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ABSTRACT

This paper presents an extened result on linear functional state bounding for linear discrete-time systems
with delays and bounded disturbances. Based on the Lyapunov method, a sufficient condition for the existence
a linear functional state bounding is derived in terms of linear matrix inequalities which can be solved by
many existing nummerical algorithms. To increasing the effectiveness of derived condition, we propose to use an
augmented Lyapunov-Krasovskii functional and it derivative is estimated by using the discrete-time Wirtinger-
based inequality combined with an reciprocally convex inequality. Lastly, a nummerical example is considered

to illustrate the effectiveness of the obtained result.
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Chan ham tuyén tinh cuda trang thai
cho hé r&i rac c6 cham va nhiéu bi chan

Luwu Thi Hiép, Phan Thanh Nam*

Khoa Todn va Thong ké, Truong Pai hoc Quy Nhon, Viét Nam
Ngay nhan bai: 08/10/2019; Ngay nhan dang: 09/11/2019

TOM TAT

Bai bao trinh bay mot két qua md rong vé chin ham tuyén tinh trang thai cho l6p hé r5i rac c¢6 cham

va nhiéu bi chin. Dya vao phuong phap ham Lyapunov, mot diéu kién du cho sy ton tai chin cho mot ham

tuyén tinh c6 dang xac dinh trudc ctia trang thai hé théng dude thiét lap dudi dang cac bat ding thic ma

tran tuyén tinh va gidi duge bing céc thuat toan s6. Dé tang tinh hitu hidu ctia dicu kien dua ra, mot 16p ham

Lyapunov-Krasovskii mé rong dugc thiét ké dé sit dung vi dao ham clia né duge danh gia dua vao hai bat déng

thiic dugc phat trién gan day gom: bat déng thitc Wirtinger roi rac va bat ding thitc ma tran 16i cai tién. Cudi

cling, mot vi du s6 duge nghién cttu dé minh hoa tinh hitu hieu ctia két qua thu dugc.

T khéa: Chin trang thdi, hé roi rac c6 cham, nhiéu bi chdn, ham Lyapunov-Krasovskii.

1. GIOI THIEU

Bai toan tim chan trang théi/bao tap dat duge
cho cac hé thong c6 nhiéu bi chian duge nghién
ctu dau tién tit nhing nam 1960 va dang 1a
huéng nghién cttu quan trong trong ly thuyét
diéu khién v6i nhitng tng dung rong rai trong
uéc luong trang thai, thiét ké diéu khien.!—1°
Trong cac hé diéu khién, thong tin/dit licu diéu
khién va hé théng dugc truyén tai qua cac bing
tang két ndi. Do d6, cham thdi gian khong thé
tranh khoi trong cac hé diéu khién thuyc té va
cac 16p hé c¢6 cham thoi gian da thu hut sy quan
tam ctia nhiéu nha nghién citu trong va ngoai
nude.>~23 Bai toan tim chan trang théi/bao tap
dat duge mé rong lan dau tién lén hé c6 cham
lan dau tién trong® va dugce phét trién manh mé
trong nhitng nam gan day.*~!® Tap dat dugc ctia
mot hé dong lyic c6 nhidu 1a tap tat ca cic trang
thai ma hé co thé dat duge xudt phat tit diém
gbc 14
dugc tap dat duge. Do do, ngusi ta quan tam
dén viec tim mot tap dong nhé nhat cé thé bao

va n6i chung la khong thé tim chinh xéc

"Téc gia lién hé chinh:
Email: phanthanhnam@gqnu.edu.vn

tap dat duge clia hé thong. Mot trong nhitng
cach tiép can pho bién cho bai toan bao tap dat
dugc cho hé c6 cham 1a dya vao phuong phap
ham Lyapunov va bat déng thitc ma tran tuyén
tinh. Bang cach cai tién cac 16p ham Lyapunov,
nhiéu két qua vé bao tap dat dude da duge cong
b6.4791415 DE cai tién phuong phap ham Lya-
punov, trong nhitng ndm gan day, nhiéu phat
trién quan trong da duge cong bd va tap trung
chll yéu vao viéc md rong hodc cai tién cic bat
dang thitc Wirtinger va bat dang thic 16i.16-23

Dé thu duge bao tap dat duge nhd nhéat,
bén canh viéc phét trién phuong phap ham Lya-
punov, thi mot s6 ky thuat danh gia trang thai
ciing duge dé xuat, nhu chan ting thanh phan

912,13 chan ham tuyén tinh trang

cua trang thai,
thai.®!! Lay ¢ tudng chan ham tuyén tinh trang
thai cho hé vi phan tit,>!! trong bai bao nay
ching t6i md rong cho 16p hé roi rac. Hon nita,
ching toi ciing dé xuat st dung mot 16p ham
Lyapunov mé rong véi dao ham cta né duge
danh gia thong qua bat déng thitc Wirtinger boi

26 | Tap chi Khoa hoc - Truwong Dai hoc Quy Nhon, 2020, 14(1), 25-35



SCIENCE

QUY NHON UNIVERSITY

mot va hai'” va bat ding thic ma tran 101 cai
tién.2! Két qua la mot diéu kien di cho sy ton tai
mot chan trén ctia ham gia tri tuyét déi cia ham
tuyén tinh trang thai duge dua ra dusi dang céc
bat déng thiic ma tran tuyén tinh va c6 thé giai
duge bang nhiéu thuat toan sé hién nay. Cudi
cling, mot vi du s6 duge xem xét dé minh hoa
tinh httu hiéu cta két qua dua ra.

Ki hi¢u: R™ 1a khong gian Euclide n-chiéu;
R™ ™ 13 tap nhitng ma tran cap n x m; I,, 1a ma
tran don vi cAp n x n; AT 1a ma tran chuyén vi
clia A; * 13 phan tit ddi xitng trong mot ma tran
déi xing; Sym{X} = X + XT; P > 0 la mot
ma tran déi xing xac dinh duong.

2. BAI TOAN NGHIEN CUU VA CAC BO
PE BO TRO

Xét hé roi rac sau

z(k+1) = Ax(k) + Agz(k — h(k))
+Buw(k), k>0, (1)

I‘(k) = 07 k= —hz, ...,0,

trong d6 x(k) € R™ la vécto trang théi, A, Ay €
R™ "™ va B € R™P ]a nhitng ma tran da biét,
cham bién thién h(k) bién doi trong mot khodng
délﬁét[h&,h2]7tﬁclé7

0 < hy < h(k) < ha, 2)

trong d6 hy, ho la nhitng s6 nguyén da biét.
Vécto nhiéu w(k) € R? duge gia thiét 1a bi chan:

wh (B)w (k) < w?,, Yk >0, (3)
trong d6 w,, 13 mot thyc duong biét.
Tap dat duge cho hé c6 cham (1) ¢6 nhiéu bi

chin (3) duge dinh nghia nhu sau:

Ry = {2(k) € R"[z(k), w(k) théa (1) va (3)}.
(4)

Xét ham tuyén tinh sau:
z(k) = Ux(k), (5)

trong dé6 U € R'™ ]a mot ma tran khac khong
da cho. Muc dich bai bao nay la:

(i) dua ra mot chan trén c6 thé nho nhat,
7, clia gid tri tuyet doi ctia ham z(k), tic la,
2(k)| < 7, Yk = 1,2,

(ii) ap dung két qua ( ) thiét lap mot tap da
dién bao tap dat duge (4).

Bo dé vé ham Lyapunov mé rong, bat dang
thiic Wirtinger roi rac,'” bat ddng thic 161 phu
thuoc cham?' va gid tri nhd nhat ctia mot ham
hai bién 16m'? can thiét cho viec dua ra két qua
chinh ctia bai bao.

B6 dé 2.1. 2 Cho V la mot ham zdc dinh duong
va V(0) = 0. Néu ton tai mot s6 7 > 1 sao cho

1—r71

2
Win

wl (k)w(k) <0,
(6)

AV (E)+(1—r YV (k) -

th V(k) <1, Vk > 0.

B6 dé 2.2. 17 Cho mot ma tran cap n X n wdc
dinh duong R, ba s6 nguyén khong am da cho
a,b,k thoa man a < b < k, mgt ham vécto
z(.) € R™ va ki hieu y(k) = z(k + 1) — z(k),
ta co

k—a—1
. 1
i)Y ) Ry(s) 2 (00, RO,
s=k—b
3 1 \T pol
fa(Qa,b) R,
5
(02 ,)TRQ? 7
+ b——a( a,b ) a,b ( )
—a—1k—a—1
i)y > T u) > 2(23 )" ROS,
s=—bu=k+s
+4(2,,) ROy, (8)
—a—1 k+s
i) Y Y yT u) > 2(Q3 )T RO,
s=—bu=k—b
+ 4(Qg,b>TRQg,b' 9)
trong do

Q0 =2(k —a) —x(k —b),

k—a
2
Qb =x(k— _p) - —
ap =2k —a) +x(k—0b) b_a_l_lu;k_bx(u),
ngb:m(k—a)—zc(k—b)
6 k—a
+b—a+1uz:_bx(u)
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_(b—a—|—2 b—a+1) Z Z

s——bu k+s
1 k—a
93 = -a)— ———
p=alk—a) = ;g Y alu),
u=k—b
9 k—a
4 e —
Qpp =2(k - )+b—a—|—1 Zx(u)
u=k—b
_(b—a—|—2 b—a+1) Z Z
s——bu k+s
1 k—a
b:m(k—b)—m Z z(u),
u=k—b
4 k—a
6
Qup =2(k—b) - — x(u)
u=k—b
(b—a—|—2 (b—a+1) Z Z
s=—bu=k+s
Bé dé 2.3. 2! Cho hai ma tran cép n x n,

Ri > 0, Re > 0, hai vécto w1, wy € R™ va
mot s6 o € (0,1). Néu ton tai hai ma tran cap
= XlT,XQ
n xn, Y1,Ys sao cho

nxn, Xi = XQT va hai ma tran cdp

R _TXl Y >0, 73% Y, >0,
Yl Ro Y2 Ro— Xo
(10)
thi bat ding thic sau ding
— T —
&(t) > ["” &1(t) ‘”1] SNHY
w9 w9
trong do
1_ N 1 _
G(t) = aw{lel + = angQWQ, (12)

Ri+(l—-a)X; a1+ (1-a)Ys

Gl(t) - * Ro + aXs

(13)

Bo dé 2.4. ' Mot ham da cho f : [a,b] x
[c,d] ¢ R? — R, (x,y) — f(x,y). Gid st
rang ‘327]; >0, Y(z,y) € [a,b] X [c,d] va giyg >
0, Y(z,y) € [a,b] X [¢,d]. Khi dé, ta cé

max x,y) =
(:U,y)e[a,b]x[c,d]f( y)

max{f(a,c), f(a,d), (b,c), f(b.d)}. (14)
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3. CHAN HAM TUYEN TINH TRANG
THAI

Nhitng ki hiéu sau can dé dua ra két qua chinh:

hia = hy —hy, p=max{|u], |p2l},

h(k) — hy hy — h(k)
(6 = e —— =,
hi2 b hi2
1 k—a
i) = gy 2 )
s=k—b
1

b—at)b—at2)

—a k—a
Z Z z(u
s=—bu=k+s
'(k) = col{x(k),z(k — hy),z(k — h(k)),

x(k = ha),vo,n, (k) Vhy wiy (K),
Vi(k),he (K)5 00,81 (K) s 0hy iy (K)

Oh(k),he (k) (k= h1 + 1),
(k_h2+ ),W(k’)},
€ = [Onx(i—l)n I, 071><(13—i)n]T7
1=1,---,13,
- w(k)
w( ) 0(n7p)><1 y 21 [ nx(nfp):|7
es = Ael + Agel + Brel,,
no(k) = col{xz(k),z(k — hy),x(k — ha),
k-1
Y )},
s=k—hq
k—h1—1
m(k) = colfm(k), Y a(s),
s=k—ho
-1 k—1
> D e}
s=—hy1 u=k+s
m(k,s) = col{y(s) Zy
k— h1 1
m(ks) = col{y(s), =(s), Y y(u)},

T
Iy = [ef e, ey (hi+ 1)6:{ - EQT]

I, = [er{ e2T e4T (h1 + l)eg — elT

9
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{(hg — h(k) + 1)el + (h(k) — hy + 1)el
—e3 — ey}
(hy + D) (k1 +2)el — (hy +1)e]]"
M= [ —ef -] el
T
e el ()] )

Y

I

T T 1T 1T
11— €2 € 0]

)

9

[
IIg = [6{2 — 64T e{ 62T — eﬂT
[

Mg = [efy —ely {(ha = h(k) +1)e]
+(h(k) = h1+ 1)eg —e5 —ej }
{h12e5 — (ho — h(k) + 1)el
—(h(k) = b + 1)l +eb + eI},

p1=lel —ed V3(el +eb —2el)
T
Vi(el — el +6el - 1268T)} ,
p= [ VB 4] -2l
T

V5(ed — el +6el — 126?;)} ,

p3 = _eg —eb V3(el +el —2el)

T
V(€] = ] + el — 12¢8y)]

- 1T

pr=|V2(el —e5) 2(e] +2e5 —6eg)|
- 1T

ps=|V2(es —e5) 2(e; —des +6eg)|
T

po=|V2(es —e5) 2(eg +2e5 —Geg)

r T
pr=[V2e] — ) el +2e] —6ey)|

ps=|V2(es —e5) 2(es — deg + Geg)

r T
po=|V2eT —ef) 2] —4ef +6ely)|

P10 = [Pg ,O:S,F]T, P11 = €s — €1,

_ Ry+(1-a)X; aYi+(1—a)Y,
* RQ +06X2
Ry = diag{R;, Ri, R;}, i=1,2,

Zj = diag{Z]—, ZJ’, Zj}, ] = 3,4,
7y = diag{Z;, Z;}, 1=1,2,34.

01

Dinh 1y 3.1. Gid st ton tai hai s6 thuc r > 1,
B >0, mot ma tran cip 6n x 6n, P > 0, hai ma
tran cap 3n x 3n, Q@ > 0, S > 0, sdu ma trin
cépnxn, Ry >0, Ry >0,21 >0, Zy >0,
Z3 > 0, Zy > 0, hai ma tran doi zing cdp
3n x 3n, X;, i =1,2, hai ma trgn cap 3n x 3n,
Y;, i = 1,2, sao cho nhiing bat ding thic ma
tran tuyén tinh sau ding

Ry + 73— X3 Y
s, (15
* R2+Z4 ( )
Ry + 73 Y,
! >0, (16
* R2+Z4—X2] ( )

Q(h(k)) <0, Vh(k) € {h,ha}, (17)

thi gid tri tuyét doi cia z(k) bi chdn trén bdi
ﬁ, tice la, |z(k)| < ﬁ =, Vk=1,2,...,
trong do

Q(h(k)) = U1 (h(k)) — D2 (h(k)),
Uy (h(k)) = BelUTUe, — Brtel UTUe,

+ Sym{I1T PTI, + 1T QTI5 + »~™117STIo}
+ I3 PIL, + (1 — = Y1 PIL, + 112 QI3
—hap(T e
—-T 1H4 QH4 + 7,—17_11_[5 QH5

+ 7ML STI; — 7210 STl

rhe

h1
+ ﬁHgSHg + h%p{lfhpll
hi(h;1 +1
1(12>P1T1(Zl + Z2)p11

T 1—r7t
plZs + Zo)pn = ——5—1I

m

+ hiapt; Ropri +
N hia2(hia + 1)
2
Uy (h(k)) = r " pf Rapr + 77" pf Zipa
+ 1ML Zops + 17" pf Zspe
+r "2l Zspr + 172 pl Zypg
+ 17208 Zapg + 172 plO1p10.
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Ching minh. Xét ham Lyapunov-Krasovskii
sau:

V()= Y Vi) (18)

trong do

Vo(k) = Bzl (k)UTUx(E),
Vilk) = m (k)Pm()

-1
Z g (k, 5)Qna (k)

Va(k) =
s=k—hq
k—h1—1
+ Y gk, ) Sa(k, ),
s=k—ho
-1 k—1
Va(k) = he Y > oy T (u) Ryy(u)
s=—hy1 u=k+s
—h1—1 k-1
+ hiz Z Z Ry T () Roy(u),
S—*hzu k+s
-1 -1 _
W o= NS Rz

s=—hy u=s v=k+u

-1 s k—1
+0 YN R (0) Zay(v),

s=—h1 u=—h1 v=k+u
—h1—1—-h1—1 k-1

Vik) = Y > > R () Zgy(v)
s=—hy u=s wv=k+u
—hi1—1 s
+ Z Z Z 7,1+v k T Z4y( )

s=—ha u=—ha v=k+u
Theo gia thiét ta co
V(k) > Vo(k) > Blz(k)|*, k=1,2,---. (19)
Tinh sai phan ctia V, ta thu duge

AVy(k) =Vo(k +1) — Vo(k)

+ (1= YVo(k) + (' = DVo(k)
=Vo(k+1) = r Vo (k) + (r~" = 1)V (k)
:BxT(k + l)UTUm(k +1)

—r 18T () UT U (k)

+(r = 1)Vo(k)

AVi (k) =An{ (k)PAny (k) + 2807 (k) P (k)
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+ (L= r"Y)nf (k)P (k)

+ (7 = DVA(R),
AVy(k) =Va(k +1) = Va(k)
+ (1= Va(k) + (r~' = 1)Va(k)

k
s=k—h1+1
k—h1

3

s=k—ho+1
(k+1,8) —r Wa(k) + (r*

r 7y (k+1,5)Qna(k + 1, )

rFnl (k 4+ 1, 5)Sn3

— 1)Va(k).
Hai vécto ma(k +1,8), n3(k + 1, s) duge viét lai
nhu sau:
mk+1,s) = ipk)+n(ks)  (20)
ns(k+1,5)

I
I
w
—

=N
N

trong do

(k) =[0 0 y" (K)]", (k) = [0 0 y" (k—ha)]".
St dung (20) va (21), ta c6

k

AVa(k) = v Fng (k)Qia(k)
s=k— h1+1
+ Z r*~Fg (k, 5)Qna(k, s)
s=k—h1+1
k
+2 Y g (k,5)Qa(k)
s=k—h1+1
k—h1
+ Y R (k) Sms(k)
s=k—ho+1
k—hy
+ Z r~*nI (K, 5)Sns(k, s)
s=k—ho+1
k—hy
+2 > T (k, 5)S7s(k)
s=k—ha+1
LY Q)
s=k—hq
k—hi1—1
— 3 el (k) Sma ()
s=k—ho

+ (7 = )Va(k)
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—h1 _
L R)QmR) + nf (k, H)Qm (k. )

—r =ML (ke k — h)Qua(k, k — hy)

k

+2 ) g (k, 5)Qna (k)
s=k—h1+1
ph2 — p=h

T _
+ﬁ773 (k)Sn3(k)

+r M (k, k — hy)Sns(k, k — hy)
r=h2nE (ke k — ha)Sns(k, k — ha)

k—hq
+2 ) *na (k. 5)Sm (k)
s=k—ho+1
+(rt = 1)Vy(k)
rh 1
< 14_17_177;(’?)@772(’?) + 115 (k, k)Qna(k, k)
Mt (k k — hy)Qna(k, k — hy)
k
+2 Z 772T(ka S)QﬁZ(k)
s=k—hi1+1
r~he _ p=h1
+ﬁﬁg(lﬂ)5ﬁ3(k>
+r "Ik, k — hy)Sns(k, k — hy)
rh2nd (k k — hg)Snz(k, k — ho)
k—h1
+2r~ M Z nt (k,s)Sms(k)
s=k—ho+1
+(r = 1)Va(k),
AVs(k) = Va(k+1) - Va(k)
+(1- T_l)Vs(k‘) +(r = 1)Va(k)
= I Z Z ru—k T Rly( )

s=—hi u=k+s+1
—h1—1

+h12z Z ukT

s=—ho u=k+s+1

-1 k—1
—h Y Y Ry (w)Riy(u)

s=—h1 u=k+s
—h1—1 k-1

—hia > Y Ry (u) Ry (u)

s=—ho u=k+s
+(r = 1)V3(k)
= iy (k)Riy(k) + hiy" (k) Roy(k)

u) Roy(u)

AVy

IN

k—1

h Y T () Riy(s)
s=k—h1
k—h1—1

—hio Z "y () Ray(s)
s=k—ho

+(rt = 1)Va(k)

< hiy" (k) Riy(k) + hisy" (k) Roy(k)
k-1
—r"he Yyt (s)Riy(s)
s=k—h1
k—h(k)—1
—r"hyy >y (s)Rayls)
s=k—ha
k—hy—1
—rh2py, Z y" (s)Ray(s)
s=k—h(k)
+(71_1 - 1)%)(k))
Vi(k +1) — Vi(k)
+(1 - r‘1>V4(k) + (7t = 1)Va(k)
-1 -1
Z Z Z v k T (U)
sf—h1u s v=k+u+1
s k
Z >, 2 T 4w

s=—h1 u=—h1 v=k+u+1
-1 -1 _
Y S T Zute)
s=—hy u=sv=k+u
-1 s k—1
=Y Y R (v) Zay(w)
s=—h1 u=—h1 v=k+u
+(r™h = 1)Va(k)

MUY vy (2, + Zo)y(h)

2
—1 k—1
=Y R () Zyy(w)
s=—hy1 u=k+s
-1 k+s
=0 > T (w) Zoy(u)
s=—h1 u=k—h1
+(r = DVa(k)
hi(h1 +1
“;)y%)(zl + 2yl
-1
—r~h Z Z y" () Zry(u
s=—hy u=k+s

Journal of Science - Quy Nhon University, 2020, 14(1), 25-35 | 31



KHOA HQC

TRUONG DAI HOC QUY NHON

-1 k+s
D DD DA OrAC
s=—hy u=k—hy

ot - DVi(k),

AVs(k) =Vs(k +1) = Vs (k)
+(1—r‘1)V5(k) +(r”

—h1—1—-h1—-1

—1)Vs(k)

Y Y ez
s=—ho u=s v=k+u+l

—h1—1 s
LYY Y e

s=—ho u=—ho v=k+u+1
—hi1—1—-h;—1 k-1
=0 > Y Y (0) Zsy(w)
s=—hy u=s v=k+u
—h1—1 s
S oIDsWEEENE
s=—ho u=—ho v=k+u
+(rt = 1)V3(k)
hia(hi2 + 1
P22 D ey 24+ Zuywh
—h1—1k—h;—1
= Y Ry (w) Zsy(w)
s=—ho u=k+s
—h1—1 k+s
=Y M (w) Zay(u)
s=—ho u=k—ho
+ (7 = 1)Vs (k)
hia(hi2 +1
< ”‘;"‘)y%)(zg + Zu)y(k)

—1k—h(k)—1
Z Z w) Z3y(u
s=—ho u=k+s
k—hi—1
"(ha = h(k)) ),
u=k—h(k)
—hi—1 k—h1—1

Z 2 v () Zyl

s=—h(k) u=k+s

y" (u) Zsy(u)

E)=1  k+4s

=YY

s=—ho u=k—ho
k—h(k)-1

(k) b)Y

u=k—hso

y" (u) Zay(u)
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—h1—1 k+s

Y Z u)Zay(u

s=—h(k) u=k—h(k
(= 1)Va(E).

Do do, ta thu dugc

AV (k) + (1 —r YV (k)

1—rt
- ()
< ()W (h(K))E()
k—1
= Mhy >y (s)Ruy(s)
s=k—hq
k—h(k)—1
= Mhyy Y yT(s) Ray(s)
s=k—ho
k—h1—1
— 17 "2hyy Z y" (s)Ray(s)
s=k— h(k)
-1
rh Z Z u)Z1y(u
s=—hy u=k+s
-1 k+s
rh Z Z u) Zoy(u
s=—h1 u=k—h1

7h(k) 1k—h(k)—1
Z Z u) Zzy(u
s=—ho u=k+s
k—h1—1
"2(hy = h(k)) )
u=k—h(k)
—h1—1 k—h1—1
Z Z u) Z3y(u
s=—h(k) u=k+s
—h(k)=1 k+s

" D VWil

s=—ho u=k—ho

y" (u) Zsy(u)

k—h(k)-1
=2 (h(k) =) >y () Zay(u)
u=k—hso
—h1—1 k+s
Z Z u) Zgy(u
s=—h(k) u=k—h(k

Bing viec sit dung bat ding thic trong B6 dé
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ha—h(k .
A, ta co

2.2 v6i o = MM g haoh

hi2

k—1

—T‘_hl h1 Z

s=k—hq

<M (k) {—p]r M Rip1 }¢(K),

y" (s)Ruy(s)

k—h1—1

"2, Z

s=k—h(k)

< —r T ()] Ropn (1) 22)

y" (s)Ray(s)

k—h(k)—1

—T’ihzhm Z

s=k—ha

&7 (k){p3 Raps}&(k), (23)

y" (s)Roy(s)

1
< —r_hZ—
- B
k—h1—1

—r7"2(hy — (k) Z

s=k—h(k)

P (1 - 1) ) (T Zopa}(k), (24)

y" (u)Zsy(u)

y" (u) Zsy(u)

< _yho (; - 1) ()T Zups}e(k), (25)

-1
S Y

s=—hy u=k+s
<N (k){—pir™ " Zipa}e(k),

-1 k+s
D DD DR AT
s=—h1 u=k—hq

< &N (k){~p5 ™" Zops YE(k),

—h1—1 k—h1-1

"D v syl

s=—h(k) u=kts
< (k) {—pgr " Zsps}e(k),

—h(k)-1k—h(k)-1
Z Z u) Zzy(u
s=—hy u=k+s

< N (k) {—plr=" Zspr}e(k),

—h1—-1 k+s

> Z u) Zay(u

s=—h(k) u=k—h(k
& (k) {-p5r™ h2Z4ps}£( ),

kE)=1  k+s

Y iz

s=—ho u=k—ho
<N (R){—py " Zupg}&(k),
Tit (22)-(25), st dung Bo dé 2.3, ta 6

1, 1. -
rh2el (k) {—apg(Rz + Z3)p2 — Bﬂ?(Ra

P2
o]V

—T_hQP{o@lplo} (k).

T r~
Zs 0
0 Z

P2

+Z4)P3 +
P3

<€ () {
T trén, ta thu duge
1—rt

2
m

AV(k) + (1= YV (k) —
<M (R)Q(R(R))ET (k) <0

Ap dung B6 dé 2.1, ta c6 V (k) < 1, Yk > 0. Két
hop bat déng thiic nay véi (19), ta thu duge:

" w (k)w(k)

1
z2(k)| £ —=, k=1,2,..., 26
|2(k)] 73 (26)
Dinh Iy dugc ching minh. O]

Nhan xét 3.1. (i) Dinh 1y 3.1 dva ra chan ham
tuyén tinh trang thai z(k) = Uz(k). Diéu nay
kéo theo rang tap dat dugc ctia hé théng duge
bao bdi mot dai xac dinh bdi hai nita khong gian
c6 ciing phap véc to U. Do d6, bang cach chon
mot s6 hitu han céc véc to U va giao cac dai
chan ham tuyén tinh trang thai tuong ing, ta
sé thu dudec mot da dién 16i bao tap dat dudc
clia hé thong.

(ii) Néu ta chon U la cac vec to don vi thi i
trong R™, tic la

U=[00 "1 0 --- 0]eRX"
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thi ta sé thu duge chan timg thanh phan x;(k),
i=1,---,n cla vec to trang thai z(t). Va két
qué la ta thu dugc mot hinh hop bao tap dat
dugce clia hé thong.

(iii) Néu thay tich U”U bing mot ma tran
xac dinh duong Py, thi Dinh 1y 3.1, ta sé cho
diéu kien di dé bao tap dat dudc bing hinh
elipxoit €(Py,1) = {x € R" : 2T Pyz < 1}. Giao
hinh da dién thu dugc 6 (i) véi elipxoit (P, 1),
ta thu dugc mot bao tap dat duge nhd hon.

4. ViDU $O

Vi du 4.1. Xét he (1) v6i nhiing ma tran sau:
A - 0.8 —0.01 A= —0.02 0 ’
—-0.5 0.09 -0.1 -0.01

0.15

B - [0'01], h(k) € [0, 15] va w(k) = sin(Tk).

Trong vi du nay chiung t6i tim chan cho 3
ham tuyén tinh trang thai |z;(k)| = |Uiz(k)|,
i=1,23v6iU =11 0,U =1[0 1] va
Us = [-1 1]. Giai LMIs (15)-(17) ctia Dinh 1y
3.1, cac chan trén cho ba ham tuyén tinh thu
dugce 1a: |z1(k)] < 0.048 tai r = 1.17, |za(k)| <
0.180 tai r = 169.6 |z3(k)| < 0.161 tair =
112.75. Bang 1 chi ra ring cac chin thu dugce béi
phuong phéap da trinh bay nhd hon cac chan thu
dugc béi phuong phéap trong.? Hon nita, phuong
phap trong? 1a khong khé thi v6i truong hop thi
ba. Diéu nay chitng t6 phuong phép dua ra clia
chiing t6i 1 hitu hiéu hon phuong phép trong.”

Bang 1. Cac chan tinh duge

Phuong phap | |21(k)| | |22(k)| | |23(k)|
Dinh 1y 3.1 2 | 0.060 | 0.48 -
Dinh 1y 3.1 0.048 | 0.18 | 0.161

Mat khac, Hinh 1 ciing chi ra ring khi lay
giao ctia hinh elipxoit v6i 3 dai (dai ding chan
z1 = 11, dai ngang chan zy = 9 va dai xién chan
z3, ta thu dugc mot tap nho hon hinh elipxoit
bao tap dat dugc clia hé thong.

x=K,y=k-161/1000
025 ' e

0.1

008 I

005

DAF N I

g
015 /
02 /
025t i v . . .
03 02 <01 0 0.1 0z 0.3
X

Hinh 1. Quy dao hé théng va cac chin
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