/K' CJKT CJKT

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

Ty — diag( —0.5N, —0.5N, 3N + 0.503021, —6,aN + 0.58,a21,
—I,—1,—0.5I,—0.5N, —I,—1,—0.5I, —0.5N, —63aN
4 0.505021, —0,aN + 0.551a2]) .

Hé qua 2.2.1. Cho s6 a > 0, > 0. Xét hé diéu khién tuyén tinh khong chdic
chan (2.12) vdi ham chi phi (2.4). Gid st cac ma tran hé so cia hé (2.12) théa
man diéu kién: ton tai cic ma tran doi xing zdc dinh duong P, Uy, Us, S1, S, S, X1,
Xs, X3, N va ma tran K, sao cho bat dang thic ma tran tuyén tinh sau duoc
thoa man

N

r— <0. (2.18)

x I3
Khi dé u(t) = N~ 'Ky(t) la ham diéu khién dam bdo chi phi thong qua thong
tin phdn hoi dau ra cho hé (2.12), va gid tri ddm bdo chi phi diéu khién cho hé
(2.12) la

7 = Al

Sau day ching t6i dua ra mot vi du s6 minh hoa cho Heé qua 2.2.1.

Vi du 2.2.2. Xét hé dicu khién tuyén tinh khong chic chin cé tré bién thién
trén bién trang thai va bién quan sat (2.12), trong do6

1.5 0.1 —-1.6 0 0.2 —0.1
1= ) A2 = ) B = ’
0 -—1.5 0.1 1.8 0.5 1
T T
1 —0.1 0.001 1
Cl = ) 02 = ’ Ll =
—0.8 0.5 0.1 0.0002
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0.002 0 0.002 0.1

2 = ) L3 -
0.3 0.005 0 0.03
0.001 1 0.002 0.1 0.01 0
1= 5 H2 — ) H3 -
0.1 0.02 0.2 0.06 0 0.003
0.01 1 0.001 1 0.005 0
Ql = ) QQ = ) R =
1 0.002 1 0.004 0 0.001

Cho o =0.2, a =105 h; = 0.1, hy = 0.4, va st dung hop cong cu bat déng
thiic ma tran tuyén tinh trong MATLAB, ta tim dugc mot nghiém ciia bat dang
thic ma tran (3.3) trong Dinh 1i 2.2.1 la:

0.3892 0.1406 0.8648 0.9289
= ) 1= )
0.1406 4.2994 0.9289 17.2363
2.7941 0.6740 s 5.1839 0.1788
2 = ) 1= )
0.6740 21.3270 0.1788 63.7443
0.0853 —0.0070 g 1.9838 0.8964
—0.0070 1.5270 0.8964 23.6742
20.1463 5.0446 x 0.2082 0.0334
1= 5 2 =
5.0446 71.5662 0.0334 4.4634
0.2212 0.0357 3 4.1222 —0.2832
X3 - ’ N =107 )
0.0357 4.7579 —0.2832 3.7031
—0.0006 —0.1663
K= , F=10"%%
—0.0011 —0.2993

Do d6, he (2.12) 14 0.2 - on dinh héa dusi dang mii va ham diéu khién phan hoi
dau ra cho hé duge xac dinh bdi cong thiic

¢ | —0.1663 0.1330 _¢ |0-0166 —0.0832
u(t) =10 x(t) + 10 z(t — h(t)).
—0.2993 0.2395 0.0299 —0.1497
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Ngoai ra, ta c6 nghiém bat ki x(t, ¢) clia he¢ dong théa man danh gid sau
lz(t, @) < 6.4140e™**||@l|ca, ¥t >0,
va gid tri ddm bao chi phi diéu khién cho hé diéu khién (2.12) la:

J* = 15.8027||¢|| 2.

2.3 Két luan Chuong 2

Chuong 2 trinh bay két qua nghién citu bai toan ddm bao gia tri téi uu cho
mot s6 16p he phuong trinh vi phan c6 tré bién thién lien tuc dang khodng. Két
qua dat dugc nhu sau:

e Thiét lap diéu kien du dé thiét ké ham diéu khién phan hdi dau ra cho 16p
hé phuong trinh vi phan c¢6 tré bién thién lién tuc dang khoang (Dinh 1i
2.1.4).

e Ap dung giai bai toan dam bao gia tri didu khién cho 16p he didu khién
tuyén tinh khong chic chan tré bién thien (He qua 2.2.1).

43



Chuong 3

BAI TOAN DIEU KHIEN H. TRONG THOI GIAN
HUU HAN

Trong chuong nay, ching téi nghién citu bai toan dieu khién H,, trong thoi
gian hitu han ctia mot 16p he diéu khién phi tuyén c6 nhiéu bi chan va tré
bién thién lién tuc dang khoang thong qua thong tin phan hoi dau ra. Dya vao
phuong phéap ham Lyapunov-Krasovskii, bat dang thic tich phan Jensen méd
rong va cac bat dang thic ma tran tuyén tinh, ching t6i xay dung dugc luat
diéu khién nguge thong qua thong tin phan hoi dau ra nhiam dam bao cho tinh
on dinh ctia hé dong trong thoi gian hitu han. Céac két qua chinh trong chuong
nay dua vao bai béo [2] trong danh muc céc cong trinh khoa hoc cua téc gia.

3.1 Heé phuong trinh vi phan phi tuyén cé nhiéu
bi chin va tré bién thién
Xét phuong trinh diéu khién phi tuyén cé tré bién thién trén bién trang thai
(j:(t) = Ayz(t) + Asx(t — h(t)) + Bu(t) + Guw(t)
+f (& x(t), x(t = h(t)), u(t), w(t)),
2(t) = Crx(t) + Cox(t — h(t)), t >0,

2(t) = (1), t € [=hy,0],

\

trong d6 z(t) € R™, u(t) € R™, 2(t) € RP lan lugt 1a cac ham trang thai, ham diéu
khién, va ham quan sat dau ra; A;, Ay € R™" B € R™™ G € R (C,,C, €
RP*™ 13 cac ma tran thuc cho trude véi sd chiéu thich hop.
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Ham tré A : RT™ — R™ 14 ham lién tuc va thoa man
0<hi <h(t) < hyy, Vt>0, (3.2)

trong d6 hy, he 12 hai hing s6 cho trude. Ham diéu kién ban dau ¢ € C! ([—hs, 0], R?)
va ham nhiéu w(t) 1a ham lién tuc théa man

/Twufw@Mtgd. (3.3)
0

Ham phi tuyén f(¢, z,y,u,w) théa man diéu kién tang trudng dudi tuyén tinh,
tiic 1a ton tai cic s6 thuc khong am ay, as, as, a4 sao cho véi moi z,y € R, u €
R™ w e R", ta co

IFII* < axllzl® + azllyl® + as]lull* + aallw]*. (3-4)

Ngoai ra, ham f(¢,z,y,u,w) 1a lién tuc theo ¢ va Lipschitz dia phuong theo
(7, y,u,w). Dudi gia thiét vé ham tré h(-), f(-) va ham gia tri ban dau ¢(t), he
(2.1) ton tai va duy nhat nghiem xac dinh trén [0, +00).

Dinh nghia 3.1.1 (On dinh trong thoi gian httu han). Cho cac s6 duong
T, c1,c2,09 > c¢1, va ma tran xac dinh duong R. Hé phuong trinh (3.1) duge
goi 14 on dinh trong thoi gian hitu han (FTS) tuong tng véi (ci,co, T, R), néu
ton tai mot diéu khién nguge thong tin phan hoi dau ra u(t) = Fz(t) sao cho
diéu kién sau thoa man véi moi nhiéu thoa méan (3.3) véi moi ¢ € [0, T

max{ sup  (s) Rp(s), sup gb(s)TRgb(s)} < e = 2(t) " Ra(t) < .

—h2<s<0 —h2<s<0

Dinh nghia 3.1.2 (Diéu khién H,, trong thai gian hitu han). Cho T' > 0, > 0.
Bai toan diéu khién H,, trong thoi gian hitu han cho hé (3.1) ¢6 nghiem néu

(i) He (3.1) 1a 6n dinh trong thoi gian hitu han tuong tng véi (c1, co, T, R).

(ii) Ton tai mot s6 ¢y > 0 sao cho

T
Jo llz(®)]*dt
T _—
collpllen + Jo llw(®)]>d

(3.5)

trong d6 supremum chay trén ¢ € C*([—hsg,0], R") va nhidu w(.) théa man
(3.3).
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Trude khi gi6i thieu mot dieu kien da cho su ton tai ctia diéu khien H,o cho
he (3.1), chung toi st dung mot s6 ki hiéu sau

P = RV2PRY2 T, = RMV2U,RV2. T, = RV2U,RY2, X = RV2X, RY/2,
X, = RV2X,RY2. 5 — RV2SRY2,
a1 = Amin(P), 02 = Amax(P) + Pt Amax(U1) + Ao Amax(Uz) + 0.57F Amax (X1)
4+ 0.5h3 A max (X2) + 0.5(hg — h1)?(ha + h1) Amax(S),
a3 = Amax(P) + hidmax (U1) + hodmax (U2) + 0557 Amax(X1) + 0.575 Aax (X2)
+0.5(hg — h1)?(ha + h1) Amax(S2), U= (T)11xa1, V2 = (¥F))ex11,
1

1 1 1
U3 = diag <—0.5N, —05N,——N+—1I,——N+—1,-05N, —0.5N) ,
as as as 2&3

Ul =PA+A/P+TU +TU; + a1l +nC] C, —4X, — 4X5 + BKC,
+C/K"B" —0.5BNB',

Uhy = —U; — 4X] — 45, Ul = —Usy — 4X, — 45,

Wl = —85 + apl +1Cy Co, Wk = h2XT 4+ h3X5 + (ho — h1)%S — 20,

Wi = asl —ynl, Ui, = —I Vg = —12X7,

‘1’59 = _12E7 ‘Ho,w = ‘I’}Ln = —12§;

Ul = 92X, Ul = 20X, WL, = PA, + 0] Cy, Ul = ATQ,

\IJ%G = FG» ‘1’17 = F ‘I’%g = ‘I’%s = 6Y1» \I’%g = ‘Ifég = 6?2,

‘I’%AL = ‘1%4 = _23 ‘1’1115 = AQTQa ‘I’%f; = QG,

‘I’%,u = ‘I’%,w = \IJ}L,IO = ‘Ijzll,n = 65» qjé? = Q,

va \If}j = 0 trong truong hop con lai,

U2 =PB, V3, =C/ K" —05BN, V%, =C/ K", 2 =V%i =C, K",

\1126 =Q@B, \Il?j = 0 trong trucong hgp con lai.

Dinh If sau cho ta mot diéu kién du cho su ton tai mot bo diéu khién thong qua
thong tin phan hoi dau ra ctia he diéu khién (3.1) véi tré bién thien.

46



Dinh 1i 3.1.3. Cho T,ci,co > 0 va ma tran zdc dinh duong R. Bai toan dieu
khién Hs trong thoi gian hiu han thong qua thong tin phdn hoi dau ra cho hé
(3.1) 6 nghiém néu ton tai s6 duong n, va cdc ma tran doi xing zdc dinh duong
P U, Uy, X1, X5,S, N v cic ma tran Q, K sao cho bat diang thic ma tran tuyén
tinh sau thoa man

Ul 2

U = < 0, (3.6)
x 3

et +nd < aqese M (3.7)

Khi dé ham diéu khién ngudc thong qua thong tin phdn hoi dau ra dude zdc dinh:
u(t) = N"1Kz(t), t > 0.

Chitng minh. Xét ham Lyapunov - Krasovskii cho hé diéu khién (3.1) nhu sau

4

V(t,z) = Z Vi(t, ),

trong do

Va(t, ) zzem / i .x(s)TEx@ds,
Vs(t, ) Zhe”t/ / 7) " X;i(r)drds,

Dé& dang kiém tra dugc

oaqx(t) ' Rx(t) < V(t,zy), Vt:0<t <T, (3.8)
V(0,z9) < ag _hsg)<O {x(s)TRx(s), :t(s)TR:t(s)} < agey, (3.9)
V(O’ 930) < O‘3H§0H2’ (3'10)

Lay dao ham cta V;(t,z;), i = 1,...,4 theo ¢ doc theo nghiém ctia he dong
(3.1), ta dugc

Vi(t,z) <nVi
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+ et (:E(t)T (PA, + A[ P+ 2PBN"'BTP + C/ FTNFC,) (1)
+ 2x(t) T PGw(t) + z(t — h(t))"Cy FTNFCox(t — h(t))
420 () TP Azt — h(t)) + 20(t) TPF(t, @, w)),

Valt, ) =nVa + €™ (x(t)T(Fl +TR)a(t) — a(t — ha) TTha(t — h)

—a(t — ho) " Ta(t — hg)),

Va(t, ) :nvg+emf( ()T (h2X, + h2X5)i( Zh / (5)T Xy (s )ds).

Ap dung B6 dé 1.5.3, ta c6

—h; /t i(s) ' Xia(s)ds < —dx(t) Xja(t) — 4a(t — hy) " Xga(t — hy)
t—h

— 4z ()" X (t — hy) + h—:c(t)TXi x(s)ds
i t—hs
12 — [
+ Za(t —hi) ' X, x(s)ds
hi t—h;

t

12 [ S
- — z(s) dsX; x(s)ds.
t—h;

2
hz' t—h;

Do do
Va(t ) <nVs + e (a(0)T (X7 + W3Xa)a(t) + 2(t) T (~4%X1 - 4Xz)a(t)
— 4:[)(t — hl)TEl’(t — hl) — 4I(t — hQ)TYQI(t — hg)

— 4x(t)T71:1:(t — hy) — 4z(t) " Xox(t — ho)

t

+ Z )X, z(s)ds

t—h;

48



Tinh toan twong tu nhu Va(t, ), ta c6
Vilt, ) =nVi + e”t((hg — h)%i() TS ()

t—h(t) .
— (hg — 1) /t_h i(s) " Si(s)ds

— (ho— hn) /t o () Si(5)ds )

—h(t)
<nVi+ €" ((he — ha)?&(t) "Si(t) — 8x(t — h(t)) " Sz(t — h(t))
- 4:13(t - hQ)Tgﬂf(t - hg) - 4l’(t - hl)—rgl’(t - hl)

—4x(t — h(t)) 'Szt — hy) — 4a(t — h(t)) " Sz(t — hy)

19 t—h(t) - t—h(t)
TP o, TS,

—ho t—ho
12 t—h1 + . t—h1
- z(s dsS/ x(s)ds
(h(t) — h1)? /t—h(t) (s) t—h(t) )
19 — t—h(t)
+ ——a(t — h(t S/ x(s)ds
Py (t —h()) - (s)

12 hy) 'S o d
+ x(t — / x(s)ds
ha = h(1) (t — ho) - (s)

12 — t—h1
+ z(t —h S/ z(s)ds
h(t) — ( 2 t—h(t) (s)

t—h1

o) — hlx(t —h(t)'S /t_h(t) x(s)ds).

Nhan c4 hai vé ctia (3.1) véi e”2i(t)TQ ta c6

e”t( — 2 (0T Qi) + 20(H) TQ(A, + BFC))x(t)
+2&(t) T Q(Ay + BFCo)x(t — h(t)) + 2i(t) "QGw(t)
20T Qf (¢, z, zn, 1, w)) —0.
Tuong ditong véi
0< et (j;(t)T(—zQ + 20BN BTQ)i(t) + a(t) Cf FTNFCx(t)

+2&(t) TQA1z(t) + 2(t — h(t)) T Cy FTNFCox(t — h(t))
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+ 22(t) T QAgx(t — h(t)) + 22(t) ' QGx(t)

+2:’C(t)TQf(t,:1:,a:h,u,w)>. (3.11)
Cong bat dang thitc (3.11) va dang thic

et (f(t, T, Tp, U, w)Tf(t, x, xp,u,w) — f(t,z, xp,u, w)Tf(t, T, Th, U, W)

() Tw(t) = () Tw(t) + nz(t) () — n=)T2(1)) =0
vao V(t, ), va stt dung danh gia (3.4) cta f(t,z, 2, u,w), va chi § ring

ft, xxp, u,w) f(tx, zy,uw) <zt)’ (ar] + 2a3C’1TFTFC’1) x(t)
+azw(t)"wt) + z(t — h(t)" (a2l +2a3Cy FTFCy) x(t — h(t)),
nz(t) " z(t) = nx(t) T CT Cra(t) + 2nz(t) 'O Cox(t — h(t))
+na(t = h(t))' Cy Can(t — (1)),
ta co

V(t, ) < V(¢ ) + e (g;(t)T(?Al + AP+ Ty + Uq + ar I +1C Cy
—4X, —4X5 +2PBN'B'P +2C] FTNFC, + 2a3C| FTFCy)x(t)
+w(t) (asd — ynI)w(t) + x(t — hy) (=01 — 4X; — 48)z(t — hy)
+x(t — ho) T (—T2 — 4X5 — 48)x(t — ho)
+2(t — h(t)) T (=85 + agl +nCy Cy +2C) FTNFCy
+ 2a3Cy F'FCo)x(t — h(t))
+i(t) " (hX7 + h3Xa + (hy — 1)*S — 2Q + 2QBN'B'Q) i(t)
— f(t,x,ap,u,w) " f(E @, u,w) + 22(t) T (PAy + nCf Co)a(t — h(t))

)T PGuw(t) 4+ 2x(t) Pf(t, z, xp, u,w) — da(t) Xzt — hy)

— At — h(t) Sa(t — hy) + 26(8) T QA () + 20(t) T QAsx(t — h(t))

(1) QGw(t) + 22(t)  Qf (t, x, xp, w)
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i=1 ' t—hi
2 t
+ —ux(t TZ/ x(s)ds
> a0 [ ot
2 t
+Y Cat—h)'X, z(s)ds
1 t—h;

Ta thu duge
V(b w) = nV(t,a0) < 60 TWE) + Mymu(t) Twt) — Myz(t) (1), (3.12)
v6il

607 = [o() T (= )l — o)l — A1) w(t),

I I
f(t,:v,xh,u,w)T,—/ z(s) " ds, — z(s) " ds,
h’l t—h1 h2 t—ho

1 t—h(t) . 1 t—hy N
—_ x(s) ds, —/ x(s) ds|,
ol ARECES oy IECA

W = (Wij)iixii,
Wit = PA + A] P+ Uy + Us + a1 +nC{ Cy — 4X7 — 4X,

+2PBN'B"P +2C FTNFC, + 2a3C| FTFCy,
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Way = —Uy —4X, — 45, W3 = —Uy — 4X, — 45,

Wiy = —8S + asl + nCy Co +2C) FTNFCy + 2a3C) FTFC,,
Wss = hiXi + h3Xs + (ha — h1)?S — 2Q + 2QBN'B'Q,
Wes = asl —ynl, We; = —1, Wss = —12X1, Wyg = —12X5,
Wioao = Wir11 = —125, Wiy = —2X;, W3 = —2X;,

Wiy = PAy +nC| Co,Wi5 = A Q, Wig = PG, W7 = P,

Wis = Wag = 6X1, Wiy = Wy = 6Xo, Wy = W3y = =25,

Wis = Ay Q, Wi = QG, Wayy = Wa 19 = Wyio = Wiy = 69,

W57 = Q va W;; = 0 trong cac truong hop con lai.
Do do, tu (3.12), ta thu dugc

S (e V) < EOTWED +rmo) ) — =) 0. (319

Chiing ta sé chiing minh bat dang thiic ma tran W < 0 tuong duong véi dicu
kien (3.6) dugc théa man. St dung B dé Schur cho cic thanh phan phi tuyén
W117 W44, W55, khi d¢ diéu kien W < 0 tuong du’Ong vOi

b 02
Q= < 0,
x Q3

VOl
Q' = (ng)llxlla 0 = (Q?j>6x117

1 1
0 = diag [ —0.5N, —05N !, —J, ——
2(13 2@3

I,—05N1, —O.5N> ,
Q= PA + AP +TU + Uy +ayI +nC] Oy —4X; — 4X5,

QL = —8S + ayl 4+ nCy Cs,

Ol = h3X1 + W3 X5 + (he — 11)?S — 20,

va Q}j = W;; trong truong hgp con lai,

Q%l :FB, Q%Q :Q%s :C’IFT, 94214294215 :CzTFTv
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0% = QB, Q?j = 0 trong truong hop con lai.

Dinh nghia ma tran A nhu sau

I, 0 BN 0 0 0 0
0 Igpymsr O 0 0 0 O
0 0 N 0 0 0 0
A=|0 0 0O N 0 0 0
0 0 0 0 N 0 0
0 0 0 0 0 N 0
00 0 0 0 0 I |

Do ma tran A la chinh quy, ta c6 A = AQAT < 0 véi

AL A2
A= < 0,
x A3

trong do

A= (Agj)llxlly A? = (A?j)leh

1 1
A = diag [ —0.5N, —0.5N, ——N? ——N?2 —0.5N, —0.5N | ,
2@3 2@3
Ay =PA + AP+ T + Uy + a ] +0C Oy — 4X, — 4X,
+BNFC,+C/F'NB" —0.5BNB',
Aj; = Q;; doi véi trudng hgp khéc,
A} =PB, A}, =C[F'N — 05BN, A%, =C|F'N,
A3y =5 =Cy F'N, A= QB, A}, =0 véi trudng hop khac.
Dit FTN =K', dod6 F=N"'K.Do—(N—-1)?<0,tacé —N?< —2N+1.
Do dé
1 1 1

—— N*’<——N+—1.
2&3 as 2@3

Diéu kien A < 0 tuong duong vé6i dicu kien ¥ < 0, do d6 W < 0 va tit bat dang
thic (3.13) ta thu duge

% (e MV (¢, 1)) < ymuw(t) w(t). (3.14)
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Lay tich phan hai vé ctia (3.14) tit 0 dén ¢, v6i t € [0,T], ta thu dugc

t
Vit ) <e™ <V(O, zo) + 777/ w(s)Tw(s)ds>
0
< e (azer + ynd).
Do do
oaqx(t) Rx(t) < V(t,z) < e (ager + ynd),
hay tuwong duong véi

e (ager + ynd)
(03]

z(t) " Ra(t) < < ¢y, Vtel0,T],

diéu nay chiing t6 he (3.1) 1a on dinh trong thoi gian hitu han tuong tng véi
(c1,c2, T, R). Dé két thiic chiing minh dinh 1i, ta con phai chi ra diéu kién y—

t6i wu (3.5). Dé kiém tra didu kién nay, ta xét quan hé sau
T
| =1 = o)) at
g d
= [ [0 = mtwtol + 5 e viem)]

T d
— / E (e_"tV(t, Z’t)) dt.
0
Tu V(t,x;) >0, ta co

T

d

—/ T (e_"tV(t, a;t)) dt = —e_"TV(T, xr) + V(0,20) < 043||g0||2.
0

Mat khac, tur (3.13), ta c6

d  _
2@ = ynllw®)]® + 3 (V@) <0,

do dé
T
A [l — ynllw(®)]?] dt < asllell®

« 2 2
Dit ¢y = — > 0, tit bat ding thic tren ta c6
m

T
Jo llz(®)]|*dt
T —
collpll® + Jo llw(@)]>de

Danh gia nay théa man véi moi w € Lo([0,T],R"),p € C([—ho,0],R"), va do
do dieu kién (3.5) duge thoa man. Dieu nay da két thuc ching minh dinh li. [
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Nhan xét 3.1.4. Ching ta dé y rang dicu kien (3.7) khong phai 13 mot bat
dang thitc ma tran tuyén tinh theo 7, do n xuat hién trong thanh phan phi
tuyén. Tuy nhién, diéu kien (3.6) 13 mot bat dang thiic ma tran tuyén tinh, do
d6 ta c6 thé tim 7 tit didu kién (3.6), 16i sau d6 kiém tra lai diéu kien (3.7). Néu
diéu kién ctia dinh 1i duge théa man, thi ham diéu khién nguge thong qua thong
tin phan hdi dau ra u(t) = N~"'Kz(t) gidi quyét bai toan diéu khién H,, trong
thoi gian hitu han thong qua thong tin phan hoi dau ra.

Nhan xét 3.1.5. Theo hiéu biét ctia chiing toi, day 1a két qua dau tién vé bai
toan dicu khién H., trong thoi gian hitu han ctia mot 16p hé diéu khién phi
tuyén thong qua thong tin phan hoi dau ra. Trudée do, cic tac gid mdi nghién
citu bai toan didu khién H,, cho hé tuyén tinh cé tré hang, sau do la tré bién
thien, hay cho 16p hé quy mo 16n c6 tré bién thien.

Cac kho khan khi nghién cttu bai toan la:

e Ham tré dang khoang, khong kha vi, va ham tré xuat hién & cd ham trang
thai va ham quan sat.

e Heé diéu khién thong qua thong tin phan hoi dau ra.
e Xét bai toan diéu khién H., trong thoi gian hitu han.

Sau day chting to6i dua ra mot vi du sé6 minh hoa cho Dinh 1f 3.1.3.

Vi du 3.1.6. Xét he diéu khién c6 tré bién thien (3.1), trong d6

0.8 0.05 -1 0 -6 1
Al - 5 AQ = 5 B = 5
0 —1.1 0.02 0.9 2 4
0.01 0
G = , Ci = [0.01 —0.2} : Cy = {—0.02 0.1] ,
0.5 0.2

h(t) = keN+
0.1, teRT\ I
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o(t) =[2,24], te[-04,0].

Chu § rang ham h(t) 1a ham khong kha vi, do d6, cdc phuong phap dé xuat
trong cac cong trinh [37, 54, 55] 1a khong ap dung duge cho 16p hé xét trong cong
trinh nay. Cho h; = 0.1;ho =04, T =5;d=1;7v=4;¢1 = 1;¢0 = 37; R = 0.11,
va stt dung hop cong cu bat ding thitc ma tran tuyén tinh trong Matlab, khi d6
bat dang thitc ma tran tuyén tinh trong Dinh 1i 3.1.3 théa man véi n = 0.4138

va _
1.5584 —0.2630 0.9896 —0.9271
p— 5 1:
—0.2630 1.6955 —0.9271 1.6102
0.5054 —0.6833 x 194.7508 24.4056
2 = 3 1 =
—0.6833 1.2911 24.4056 135.9976
8.7212 1.9574 s 49.2089 —6.5256
2 = ) =
1.9574 5.4938 —6.5256 52.7801
A 1.3599 0.3567 0.8179 0.0048
N =10 : Q=
0.3567 0.9026 0.0048 0.7321
0.0105
—0.0335

Theo Dinh 1i 3.1.3, bai toan diéu khieén H,, trong thsi gian hitu han thong qua
thong tin phan hoi dau ra cho hé (3.1) ¢6 nghiém, v& bo diéu khién ngugc thong
qua thong tin phan hoi dau ra dugc xac dinh béi cong thic

» | 0.0195 —0.3901
u(t) = N Kz(t) =10 z(t)
—0.0448  0.8962
6 |—0.0390  0.1950
+ 10 z(t — h(t)).
0.0896 —0.4481

Hon nita, nghiém x(¢, ¢) ctia hé dong théa méan danh gia sau

z(t)"R(t) < 37, Vte|0,5].
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3.2 Heé phuong trinh vi phan tuyén tinh khong
chic chan cé nhiéu bi chian va tré bién
thién

Tiép theo, chiing toi nghién cttu bai toan diéu khién H, trong thdi gian hitu
han thong qua thong tin phan hoi dau ra cho heé tuyén tinh khong chic chan véi
tré bién thien. Xét he tuyén tinh khong chic chin vé6i thoi gian bién thien

(

(t) = [A1 + AA (t)]z(t) + [As + AAy(t)|z(t — h(2))

< +[B + AB®u(t) + G+ AGE)w(t), ¢ >0, (3.15)

2(t) = Cha(t) + Con(t — h(t)),

2(t) = ¢(t), t€[=hy,0],

trong d6 z(t) € R™, u(t) € R™, z(t) € RP lan lugt 1a cdc ham trang thai, ham
dieu khién, va ham quan sat dau ra; A;, Ay € R™** B € R™™ G € R™",
C1,Cy € RPX™ 13 cac ma tran thuc cho trude véi so6 chiéu thich hop. Ham tré
h(t) théa man diéu kién (3.2), ham nhiéu w(¢) 1a ham lien tuc théa man (3.3),
va cac nhieu AA;(t), AAs(t), AB(t), AG(t) duge cho béi

[AA(t) AAs(t) AB(t) AG(t)] = DE(t)[My, M., My M,

v6i D, My, My, My, My 1a cac ma tran thuc cho trude véi so chieu thich hop,
va F(t) 1a ma tran phu thuoc thoi gian théa man

E)"E(t) <I, Vvt>0. (3.16)
Xét he diéu khién (3.1) v6i nhidu phi tuyén f(¢, 2(t), z(t — h(t)), u(t)) théa man
ft,z,z(t—h(t)),u(t),wt)) = AAL(t)z(t) + AAs(t)z(t — h(t)) + AB(t)u(t)

v6i D, My, May, My, My 1a cac ma tran thyuc cho trude v6i s6 chiéu thich hop,
va E(t) 13 ma tran phy thuoc thoi gian thoéa man (3.16). Chiing ta bién doi he
diéu khién (3.1) vé he (3.15). Dat:

)\d - )\max<DTD)> )\m1 - )\max(M;;Mal)7 )\mz - )\max<M;Ma2>7

/\mb - /\max(M(;rMb)a )‘mg = )\max(M;Mg)-
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Ta ¢co

IFII7 < 4 AAw|® + 4| Adszn|* + 4] ABull* + 4| AGw]*

< A, |21 + AAadms |1 + Aadm, ] + 4AaAm, ||,
Ching ta st dung céac ki hiéu trong Dinh 11 3.1.3 véi
a] — 4)\d)\m1; a9 — 4)\d>\m27 ag — 4>\d>\mb, ayg — 4)\d)\mg-

Stt dung phuong phap ham Lyapunov-Krasovskii nhu trong Dinh 1i 3.1.3, ching
ta thu duge diéu kien 6n dinh mii cho hé di¢u khién khong chic chin (3.15)
thong qua thong tin phan hoi dau ra nhu trong He qua 3.2.1. Hé qua 3.2.1 thiét
lap mot diéu kien du cho sy ton tai ham diéu khién phan hoi dau ra cia bai
toan diéu khién H., trong thoi gian hitu han ctia hé diéu khién tuyén tinh khong
chic chan véi tré bién thien.

Heé qua 3.2.1. Bai todn diéu khién H, trong thoi gian hitu han thong qua thong
tin phdn hoi dau ra cho hé (3.15) ¢6 nghiém néu ton tai s6 duong n, va cdc ma
tran doi ziing xdc dinh duong P,Uy,Us, X1, X2, S, N, va cdc ma tran Q, K sao

cho bat ding thic ma tran tuyén tinh sau théa man

gl g2

U= <0, (3.17)
x U3

et +nd < aqese M (3.18)

Khi dé ham diéu khién nguoc thong qua thong tin phdn hoi dav ra dugc zdc dinh
u(t) = N"'Kz(t), Vt>0.

Nhan xét 3.2.2. Bo diéu khién ngudce thong qua thong tin phan hdi dau ra vita
dam bao su 6n dinh bén vitng trong thoi gian hitu han ctia hé déng va vita dam
bao duge diéu kien y—t6i wu duge biéu dién dusi dang bat déng thiic ma tran
tuyén tinh. Ké qua nghién cttu nay da phat trién két qua tim diéu khién H.,
trong [17, 37, 54, 55] ma & d6 céac tré duge nghién cttu dudi dang hing s6. Hon
nita, ta xay dung cac ham Lyapunov khac so v6i cdc nghién citu [37, 54, 55], va
danh gia cac dao ham ctia V() dudi dang tich phan téng quat, né dua dén cac
diéu kién bat déng thiic ma tran tuyén tinh tét hon va dua cac vi du so6 t6t hon.

Sau day ching toi dua ra mot vi du s6 minh hoa cho He qua 3.2.1.
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Vi du 3.2.3. Xét he phuong trinh vi phan tuyén tinh khong chic chan véi thoi
gian bién thien (3.15), trong do

1.3 0.01 ~15 0 ~12 5
1= 5 A2 - 5 B - 5
0.2 —2 0.02 1.8 2 8
0.01 0
G = , C1 = 10.001 —0.05] : Cy = [—0.04 0.01] ,
0.5 0.02
0.001 0 0.01 0
p— 5 _]\4611 p—
0  0.025 0 0.01
0.1 0
My, = My = M, = :
0 0.1

©(t) = [3,3.8] va ham tré h(t) dugc cho trong Vi du 3.1.6. Ta dé ¥ rang ham h(t)
14 khong kha vi, do d6, phuong phap dua ra trong [38, 54, 55] 1a khong thé ap
dung cho 16p heé xét trong cong trinh nay. Stt dung hop cong cu bat ding thiic ma
tran tuyén tinh trong Matlab, khi d6 bat ding thitc ma tran tuyén tinh trong He
qua 3.2.1 théa man v6i T'=8,d =2,y =1,¢c1 = 1,0 = T4, R = 0.041,n = 0.4
and

3.3747 —0.7143 I 2.3774 —0.1270
= ) 1= )
07143 1.3600 01270 2.1229
0.7881 0.2115 323.1831 —12.8844
U2 - ) Xl - )
0.2115 1.2668 —12.8844 121.4385
13.8824 —0.6318 81.9282 —1.2178
X2 - ) S = )
—0.6318  5.1041 12178 345612
5 6.3315 0.4824 0.5451 —0.0093
N = ].O 5 Q - 9
0.4824 4.6013 ~0.0093  0.2147
0.0591
0.0496
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Bai toan diéu khién H,, bén viing trong thsi gian hitu han ctia hé (3.15) ¢6
nghiém, va diéu khién ngude théng qua thong tin phan hoi dau ra dude xac dinh
bdi cong thic

¢ |0-0086 —0.4288 ¢ | —0-3430  0.0858
u(t) =10 x(t) + 10 x(t — h(t)).
0.0099 —0.4942 —0.3953 0.0988

Hon ntta, nghiém xz(t, ¢) théa man

z(t) " Rx(t) < 74, Vte€l0,8].

3.3 Két luan Chuong 3

Chuong 3 trinh bay két qua nghién citu bai toan di¢u khién H,, trong thoi
gian hitu han ctia mot 16p he diéu khién phi tuyén cé tré bién thien lién tuc dang
khodng thong qua thong tin phan hoi dau ra. Két qua dat duge nhu sau:

e Xay dung ham diéu khién phan hdi dau ra cho bai toan diéu khién H.,
trong thoi gian hitu han ctia mot 16p hé diéu khién phi tuyén cé tré bién
thién lien tuc dang khoang. Diéu kien dt nay dugc biéu dién thong qua
cac bat dang thitc ma tran tuyén tinh (Dinh If 3.1.3).

e Thiét lap ham diéu khién phan hoi dau ra cia bai toan diéu khien H.,
trong thoi gian hitu han cho hé diéu khién tuyén tinh khong chic chin véi
tré bién thien (He qua 3.2.1).
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KET LUAN

Luan an nghién cttu mot s6 bai toan diéu khién nhu bai toan dam bao gia tri
diéu khién va bai toan diéu khién H,, trong thoi gian hitu han ctia hé phuong
trinh vi phan phi tuyén c6 tré bién thién thong qua thong tin phan hoi dau ra.

Nhitng két qua da dudc chiing minh trong luan an:

e Chiing minh diéu kien du dé thiét ké ham diéu khién phan hoi dau ra cho
bai toan dam bao gia tri didu khién ctia 16p hé phuong trinh vi phan phi
tuyén c6 tré bién thién lien tuc dang khoang (Dinh 1 2.1.4). Ap dung giéi
bai toan dam béo gié tri diéu khién cho 16p hé dicu khién tuyén tinh khong

chdc chan c6 tré bién thien (He qua 2.2.1).

e Chitng minh diéu kién du dé xay dung ham diéu khién phan hoi dau ra
cho bai toan diéu khién H,, trong thdi gian hitu han ctia mot 16p he diéu
khién phi tuyén c6 tré bién thien lien tuc dang khoang (Dinh 1i 3.1.3). Ap
dung giai bai toan H., trong thoi gian hitu han cho hé diéu khién tuyén
tinh khong chic chian v6i tré bién thien (He qua 3.2.1).

Piém méi ctia luan an so véi cac két qua da coé:
e Ham tré khong doi héi tinh kha vi va can duéi clia tré c6 thé khac 0.
e Thiét ké ham diéu khién phan hdi dau ra cho bai toan ddm bao gia tri dicu
khién ctia 16p hé phuong trinh vi phan phi tuyén c6 tré bién thién lién tuc
dang khoang.

e Thiét ké ham dicéu khién phan hdi dau ra cho bai toan diéu khién H,,

trong thoi gian hitu han.

Luan an md ra mot s6 van dé c6 theé tiép tuc nghién ciu:
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e Nghién cttu bai toan dam bao gia tri diéu khién ctia 16p hé phuong trinh
vi phan phi tuyén nhung 6tonom véi tré bién thien.

e Nghién cttu bai toan diéu khién H., trong thoi gian hitu han ctia céc hé
phuong trinh vi phan khong 6tonom véi tré bién thien.

62



DANH MUC CAC CONG TRINH KHOA HOC CUA
TAC GIA DA CONG BO LIEN QUAN DEN LUAN AN

[1]. S. Adly, Ta T.H. Trang and Vu N. Phat, Guaranteed quadratic cost control
of nonlinear time-varying delay systems via output feedback stabilization, Pa-
cific Journal of Optimization, 12(3) (2016), pp. 649-667. (SCIE)

[2]. Ta T.H. Trang, Vu N. Phat and S. Adly, Robust finite-time H, control of

nonlinear time-varying delay systems, Journal of Industrial and Management
Optimization, 12(1) (2016), pp. 303 - 315. (SCIE)

63



TAI LIEU THAM KHAO

Tiéng Viét

[1] Vit Ngoc Phat, Nhap Mon Ly Thuyét Dieu Khién Todn Hoc, NXB Dai hoc
Qubc gia Ha Noi, (2001).

[2] Nguyén Truong Thanh, Dieu khién Hy, cdc hé phuong trinh vi phan cé tré
bién thién, Luan an tién si toan hoc, Dai hoc Qudc gia Ha Noi, Truong Dai
hoc Khoa hoc Ty nhién, (2015).

[3] Mai Viét Thuan, Tinh on dinh ciia mot s6 l6p hé phuong trinh vi phan ham
va Ung dung trong li thuyét diéu khién, Luan an tién si toan hoc, Vien Han
Lam Khoa Hoc va Cong nghé Viét Nam, Vién Toén hoc, (2014).

Tiéng Anh

[4] Amato F., Ariola M. and Dorato P., Finite-time control of linear sys-
tems subject to parametric uncertainties and disturbances, Automatica, 37
(2001), 1459-1463.

[5] Amato F., Ariola M. and Cosentino C., Finite-time stabilization via dy-
namic output feedback, Automatica, 42 (2006), 337 - 342.

[6] Amato F., Tommasi G. De and Pironti A., Necessary and sufficient condi-
tions for finite-time stability of impulsive dynamical linear systems, Auto-
matica, 49 (2013), 2546 - 2550.

[7] Bellman R., Introduction to Matrix Analysis, McGraw-Hill, New York,
(1970).

64



8]

9]

[10]

[11]

[12]

[13]

[16]

[17]

18]

[19]

Blondel V., Gevers M. and Lindquist A., Survey on the state of systems
and control, FEuropean Journal of Control, 1 (1995), 523-531.

Botmart T., Niamsup P. and Phat V.N., Delay-dependent exponential sta-
bilization for uncertain linear systems with interval non-differentiable time-
varying delays, Applied Mathematics and Computation, 217 (21) (2011),
8236 - 8247.

Boukas E.K., Static output feedback control for stochastic hybrid systems:
LMI approach, Automatica, 42 (2006), 183-188.

Boukas E.K., Optimal guaranteed cost for singular linear systems with ran-
dom abrupt changes, Optimal Control Applications and Methods, 31 (2011),
335-349.

Boyd S., Ghaoui L. El., Feron E. and Balakrishnan V., Linear Matriz In-
equalities in System and Control Theory, STAM, Philadelphia, (1994).

Chang S.S.L. and Peng T.K.C., Adaptive guaranteed cost control of systems
with uncertain parameters, IEEE Transactions on Automatic Control, 17

(4) (1972), 474 - 483.

Chukwu E.N., Stability and time-optimal control of hereditary systems, Aca-
demic Press, Inc, (1992).

Costa E.F. and Oliveira V.A., On the design of guaranteed cost controllers
for a class of uncertain linear systems, Systems & Control Letters, 46 (2002),
17-29.

Dorato P., Short time stability in linear time-varying systems, In Proc IRE
Int Convention Record, 4 (1961), 83 - 87.

Fridman E. and Shaked U., Delay-dependent stability and H.,control: con-
stant and time-varying delays, International Journal of Control, 76 (2003),
48 - 60.

Gahinet P., Nemirovskii A., Laub A.J., and Chilali M., LMI Control Toolbox
For use with MATLAB, The MathWorks, Inc, (1995).

Garcia G., Tarbouriech S. and Bernussou J., Finite-time stabilization of

linear time-varying continuous systems, IEEFE Transactions on Automatic
Control, 54 (2009), 364 - 369.

65



[20]

[21]

[22]

23]

[24]

[25]

[20]

[27]

28]

[29]

[30]

[31]

Gollmann L. and Maurer H., Theory and applications of optimal control
problems with multiple time-delays, Journal of Industrial and Management
Optimization, 10 (2014), 413-441.

Gu K., Kharitonov V.L. and Chen J., Stability of Time-Delay Systems,
Birkhauser, Boston, (2003).

Hale J.K. and Verduyn Lunel S.M., Introduction to Functional Differential
FEquations, Springer-Verlag, New York, (1993).

Han Q.L., Robust stability for a class of linear systems with time-varying
delay and nonlinear perturbations, Computers and Mathematics with Ap-
plications, 47 (2004), 1201 -12009.

Hien L.V. and Phat V.N., Exponential stability and stabilization of a class
of uncertain linear time-delay systems, Journal of the Franklin Institute,
346 (2009), 611-625.

Jiang X. and Han Q.L., On H,, control for linear systems with interval
time-varying delay, Automatica, 41 (2005), 2099 - 2106.

Kharitonov V., Time-Delay Systems: Lyapunov Functionals and Matrices,
Birkhauser, Berlin, (2013).

Kharitonov V.L. and Hinrichsen D., Exponential estimate for time delay
systems, Systems and Control Letters, 53 (2004), 395 -405.

Kolmanovskii V.B. and Nosov V.R., Stability of Functional Differential
Fquations, Academic Press, Inc., (1986).

Kolmanovskii V.B. and Myshkis A., Applied Theory of Functional Differ-
ential Equations, Kluwer Academic Publisher, Dordrecht, (1992).

Krasovskii N.N., Stability of Motion: Applications of Lyapunov’s Second
Method to Differential Systems and Equations with Delay, Stanford Univer-
sity Press, Stanford, California, (1963).

Kwon O.M. and Park J.H., Robust stabilization of uncertain systems with
delays in control input: a matrix inequality approach, Applied Mathematics
and Computation, 172 (2006), 1067-1077.

66



[32]

[33]

[34]

[35]

[30]

[37]

[38]

[39]

[40]

Kwon O.M., Park J.H. and Lee S.M., Exponential stability for uncertain
dynamic systems with time-varying delays: LMI optimization approach,
Journal of Optimization Theory and Applications, 137 (2008), 521 -532.

Lakshmikantham V., Leela S. and Martynyuk A.A., Stability Analysis of
Nonlinear Systems, Marcel Dekker, New York, (1989).

Li H., Niculescu S.L., Dugard L. and Diona J.M., Robust guaranteed cost
control of uncertain linear time-delay systems using dynamic output feed-
back, Mathematics, Computers in Simulation, 45 (1998), 349 - 358.

Liao X.X., Wang L. and Yu P., Stability of Dynamical Systems, Elsevier,
Oxford, UK, (2007).

Lien C.H., Delay-dependent and delay-independent guaranteed cost control
for uncertain neutral systems with time-varying delays via LMI approach,
Chaos, Soliton and Fractals, 33 (2007), 1017-1027.

Liu H., Shen Y. and Zhao X., Delay-dependent observer-based H,, finite-
time control for switched systems with time-varying delay, Nonlinear Anal-
ysis: Hybrid Systems, 6 (2012), 885-898.

Meng Q.Y. and Shen Y. J, Finite-time H,, control for linear continuous

system with norm-bounded disturbance, Communications in Nonlinear Sci-
ence and Numerical Simulation, 14 (2009), 1043 -1049.

Moulay E., Dambrine M., Yeganefar N. and Perruquetti W., Finite-time
stability and stabilization of time-delay systems, Systems and Control Let-
ters, 57 (2008), 561 - 566.

Nam P.T. and Phat V.N., Robust stabilization of linear systems with de-

layed state and control, Journal of Optimization Theory and Applications,
140 (2) (2009), 287 -299.

Niculescu S.I. and Gu K., Advances in Time-Delay Systems, Springer,
Berlin, (2004).

Park J.H., Delay-dependent criterion for guaranteed cost control of neu-
tral delay systems,Journal of Optimization Theory and Applications, 124
(2005), 491-502.

67



[43]

[44]

[45]

[40]

[47]

[48]

[49]

[50]

Persis C. De and Mazenc F., Stability of quantized time-delay nonlinear
systems: a Lyapunov—Krasowskii-functional approach, Mathematics of Con-
trol, Signals, and Systems, 21 (2010), 337 - 370.

Petersen I.R. and Macfarlane D.C., Optimal guaranteed cost control and
filtering uncertain linear systems, Transactions on Automatic Control, 39
(1994), 1971-1977.

Phat V.N., Memoryless H,, controller design for switched nonlinear sys-
tems with mixed time-varying delays, International Journal of Control, 82
(2009), 1889-1898.

Phat V.N., Ha Q.P. and Trinh H., Parameter-dependent H., control for
time-varying delay polytopic systems, Journal of Optimization Theory and
Applications, 147 (2010), 58-70.

Richard J.P., Time-delay systems: An overview of some recent advances
and open problems, Automatica, 39 (2003), 1667 - 1694.

Senthilkumar T. and Balasubramaniam P., Delay-dependent robust stabi-
lization and H,, control for nonlinear stochastic systems with Markovian
jump parameters and interval time-varying delays, Journal of Optimization
Theory and Applications, 151 (2011), 100- 120.

Seuret A. and Gouaisbaut F., Wirtinger-based integral inequality: Applica-
tion to time-delay systems, Automatica, 49 (2013), 2860 - 2866.

Sun J., Liu G.P., Chen J. and Rees D., Improved delay-range-dependent
stability criteria for linear systems with time-varying dealys, Automatica,

46 (2010), 466- 470.

Thuan M.V. and Phat V.N., Optimal guaranteed cost control of linear sys-
tems with mixed interval time-varying delayed state and control, Journal
of Optimization Theory and Applications, 152 (2012), 394 -412.

Wang Y., Wang Q., Zhou P. and Duan D., Robust guaranteed cost control
for singular Markovian jump systems with time-varying delay, ISA Trans-
actions, 51 (2012), 559 - 565.

Wu L., Lam J. and Wang C., Robust H,, dynamic output feedback con-
trol for 2D linear parameter-varying systems, IMA journal of mathematical
control and information, 26 (1) (2009), 23 - 44.

68



[54]

[55]

[56]

[58]

[59]

[60]

[61]

Xiang Z., Sun Y.N. and Mahmoud M.S., Robust finite-time H., control for
a class of uncertain switched neutral systems, Communications in Nonlinear
Science Numerical Simulations, 17 (2012), 1766 - 1778.

Xiang W. and Xiao J., H, finite-time control for nonlinear switched
discrete-time systems with norm-bounded disturbance, Journal of the
Franklin Institute, 348 (2011), 331 -352.

Xu H., Teo K.L. and Liu X., Robust stability analysis of guaranteed cost
control for impulsive switched systems, IEEE Transactions on Systems,
Man, and Cybernetics, Part B: Cybernetics, 38 (2008), 1419 - 1422.

Xu H. and Teo K. L., H,, optimal stabilization of a class of uncertain im-
pulsive systems: An LMI approach, Journal of Industrial and Management
Optimization, 5 (2009), 153 - 159.

Xu H. and Teo K.L., Stability with Lo-gain condition of nonlinear impulsive
switched systems, IEEE Transactions on Automatic Control, 55 (2010),
2429 - 2433.

Yoshizawa T., Stability Theory by Lyapunov Second Method, The Mathe-
matical Society of Japan, Tokyo, (1966).

Yu L. and Chu J., An LMI approach to guaranteed cost control of linear
uncertain time-delay systems, Automatica, 35 (1999), 1155-1159.

Zamorano S. and Henriquez H. R., Feedback stabilization of abstract neutral
linear control systems, Mathematics of Control, Signals, and Systems, 25
(3) (2013), 345- 386.

Zhang Y., Liu C. and Mu X., Robust finite time H,, control of singular
stochastic systems via static output feedback, Applied Mathematics and
Computation, 218 (2012), 5629 - 5640.

Zhou K. and Khargonekar P.P, Robust stabilization of linear systems with
norm-bounded time-varying uncertainty, Systems and Control Letters, 10
(1988), 17-20.

Zhou K., Doyle J.C. and Glover K., Robuts and Optimal Control, New
Jersey: Prentice Hall, (1995).

69



PHU LUC

1. Code Mattlab cho Vi du 2.1.7:

Al =[10;0.2 —2.6]; gtrAl = eig(Al);

A2 = [-1.8 0.5;0 2]; gtrA2 = eig(A2);

A3 = Al + A2; gtrA3 = eig(A3);

B=10.1 —1.2;21.5]; gtrB = eig(B);

C1=[01 —05;  C2=][-0.010.03];

E1 =0.00001 0;0 0.00005]; E2 =[0.00002 0; 0 0.00003];
E3 =[0.00001 0;0 0.00002]; E33 = B3 x E3;

E333 = inv(E33); Il = E33 % E333;

gtrE333 = eig(F333);

gmine333 = min(gtrE333(1,1), gtr £333(2,1));

a = 0.000001; ap = 0.2; 1=0.1; h2 = 0.4;
[=[10,01];  Q1=1[0.05110.0001];

(2 = [0.001 0.1; 0.1 0.0004]; R =[0.0005 0;0 0.001];
gr = eig(R); R1 =inv(R);

grl = eig(R1); gminrl = min(grl(1,1),g9r1(2,1));
setlmis(][]); P = Imivar(1,[2 1]);

Ul = lmivar(1,[2 1]); U2 = Imivar(1,[2 1]);

S1 = Imivar(1,[2 1)); S2 = Imivar(1, 2 1]);
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S3 = Imivar(1,[2 1]); X1 = Imivar(1,[2 1));
X2 = Imivar(1,[2 1]); X3 = Imivar(1,[2 1]);
N = Imivar(1,[2 1]); K = lmivar(2,[2 2]);
Imiterm([111 P],1, A1, s"); Imiterm([1 11 U1],1,1);
Imiterm([111U2],1,1); Imiterm([1 11 0], Q1);
Imiterm([1 11 P],2*ap,1); Imiterm([1110],2* E1" % E1);
Imiterm([1 11 S1], —exp(—2 % ap x hl),1);

Imiterm([1 11 .52], —exp(—2 * ap x h2),1);
Imiterm([1 11 X1], -2 x exp(—4 * ap * hl),1);
Imiterm([1 11 X2|,—2 x exp(—4 * ap * h2),1);
Imiterm([1 11 X3], =2 % exp(—4 * ap * h2) x (h2 — hl) x inv(h2 + hl),1);
Imiterm([111 K|, B,C1,s); Imiterm([111 N],—0.5 % B, B');
Imiterm([1 21 S1],exp(—2 * ap x hl),1);
Imiterm([1 22 U1], —exp(—2* ap = hl),1);

Imiterm([1 2 2 S1], —exp(—2 * ap x h1),1);

(

(

(

(

(

(

(
Imiterm([1 2 2 S3|, —exp(—2 * ap * h2),1);
Imiterm([1 3 1 .52], exp(—2 * ap * h2),1); Imiterm([1 3 2 0],0);
Imiterm([1 3 3 U2], —exp(—2 * ap x h2),1);
Imiterm([1 3 3 S2|, —exp(—2 * ap x h2),1);
Imiterm([1 3 3 S3], —exp(—2 * ap x h2),1); Imiterm([1 41 P], 1, Al);
Imiterm([1 4 2 0], 0); Imiterm([1 4 3 0],0);
Imiterm([1 4 4 S1], h1%,1); Imiterm([1 4 4 S2],h2%,1);

(

Imiterm([1 44 S3], (h2 — h1)?,1);  Imiterm([1 4 4 X1],0.5 x h1%1);
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Imiterm([1 4 4 X2],0.5 % h2%, 1);
Imiterm([1 4 4 X3],0.5 * (h2? — h1?),1);
Imiterm([1 4 4 P],—2,1); Imiterm([1 51 P], A2, 1);

Imiterm([1 52 S3],exp(—2 * ap x h2),1);

Imiterm([1 5 3 S3], exp(—2 * ap * h2),1);

Imiterm([15 4 P], A2',1); Imiterm([1 55 0],2 % E2' x E2);
Imiterm([1 55 0], Q2); Imiterm([1 55 S3|, =2 * exp(—2 x ap * h2),1);
Imiterm([1 6 1 X1],2 % exp(—4 * ap x h2) x inv(hl), 1);

Imiterm([1 6 2 0],0); Imiterm([16 3 0],0);

Imiterm([1 6 4 0],0); Imiterm([1 6 5 0],0);

Imiterm([1 6 6 X1], —2 % exp(—4 * ap * h2) x inv(h1?),1);

Imiterm([1 71 X2|,2 % exp(—4 % ap x h2) x inv(h2), 1);

(
(
(
(
(
(
(
(
(
(
(
(
Imiterm([1 72 0],0); Imiterm([1730],0); (miterm([1740],0);
Imiterm([1 75 0],0); Imiterm([1 76 0],0);
Imiterm([1 77 X2], =2 % exp(—4 * ap * h2) * inv(h2?),1);
Imiterm([1 8 1 X3],2 % exp(—4 % ap x h2) x inv(hl + h2),1);
Imiterm([1 8 2 0],0); Imiterm([1 8 3 0],0);
Imiterm([L 84 0),0);  Imiterm([L 85 0],0);
Imiterm([1 8 6 0],0); Imiterm([1 8 7 0],0);
Imiterm([1 8 8 X3], —2 % exp(—4 * ap * h2) x inv(h2® — h1?),1);
Imiterm([191 P], B, 1); Imiterm([19 2 0],0);
Imiterm([19 3 0],0); Imiterm([1 9 4 0],0);
Imiterm([1 95 0],0); Imiterm([1 96 0],0);
(

Imiterm([1 97 0],0); Imiterm([1 9 8 0],0);
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Imiterm([199 NJ, —0.5,1); Imiterm([1 10 1 K],1,C1);
Imiterm([1 10 1 N],—0.5, B'); Imiterm([1 10 2 0],0);
Imiterm([1 10 3 0],0); Imiterm([1 10 4 0],0);
Imiterm([1 10 5 0],0); Imiterm([1 10 6 0],0);
Imiterm([1 10 7 0],0); Imiterm([1 10 8 0],0);
Imiterm([1 10 9 0],0); Imiterm([1 10 10 N], —0.5,1);
Imiterm([1 11 1 K], 1,C1); Imiterm([1 11 2 0], 0);
Imiterm([1 11 3 0],0); Imiterm([1 11 4 0],0);

Imiterm([1 11 7 0],0

)

Imiterm([1 11 5 0],0); Imiterm([1 11 6 0],0);
)i Imiterm([1 11 8 0],0);
)

(
(
(
Imiterm([1 11 9 0],0); Imiterm([1 11 10 0], 0);

Imiterm([1 11 11 NJ, —0.5 x gmine333 x a, 1);

Imiterm([1 12 1 K], 1,C1); Imiterm([1 12 2 0], 0);
Imiterm([1 12 3 0],0); Imiterm([1 12 4 0],0);
Imiterm([1 12 5 0],0); Imiterm([1 12 6 0],0);
Imiterm([1 12 7 0],0)
)

(

(

(

(

(

(

(

(

(

(

(

(

Imiterm([1 11 11 0],0.25 x gmine333 x a x a x I );

(

( (

( (

( ; Imiterm([1 12 8 0],0);

Imiterm([1 129 0],0); Imiterm([1 12 10 0], 0);

Imiterm([1 12 11 0], 0); Imiterm([1 12 12 N|, —gminrl x a, 1);

Imiterm([1 12 12 0],0.5 x gminrl x a x a x I);

Imiterm([1 13 1 P, 1,1);

Imiterm([1 13 2 0],0); Imiterm([1 13 3 0],0);

Imiterm([1 13 4 0],0); Imiterm([1 13 5 0],0);
(

Imiterm([1 13 6 0],0); Imiterm([1 13 7 0],0);
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Imiterm([1 13 8 0],0);

Imiterm([1 13 10 0], 0);
Imiterm([1 13 12 0], 0);
Imiterm([1 14 1 0], 0);
Imiterm([1 14 3 0],0);
Imiterm([1 14 5 0],0);
Imiterm([1 14 7 0],0);
Imiterm([1 14 9 0],0);
Imiterm([1 14 11 0], 0);
Imiterm([1 14 13 0], 0);
Imiterm([1 15 1 0],0);
Imiterm([1 15 3 0],0);

);
);
);
Imiterm([1 15 7 0],0);
Imiterm([1 15 9 0], 0);

0

Imiterm([1 15 11 0], 0);
Imiterm([1 15 13 0], 0);
Imiterm([1 15 15 0], —

Imiterm([1 16 2 0],0);
Imiterm([1 16 4 0],0);

);
);
Imiterm([1 16 6 0, 0);
Imiterm([1 16 8 0],0);

);

(
(
(
(
(
(
(
(
(
(
(
(
Imiterm([1 15 5 0], 0);
(
(
(
(
(
(
(
(
(
Imiterm([1 16 9 0], 0);
(

Imiterm([1 16 11 0], 0);

Imiterm([1 13 9 0],0);

Imiterm([1 13 11 0],0);

Imiterm([1 13 13 0],
Imiterm([1 14 2 0],0);

Imiterm([1 14 4 P, B,

(

(

Imiterm([1 14 6 0], 0);

Imiterm([1 14 8 0],0);
(

Imiterm([1 14 10 0], 0);

—1I);

1);

Imiterm([1 14 12 0], 0);

Imiterm([1 14 14 N],—0.5,1);

Imiterm([1 15 2 0],0);

Imiterm([1 154 P|,1,1);

(

(

Imiterm([1 15 6 0], 0);

Imiterm([1 15 8 0], 0);
(

Imiterm([1 15 10 0], 0);

Imiterm([1 15 12 0],0);

Imiterm([1 15 14 0],0);

Imiterm([1 16 1 0],0

Imiterm([1 16 3 0],0);

)i

Imiterm([1 16 5 K|, 1,C2);

(

(

Imiterm([1 16 7 0], 0);

Imiterm([1 16 8 0], 0);
(

Imiterm([1 16 10 0], 0);

Imiterm([1 16 12 0],0);
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Imiterm([1 16 13 0],0); Imiterm([1 16 14 0],0);
Imiterm([1 16 15 0], 0); Imiterm([1 16 16 N|, —0.5, 1);
Imiterm([1 17 1 0],0); Imiterm([1 17 2 0],0);
Imiterm([1 17 3 0],0); Imiterm([1 17 4 0],0);
Imiterm([1 17 5 K|, 1,C2); Imiterm([1 17 6 0],0);
Imiterm([1 177 0],0);  Imiterm([L 17 8 0], 0);
Imiterm([1 17 9 0],0); Imiterm([1 17 10 0], 0);
Imiterm([1 17 11 0], 0); Imiterm([1 17 12 0],0);
Imiterm([1 1713 0],0);  Imiterm([1 17 14 0], 0);
Imiterm([1 17 15 0], 0); Imiterm([1 17 16 0],0);

Imiterm([1 17 17 NJ, —0.5 x gmine333 x a, 1);

(

(

(

(

(

(

(

(

(

(

(
Imiterm([1 17 17 0],0.25 * gmine333 x a x a * I );
Imiterm([1 18 1 0],0); Imiterm([1 18 2 0],0);
Imiterm([1 18 3 0],0); Imiterm([1 18 4 0],0);
Imiterm([1 18 5 K],1,02);  Imiterm([1 18 6 0],0);
Imiterm([1 18 7 0],0); Imiterm([1 18 8 0],0);
Imiterm([1 18 9 0],0); Imiterm([1 18 10 0], 0);
Imiterm([1 18 11 0],0);  Imiterm([1 18 12 0], 0);
Imiterm([1 18 13 0], 0); Imiterm([1 18 14 0],0);
Imiterm([1 18 15 0], 0); Imiterm([1 18 16 0],0);
Imiterm([1 18 170],0);  Imiterm([1 18 18 N], —gminrl * a, 1);
Imiterm([1 18 18 0],0.5 x gminrl x a x a x I); ;

(

Imiterm([-2 11 P],1,1); Imiterm([—-3 11 U1],1,1);
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Imiterm([—4 11 U2],1,1); Imiterm([—5 11 S1],1,1);
Imiterm([—6 11 52],1,1); Imiterm([—7 11 53],1,1);
Imiterm([—-8 11 X1],1,1); Imiterm([—911 X2],1,1);
Imiterm([—10 1 1 X3], 1, 1); Imiterm([—11 11 NJ,1,1);
mylmi = getlmis; [tmin, z feas] = feasp(mylmi);
P = dec2mat(mylmi, z feas, P); Ul = dec2mat(mylmi, x feas, U1);
U2 = dec2mat(mylmi, z feas, U2); S1 = dec2mat(mylmi, x feas, S1);
S2 = dec2mat(mylmi, z feas, S2); S3 = dec2mat(mylmi, z feas, S3);
X1 = dec2mat(mylmi, z feas, X1); X2 = dec2mat(mylmi, z feas, X 2);
X3 = dec2mat(mylmi, x feas, X 3); N = dec2mat(mylmi, x feas, N);
K = dec2mat(mylmi, x feas, K); F =inv(N) x K;
Oll=Px Al + A1« P+ UL+ U2+ QL + 2% ap P
+ 2% E1"x E1 — exp(—2* ap x hl) * S1
—exp(—2xap* h2) * S2 — 2 x exp(—4 xap x h1) x X1
—2xexp(—4 *ap x h2) * X2
—2xexp(—4 *ap * h2) x (h2 — hl) *inv(h2 4+ h1) * X3
+B+xK+«Cl+ClUxK' «B —05%Bx* N * B
EgO11 = eig(O11);
022 = —exp(—2*ap* hl) * Ul — exp(—2x ap * hl) * S1
—exp(—2 % ap * h2) * S3;
Eg022 = eig(022);
033 = —exp(—2 % ap * h2) * U2 — exp(—2 * ap * h2) * S2
—exp(—2 * ap * h2) * S3;

FEg033 = eig(033);
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O44 = h1? % ST+ h2% % S2 4+ (h2 — h1)?* * S3+ 0.5 % h1% * X1
4+ 0.5 % h2% x X2+ 0.5 % (h2? — h1?) x X3 — 2% P;
EgO44 = eig(0O44); 055 = 2% E2' x B2 — exp(—2 * ap * h2) * S3 + Q2;
EgO55 = eig(O55);
066 = —2 % exp(—4 * ap * h2) * inv(h1?) * X 1; Eg0O66 = eig(066);
OT7 = —2 % exp(—4 * ap * h2) * inv(h2?) * X2; EqOT7 = eig(OT7);
088 = —2 % exp(—4 * ap * h2) * inv(h2* — h1?) x X 3; EgO88 = ¢ig(088);
099 = —0.5 *x gmine333 x a x N + 0.25 x gmine333 x a x a * I;
Eg099 = eig(099);
01010 = —gmanrl xax N + 0.5« gminrl xa x a x I;
Eg01010 = eig(01010); EgP = eig(P); EqU1 = eig(U1);
EqU2 = eig(U2); EgS1 = eig(S1); EgS2 = eig(S2);
EgS3 = eig(S3); EgX1 =eig(X1); EgX2 = eig(X2);
EgX3 = eig(X3); EgN = eig(N);
mp = max(EgP(1,1), EgP(2,1)); mul = max(EqU1(1,1), EgU1(2,1));
mu2 = max(FEqgU2(1,1), EgU2(2,1)); msl = max(FgS1(1,1), EgS1(2,1));
ms2 = max(FgS2(1,1), EgS2(2,1)); ms3 = max(FgS3(1,1), EgS3(2,1));
mzl = max(EgX1(1,1), EgX1(2,1)); mz2 = max(EgX2(1,1), EgX2(2,1));
ma3 = max(EgX3(1,1), EgX3(2,1)); FC1=Fx(C1;
FC2=FxC2; Lamda = mp + hl x mul 4+ h2 * mu2 + 0.5 * h1® x msl
4+ 0.5 % h2% + ms2 + (h2? — h1%) x (h2 — hl) * ms3;
+1/6 % h1? x mal + 1/6 % h2° * ma2 + 1/6 % (h2 — h1)? * ma3;
lam = min(EgP(1,1), EgP(2,1)); ;

k1 = Lamda/lam; k2 = sqrt(kl);
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2. Code Mattlab cho Vi du 3.2.3:

Al =[1.30.01;0.2 —2J; gtrAl = eig(Al);
A2 =[-150;0.021.8];  gtrA2 = eig(A2);

A3 = Al + A2; gtrA3 = eig(A3);

B=[-12528]; G =/[0.010;0.50.02];
C1=1[0.001 —0.05];  C2=[-0.040.01];

D =[0.0010;00.025];  Mal = [0.010;00.01];
Ma2=1[0.10;00.1];  Mb=1[0.10;00.1];

Mg =1[0.10;00.1]; EgD = eig(D"™D);

mD = max(EgD(1,1), EgD(2,1)); EgMal = eig(Mal”*Mal);
mMal = max(EgMal(1,1), EgMal(2,1));  EgMa2 = eig(Ma2"* Ma2);
mMa2 = max(EgMa2(1,1), EgMa2(2,1)); EgMb = eig(Mb™ Mb);
mMb = max(EgMb(1,1), EgMb(2,1)); EgMg = eig(Mg™Myg);
mMg =max(EgMg(1,1), EgMg(2,1)); al =4"mD*mMal;

a2 = 4" mD*mMa2; a3 = 4" mD*mMb;

a4 = 4 mD*mM g; I=1[10;01];

R=0.04"1; R1 = sqrtm(R);

hl =0.1; h2 = 0.4; T=2g; d=2;

gamma = 1; cl =1;

eta = 0.3; setlmis([]); P = Imivar(1, ]2 1]);

Ul = Imivar(1,[2 1]); U2 = lmivar(1, 2 1]);

X1 = Imivar(1, 2 1)); X2 = Imivar(1, 2 1));

S = Imivar(1,[2 1]); N = Imivar(1,[2 1]);

Q = Imivar(1,[2 1)); K = Imivar(2,[2 1]);

Imiterm([1 11 P],R1, R1* A1, S");
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Imiterm([1 11 U1], R1, R1);

Imiterm([1 11 U2], R1, R1);

Imiterm([1 11 0], al); Imiterm([1 11 0], eta*C1*C1);

Imiterm([1 11 X1], —4*R1,R1);  Imiterm([1 11 X2], —4*R1, R1);
Imiterm([111 K|, B,C1,s); Imiterm([111 N|,—0.5"B, B');
Imiterm([1 21 X1],—2°R1,R1);  Imiterm([1 22 U1], —R1, R1);
Imiterm([1 2 2 X1], —4*R1, R1); Imiterm([1 22 S|, —4*R1, R1);
Imiterm([1 31 X2],—2*R1, R1); Imiterm([1 3 2 0],0);
Imiterm([1 33 U2], —R1,R1):  Imiterm([1 33 X2], —4*R1, R1);
Imiterm([1 3 3 S],—4"R1, R1); Imiterm([1 4 1 P], A2"R1, R1);
Imiterm([1 41 0], eta*C2"C1); Imiterm([1 42 S|, —2*R1, R1);
(

Imiterm([14 3 S],—2"R1, R1); Imiterm([1 4 4 S],—8"R1, R1);

(
(
(
(
(
(
(
(
(
(
(
(
Imiterm([1 4 4 0], a2); Imiterm([1 4 4 0], eta*C2"C2);
Imiterm([151 @], 1, Al); Imiterm([15 2 0],0);
Imiterm([1530],0);  Imiterm([1 54 Q], 1, A2);
Imiterm([1 55 X1],h1? * R1, R1); Imiterm([1 55 X2],h2% * R1, R1);
Imiterm([1 55 5], (h2 — h1)* x R1, R1); Imiterm([155 @], —2,1);
Imiterm([1 6 1 P],G”*R1,R1);  Imiterm([1 6 2 0],0);
Imiterm([1 6 3 0],0); Imiterm([1 6 4 0],0);
Imiterm([1 65 Q], G, 1); Imiterm([1 6 6 0], ad);
Imiterm([1 6 6 0], —gamma*eta); Imiterm([17 1 P], R1, R1);
Imiterm([1 7 2 0],0); Imiterm([1 7 3 0],0);
Imiterm([1 7 4 0],0); Imiterm([175 @], 1,1);

(

Imiterm([1 76 0],0); Imiterm([1 77 0], —1);
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Imiterm([1 8 1 X1],6 x R1, R1); Imiterm([1 8 2 X1],6 * R1, R1);
Imiterm([1 8 3 0],0); Imiterm([1 8 4 0],0);

Imiterm([1 8 5 0],0); Imiterm([1 8 6 0], 0);

Imiterm([1 8 7 0],0); Imiterm([1 8 8 X1], —12 % R1, R1);
Imiterm([191 X2],6 x R1, R1); Imiterm([1 9 2 0],0);
Imiterm([1 93 X2],6 x R1, R1); Imiterm([1 9 4 0],0);
Imiterm([1 95 0],0); Imiterm([19 6 0],0);

Imiterm([1 9 7 0],0); Imiterm([1 9 8 0],0);

Imiterm([1 99 X2],—12% R1,R1);  Imiterm([1 101 0],0);
Imiterm([1 10 2 0],0); Imiterm([1 10 3 S],6 x R1, R1);
Imiterm([1 10 4 S],6 x R1, R1); Imiterm([1 10 5 0], 0);

Imiterm([1 10 6 0],0); Imiterm([1 10 7 0], 0);

(

(

(

(

(

(

(

(

(

(

(

(

Imiterm([1 10 8 0],0); Imiterm([1 10 9 0],0);

Imiterm([1 10 10 S|, —12 x R1, R1); Imiterm([1 11 1 0],0);

Imiterm([1 112 S],6 « R1, R1);  Imiterm([1 11 3 0],0);

Imiterm([1 114 S],6 x R1, R1); Imiterm([1 11 5 0],0);

Imiterm([1 11 6 0],0); Imiterm([1 11 7 0],0);

Imiterm([1 118 0],0);  Imiterm([1 11 9 0],0);

Imiterm([1 11 10 0], 0); Imiterm([1 11 11 S], =12 x R1, R1);

Imiterm([1 12 1 P], B’ * R1, R1); Imiterm([1 12 2 0],0);

Imiterm([1 123 0],0);  Imiterm([1 12 4 0],0);

Imiterm([1 12 5 0],0); Imiterm([1 12 6 0],0);

Imiterm([1 12 7 0],0); Imiterm([1 12 8 0],0);
( ); (

Imiterm([1 12 9 0],0); Imiterm([1 12 10 0], 0);



Imiterm([1 12 11 0],0);

Imiterm([1 13 1 K],1,C1);

Imiterm([1 13 2 0],0);
Imiterm([1 13 4 0],0);

)
)
Imiterm([1 13 6 0],0);
)

Imiterm([1 13 8 0],0);

Imiterm([1 13 10 0],0);

Imiterm([1 13 12 0],0);

Imiterm([1 14 1 K],1,C1);

Imiterm([1 14 3 0],0);

Imiterm([1 14 5 0],0

)

Imiterm([1 14 7 0],0

)
)
)
)

Y

Imiterm([1 14 11 0],0);

Imiterm([1 14 13 0], 0);

Imiterm([1 14 14 0],1/(2 * a3));

Imiterm([1 15 2 0],0);

Imiterm([1 15 4 K],1,C2);

Imiterm([1 15 6 0],0);
Imiterm([1 15 8 0],0);
Imiterm([1 15 10 0], 0);
Imiterm([1 15 12 0], 0);

(

(

(

(

(

(

(

(

(

(

(

(
Imiterm([1 14 9 0],0

(

(

(

(

(

(

(

(

(
Imiterm([1 15 14 0], 0);

(

Imiterm([1 15 15 0],1/(2 * a3));

Imiterm([1 12 12 NJ, —0.5,1);
Imiterm([1 13 1 N|,—0.5, B');
Imiterm([1 13 3 0],0);
Imiterm([1 13 5 0],0);
Imiterm([1 13 7 0],0);
Imiterm([1 13 9 0], 0);
Imiterm([1 13 11 0], 0);
Imiterm([1 13 13 N],—0.5,1);
Imiterm([1 14 2 0], 0);
Imiterm([1 14 4 0],0);
Imiterm([1 14 6 0],0);
Imiterm([1 14 8 0], 0);
Imiterm([1 14 10 0],0);
Imiterm([1 14 12 0],0);
Imiterm([1 14 14 N],—1/a3,1);
Imiterm([1 15 1 0],0);
Imiterm([1 15 3 0],0);
Imiterm([1 155 0], 0);
Imiterm([1 15 7 0],0);
Imiterm([1 159 0], 0);
Imiterm([1 15 11 0], 0);
Imiterm([1 15 13 0], 0);
Imiterm([1 15 15 N], —1/a3, 1);

Imiterm([1 16 1 0],0);
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Imiterm([1 16 2 0],0);

Imiterm([1 16 4 K|, 1, C2);

Imiterm([1 16 6 0],0);
Imiterm([1 16 8 0],0);
Imiterm([1 16 10 0], 0);
Imiterm([1 16 12 0],0);

Imiterm([1 16 14 0],0);

Imiterm([1 16 16 N], —0.5,1);

Imiterm([1 17 2 0],0);

);

);
Imiterm([1 17 6 0],0);
Imiterm([1 17 8 0],0);
Imiterm([1 17 10 0], 0);
Imiterm([1 17 12 0],0);
Imiterm([1 17 14 0], 0);
)

Imiterm([1 17 16 0], 0);

Imiterm([-2 11 P],1,1);

Imiterm([—4 11 U2],1

(
(
(
(
(
(
(
(
(
Imiterm([1 17 4 0], 0);
(
(
(
(
(
(
(
(
(

Imiterm([—6 11 X2],1,1);

Imiterm([—-8 11 N],1,1);

[tmin, z feas] =

Imiterm([1 16 3 0],0);
Imiterm([1 16 5 0],0);
Imiterm([1 16 7 0], 0);
Imiterm([1 16 9 0],0);
Imiterm([1 16 11 0],0);
Imiterm([1 16 13 0], 0);
Imiterm([1 16 15 0],0);
Imiterm([1 17 1 0],0);
Imiterm([1 17 3 0], 0);
Imiterm([1 175 Q|,1, B);
Imiterm([1 17 7 0],0);
Imiterm([1 17 9 0], 0);
Imiterm([1 17 11 0], 0);
Imiterm([1 17 13 0], 0);
Imiterm([1 17 15 0], 0);
Imiterm([1 17 17 N}, —0.5,1);
Imiterm([—3 11 U1],1,1);
Imiterm([—511 X1],1,1);
Imiterm([—-7115],1,1);

mylmi = getlmas;

feasp(mylmi);

P = dec2mat(mylmi, x feas, P);
Ul = dec2mat(mylmi, z feas, U1);

U2 = dec2mat(mylmi, x feas, U2);
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X1 = dec2mat(mylmi, x feas, X 1);
X2 = dec2mat(mylmi, x feas, X2);
S = dec2mat(mylmi, z feas, S);
N = dec2mat(mylmi, z feas, N);
Q = dec2mat(mylmi, x feas, Q);
K = dec2mat(mylmi, x feas, K);
EgP = eig(P); EqgU1 = eig(U1);
EqU2 = eig(U2); EgX1 =-eig(X1);
EgX2 = eig(X2); EgS = eig(9);
EgN = eig(N);
Oll=R1*PxRl* A1+ Al'"* R1* P+ R1+ R1 Ul % R1
+R1xU2x Rl +alx1
+etaxCl'xC1l —4%R1*X1x Rl —4%Rl*X2x Rl
+BxKxCl+Cl'«K' xB —05«Bx*N=x*DB;
EgO11 = eig(O11); 044 = —8x Rl x S x Rl + a2 I + eta x C2' x C2;
EgO44 = eig(0O44);
O55 = h1? x R1 % X1% Rl 4+ h2? x R1 x X2 % R1
+ (h2 —h1)** R1% S % Rl — 2% Q;
EgO55 = eig(O55); EgbarP = eig(R1 * P x R1);
EgbarUl = eig(R1 « Ul % R1); EgbarU2 = eig(R1 * U2 x R1);
EgbarX1 = eig(R1 « X1 % R1); EgbarX2 = eig(R1 x X2 % R1);
EgbarS = eig(R1 % S x R1); mp = max(EgP(1,1), EgP(2,1));

mul = max(EqU1(1,1), EqU1(2,1));

mxl = max(EgX1(1,1), EgX1(2,1));

( (1,1)

mu2 = max(EqU2(1,1), EgU2(2,1));
( (1,1)
( (1,1)

ma2 = maz(EgX2(1,1), EgX2(2, 153

ms = max(FgS(1,1), EgS(2,1)); mn = max(EgN(1,1), EgN(2,1));



mpbar = max(EgbarP(1,1), EgbarP(2,1));

mulbar = maz(EgbarU1(1,1), EgbarU1(2,1)

)

(

mu2bar = maz(EgbarU2(1,1
( EgbarX1(2,1))
(

(1,1), )
(1,1), EgbarU2(2,1));
malbar = max(FEgbarX1(1,1), ));
max2bar = maz(EgbarX2(1,1), EgbarX2(2,1));
msbar = mazx(EgbarS(1,1), EgbarS(2,1));
alphal = min(EgP(1,1), EgP(2,1));
alpha2 = mp + hl * mul + h2 x mu2 + 0.5 x h13 « mal + 0.5 % h23 * ma2
+ 0.5 % (h2 — h1)? * (h2 + h1) * ms;
alpha3 = mpbar + hl * mulbar + h2 * mu2bar + 0.5 * h1% x malbar
+ 0.5 * h23 x ma2bar + 0.5 x (h2 — h1)? % (h2 + h1) * msbar;
c2 = ((alpha2 * c1 + gamma * eta * d) * exp(eta x T'))/alphal;

NKC1 =inv(N) x K = C1, NKC2 =inv(N) * K * C2;
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