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LOI CAM DOAN

To6i xin cam doan day la cong trinh nghién cttu cta riéng t6i, duge hoan
thanh dudi sy huéng dan cia GS. TSKH. Vii Ngoc Phat. Cac két qua viét
chung véi tac gid khac da duge sy nhat tri clia dong tac gid khi dua vao luan
an. Cac két qua dugc phat biéu trong luan &n 1a hoan toan trung thuc va chua

ting dugc ai cong bd trong bat ctt mot cong trinh nao khac.

Nghién cttu sinh

Lé Anh Tuin



LOI CAM ON

Luan an dudc thie hién va hoan thanh dudi sy huéng dan nghiem khic,
tan tinh, chu dao cia GS. TSKH. Vi Ngoc Phat. T6i xin bay to6 sy kinh trong
va long biét on sau sic dén Thay, ngudi da diu dit t6i bude vao nghién ctiu
khoa hoc trong gan mudi nam qua. Ngoai nhitng chi din vé mat khoa hoc, s
dong vién va long tin tuéng ma Thay danh cho t6i luon 14 nguon dong luc 16n
thic day toi trong tién trinh nghién ctu.

To6i xin tran trong gii 10i cAm on dén Ban Giam hiéu, Phong Sau Dai hoc,
Ban Chu nhiém Khoa Toan - Tin, Truong Dai hoc St pham Ha Noi, dac biét
1a céc thay co gido trong Bo mon Giai tich, Khoa Toan - Tin, Truong Dai hoc
St pham Ha No6i da ludén gitip do, dong vién, tao moi truong hoc tap nghién
cttu thuan 1gi cho toi trong sudt quang thoi gian lam nghién ciu sinh.

To6i xin bay té long biét on dén Ban Giam hiéu truong Dai hoc Khoa hoc
Hué, cac thay co va cac anh chi em dong nghiép cong tac tai Khoa Toan,
Trudng Dai hoc Khoa hoc Hué da tao moi diéu kién thuan 1gi dé hd trg toi
trong subét qua trinh hoc tap va nghién ctu.

Toi xin duge danh 161 cam on sau cung cho dai gia dinh cta t6i, moi ngudi
da luon yéu thuong, chia sé, dong vién toi vugt qua moi kho khan, thit thach

trong khoa hoc ciing nhu trong cudc séng dé hoan thanh luan an.
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DANH MUC CAC KY HIEU

tap cac s6 thuc va tap cic s6 thiye khong am tuong ting
tap cac s6 nguyén khong am

tap cac s6 tu nhién

tap cac s6 phic

phan thuyc clia s6 phiic s

khong gian Euclide thiyc n chiéu

khong gian cac ma tran thyc cé kich thuée (n x r)

n
tich vo huéng clia hai véc to z,y tren R" : 2Ty = > 2,y
7 N
chuan Euclide ctia véc to = € R", ||z| = ( > xf)
i=1

ma tran vuong don vi véi s6 chieu pht hop

cidc phan tit dudi dudng chéo chinh ctia mot ma tran doi
xung

ma tran chuyén vi clia ma tran A

ma tran nghich ddo ciia ma tran A

viét tat cia (A~H)T

tap hop tat ca cac gia tri riéeng clia ma tran A

= max{ReX: A € \(4)}

:=min{ReA: A € A\(4)}

gia tri suy bién (singular value) 16n nhat ctia ma tran A
A la ma tran nita xac dinh duong, tic 2" Az > 0 Vo € R”

A 13 ma tran xac dinh duong, tiic 2T Az > 0 Vo € R™\ {0}



diag{A1,..., A, } ma tran dudng chéo v6i A; 1a phan ti thit ¢ trén duong chéo

K tap cac ham lién tuc khong gidm v : Ry — Ry, u(0) =
0, u(s) >0 Vs >0

C([a,b],R™) khong gian cac ham lién tuc trén [a,b], nhan gia tri trong
R” v6i chuan ||z]|c = Jnax, l|lz(t)]]

C1([a,b],R") khong gian cac ham kha vi lién tuc trén [a, b], nhan gia tri
trong R" véi chuan [jz[cr = Jnax {{lz(&)]], [l2()]}

L?([0,00),R™)  khong gian cac ham w : [0,00) — R™ binh phuong kha
tich trén [0, 00), nghia la THw(t)Hth < 00

0

LMI bat dang thitc ma tran tuyén tinh (viét tit ctia cum tit tiéng
Anh “linear matrix inequality”)

FTS tinh 6n dinh trong thsi gian hitu han (viét tat ctia cum ti
tiéng Anh “finite-time stability”)

LS tinh 6n dinh Lyapunov (viét tit clia cum tit tiéng Anh
“Lyapunov stability”)

RFDE phuong trinh vi phan ham c6 tré (viét tat ctia cum tir tiéng

Anh “retarded functional differential equation”)



MG DAU

1. LY DO CHON DE TAI

Ly thuyét on dinh 1a mot nhanh quan trong ctia 1y thuyét dinh tinh cac
hé phuong trinh vi phan ma duge nha toan hoc ngusi Nga A.M. Lyapunov
khéi xuéng tit nhitng nam cudi thé ky XIX. V6i bé day lich st hon mot thé
ky nhung dén thoi diém nay 1y thuyét 6n dinh Lyapunov van con la mot linh
vife nghién ctu c6 stic 16i cudn rat 16n clia toan hoc véi ngay cang nhiéu ting
dung quan trong dude tim thay trong co hoc, vat 1y, hoa hoc, cong nghe thong
tin, sinh thai, moi truong, v.v... va né cling tré thanh moét nhanh nghién citu
khong thé thiéu trong ly thuyét he thong va tng dung [18, 20, 24, 29, 30].

Cung v6i tinh 6n dinh nghiém, ngudi ta con quan tam t6i viec thiét ké mot
bo diéu khién sao cho khi né tac dong vao mot hé diéu khién, hé tré nén on
dinh. Bai toan nay dudc goi 1a bai toan on dinh hoéa hé diéu khién va ngudi ta
bat dau nghién cttu tinh 6n dinh héa dude ctia hé diéu khién tit nhing nam
1960. Mat khéc, trong cac mo hinh toan hoc (duge xay dung tir céc bai toan
ky thuat trong thyc tién) thuong xuat hién do tré thoi gian. Cac dai lugng
tré dé hinh thanh mot cach tu nhién, khong thé tranh khoi trong qua trinh
truyen tai, xit Iy dit lieu vA ngudi ta chi ra duge rang sy hién dién clia né sé it
nhiéu anh hudng dén dang diéu va tinh chat ctia he, trong dé c6 tinh én dinh,
mot tinh chat thiét yéu trong cac hé ky thuat [18, 28, 43]. Chinh vi vay, viéc
nghién cttu tinh 6n dinh va diéu khién cho cac hé cé tré 1a bai toan c¢6 ¥ nghia
thue té, da va dang duge nhiéu hoc gid quan tam trong nhitng nam gan day

2, 8, 12, 14, 41, 57]. Cac hudng nghién cttu quan trong bao gom viéc danh gia



dinh tinh su phu thudc do tré ctia tinh 6n dinh ciing nhu xay dung céc tiéu
chuan mdi, tan tién hon dé cé thé 4p dung cho nhiéu mo6 hinh téng quat va
phitc tap hon, phu hgp véi cac mo hinh ky thuat hién dai.

Bén canh do, cac qué trinh trong thiyc tién thuong xdy ra mot cdch khong
chic chan (nghia la, c6 sy xuat hién ctia cac dai lugng “nhiéu” he thong). Cac
nhiéu nay cé thé xuat hién do sai s6 van hanh, do anh huéng 1an nhau gitta
cidc thanh t6 trong hé thong hodc gitta cic hé thong khac nhau. Vi vay, viéc
doi héi phai biét chinh xac tat ci cac tham sb ciia hé trong mo hinh 1a dieu
khong tudng hodc rat khé van dung trong thuyc té. Do d6, viec danh gia toi
uwu mic d&nh hudng clia nhiéu déi v6i dau ra ctia he thong (bai toan Hso) 1a
bai toan c6 tinh thoi sy, duge nhiéu nha todn hoc va k§ st quan tam nghién
citu. Cac cach tiép can khac nhau da dudc phét trién va mot s6 lugng 16n cac
két qua quan trong vé diéu khién H., cho nhiéu 1ép hé c6 tré da dudc cong
b trong thoi gian qua [4, 8, 13, 44, 51, 53, 57, 59, 64]. Tuy vay con nhiéu van
dé mé thia vi va quan trong trong ca ly thuyét 1an tng dung van chua dugc
gidi quyét, dic biet 1a cac két qua hién c6 vé bai toan Ho cho céac 16p heé diéu
khién c6 tré tong quat con kha khiem tén va can dudgc tiép tuc nghién citu sau

hon. D6 chinh 1 dong luc dé ching toi thuc hién dé tai nay.
2. TONG QUAN TiNH HiNH NGHIEN CUU

Trong céch tiép can theo mién thoi gian (time-domain approach), phuong
phap Lyapunov truc tiép la mot cong cu hitu hiéu dé nghién ctu bai toan 6n
dinh va diéu khién H. cho cac hé c6 tré nhu: hé tuyén tinh, hé phi tuyén, hé
no-ron, hé suy bién, v.v... Qua do, cac diéu kien giai bai toan diéu khien H.o
cho hé 6-t6-nom sé dugce thiét lap dudi dang céc bat dang thic ma tran tuyén
tinh hoac phuong trinh Riccati dai s6; con vdi hé khong 6-t6-nom thi cac diéu
kién giai bai toan nay sé dugce thiét lap thong qua cic phuong trinh Riccati vi

phan. Hé no-ron c6 tré vira dugc dé cap dén & trén 13 mot 16p hé phuong trinh



vi phan ham dac biét, da dugc nghién cttu mot cach rong rai trong hon hai
thap k¥ qua bdi nhitng tng dung thanh cong ctia né trong nhiéu linh vire nhu:
bo nhé két hop (associative memory), nhan dang va phan loai mau, xit 1y tin
hieu, x1t Iy 4nh, gidi cac bai toan t6i wu, v.v... Mic dit da c6 mot s6 cong trinh
dé cap dén bai toan diéu khién H, cho cic hé no-ron c6 tré [35, 40, 46, 47, 48]
nhung chii dé nay con lau méi dat duge su tron ven va didu nay thic day su
quan tam dang ké ctia ching toi trong luan an nay.

Vi Iy do dé, 16p hé dau tien duge dé cap trong luan 4n vé bai toan diéu
khién H 1& hé no-ron c6 tré bién thien hén hop (nghia 1a yéu to tré gom hai
loai: tré dang roi rac va tré dang tich phan):

t

#(t) = —Aa(t) + Wof (@(t) + Wigla(t — h(t)) + W / | s

+ Bu(t) + Cw(t) (1)
z(t) = Ex(t) + Mx(t — h(t)) + Nu(t), t=0,
z(t) = p(t), t € [—d,0], d=max{he,k},
§ day x(t) = [z1(t), x2(t), ..., 2, (t)]T € R™ 1a véc to trang thai ciia he no-ron;

(
(

ma tran duong chéo chinh duong; Wy, W1, Wy, B,C, E, M, N la cac ma tran

u(t) € R™ la véc to diéu khién; w(t) € R” 1a bién nhidu/khong chic chin;
z(t) € R® 1a ham quan sat dau ra ctia he no-ron; A = diag{ay,az,...,a,} 1a
thuc cho trude c¢6 s6 chiéu thich hop; f(+), g(+), c¢(-) 1a cac ham kich hoat clia
he; h(t), k(t) 1a cac ham tré ctia he théa man diéu kien 0 < hy < h(t) <

ho, 0 < k(t) < k.
Nam 2009, bai toan 6n dinh mii cho hé no-ron
i(t) = —(A+AA(1))x(t)+(Wo+ AWy (1)) f (z(t)) + (W1 + AW (2)) f(z(t—h(t)))

v6i ham tré h(t) bién thién lien tuc dang khoang va c6 dao ham bi chan da
duge xét bdi Kwon va Park trong [32]. Con bai toan 6n dinh héa duge dang

mil thi dugc cac tac gid Phat, Trinh [45] dé xuat vao nam 2010 cho hé no-ron
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véi tré hon hop
t
i(t) = —Ax(t) + Wo f(x(t)) + Wig(a(t — h(t))) + Wa / c(z(s))ds + Bul(t),
t—k(t)

trong d6 cac ham tré h(t), k(t) duge gid thiét thoa man diéu kien: 0 < h(t) <
h, h(t) <o0<1,0< k() <k Vt>0.Khong lau sau do, két qua nay duge
mdé rong sang truong hgp tré roi rac h(t) 14 ham lién tuc, nhan gia tri trong
mot khoang bdi hai tac gid Thuan, Phat trong [52]. Nam 2012, Sakthivel va
cac cong su [47] xét bai toan diéu khién H, cho hé no-ron c6 tré hén hop (va

khong c6 tré trong ham quan sat)

i(t) = —(A+ AA)z(t) + (Wo + AWo) f(z(t)) + (W1 + AWq)g(x(t — h(t)))
+ (Wa + AWS) /tik(t) c(x(s))ds + u(t) + (C + AC)w(t),

2(t) = Fx(t),

véi cac ham tré h(t), k(t) thoa man: 0 < h(t) < h, h(t) < 6, 0 < k(t) <
k ¥Vt > 0. Trong cong trinh nay, cac tac gia da thu dugc tinh dn dinh héa
dugc dang tiem can va dieu kien H.,. Sang nam 2013, cic tac gid Phat, Trinh

[46] tiép tuc nghién cttu bai toan diéu khién H., cho hé no-ron c6 tré

i(t) = —Axz(t) + Wo f(z(t)) + Wig(z(t — 71(2))) + Bu(t) + Cw(?),
2(t) = Ex(t) + Mh(x(t — 2(t))) + Nu(t),

v6i cd hai truong hop duge xét: cac ham tré 71(t), »(¢) 1a kha vi va c6 dao
ham bi chan trén bdi mot sé thuc duong bé hon 1 hodc cac ham tré 1a bi chin
nhung khong nhat thiét kha vi. T d6, cac tac gia da thu dugce tinh én dinh
héa dude dang mil va diéu kien H.o ting v6i mdi truong hop.

Nhu vay, cac két qua da néu & trén vé tinh 6n dinh va diéu khién H.o phan
16n déu bi han ché bdi gid thiét do tré 13 ham kha vi va c6 dao ham bi chin
trén hosic don gian chi 14 ham bi chan. Hién nay viéc nghién cttu bai toan diéu

khién H., cho 16p hé phuong trinh (1) v6i do tré h(t) lien tuc, khong doi héi
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tinh kha vi v& nhan gia tri trong mot khodng néu trén van chua nhan duge su
quan tam thich dang clia cac nha nghién cttu (luu ¥ rang ham tré lac d6 duge
phép bién thién nhanh theo thaoi gian va can duéi by ciia né khong nhat thiét
phai bing 0). Trong béi canh d6, chiing toi dé xuat bai toan diéu khién H.
cho hé (1). Trén thyc té, bai toan nay la tuwong ddi kho dé gidi. Ly do 1a béi
cac khé khan sé phat sinh khi chiing ta c6 ging rit ra cac diéu kién nhim 6n
dinh héa hé khi khong c6 nhidu dong thsi ddm bdo hiéu suat ctia hé khi ¢
nhiéu, dic biet khi tré thoi gian bién thién lién tuc dang khoang, khong doi
héi tinh kha vi xuat hién 6 cd ham trang thai vd ham quan sat. Cac phiém
ham Lyapunov—Krasovskii hién ¢6 trong céc cong trinh lién quan [40, 46, 47|
khong thé st dung dé giai quyét van dé dit ra cho hé (1) khi chiing hoac 1a
sé khong thé xit Iy duge khia canh khong kha vi ctia ham tré hoac sé dan td6i
cac bat dang thiic ma tran rat phiic tap. Vi thé, ching t6i tim cach phat trién
cac ki thuat da co trong [7, 25, 52] dé xit Iy bai toan nay. Bing cich xay dung
cidc phiém ham Lyapunov—Krasovskii méi, mot diéu kién du giai bai toan diéu
khién H., cho hé (1) duge thiét 1ap thong qua cdc LMI ma c6 thé giai duge
mot cach don gidn thong qua cac thuat toan trong [16].

Su6t may thap ky qua, tinh 6n dinh tiém can Lyapunov (xem xét dang
dieu dong lyc ctia he trong khodng thai gian vo han) gan nhu théng tri trong
Iy thuyét on dinh hé théng. Thudng thi tinh 6n dinh tiém can 1a di cho cac
ting dung thuec tién, tuy nhién trén thuye té, doi khi ngudi ta chi quan tam dén
dang diéu ctia hé trong mot khodng thdoi gian hitu han ¢d dinh cho truéc nao
dé. Lic nay, phuong phap Lyapunov truyén thong khong con ding duge nita
va nita dau thap nieén 1950 1a cot mbc danh diu su ra doi cta khai niem on
dinh trong thoi gian hitu han (ma doi khi ta sé goi tit 1a 6n dinh hitu han)
[5, 26]. Ung v6i tinh én dinh trong thoi gian hitu han ta c6 bai todn diéu khién
Hoo trong thoi gian hiw han. V6i su phat trién ciia may tinh ky thuat so, 1y

thuyét hé thong véi thoi gian rdi rac déng mot vai tro quan trong trong ly
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thuyét dieu khién. Trong cac hé théng thuc, hé théng véi thoi gian roi rac
thuong xuat hién nhu 1a két qua ctia viéc 1ay mau hé théng véi thoi gian lien
tuc; hoac khi chi dit lieu rdi rac 1a sin c¢6 dé dung; hosic khi may tinh tham gia
vao vong diéu khién. Cac hé théng véi thai gian r6i rac ton tai rat nhiéu trong
cac hé thong xa hoi, phan tich chudi thai gian, v.v. Hién nay s6 lugng cong bd
c6 lien quan dén tinh én dinh va diéu khién H.. trong thoi gian hitu han cho
cic 16p hé rdi rac c¢6 tré con kha it 6i va cac két qua thu duge thuong chi han
ché cho cac 16p he khong c6 tré va hé c6 tré hang; truong hop tré bién thien
van chua nhan dude sy quan tam mot cach thich dang va can dugc tiép tuc
nghién citu sau hon. Xuat phat tit thuc té do, bai toan thit hai dugde ching toi
quan tam trong luan an nay la bai toan diéu khién H.o trong thdi gian hitu

han cho 16p hé rdi rac tuyén tinh c6 tré bién thién dang khoang:

x(k+1) = Ax(k) + Aqge(k — d(k)) + Bu(k) + Gw(k),
(k) = Ca(k) + Cax(k — d(k)), k€ Zy, 2)

.CC(]C) :@(k)’ ke {_d27_d2+17"'70}7

& day ham tré d(k) théoa man diéu kien 0 < dy < d(k) < dy Vk € Z,. Nam
2010, bai toan diéu khién H.. trong thoi gian hitu han cho hé roi rac tuyén

tinh khong c6 tré

z(k+ 1) = Ax(k) + Bu(k) + Gw(k),
z(k) = Cx(k) + Diu(k) + Daw(k),

duge dé xuat bdi Wang va cac cong su trong [56]. Cling bai toan nay cho he
r6i rac phi tuyén chuyén mach khong c6 tré duge Xiang va Xiao [58] nghién
cttu vao nam 2011. Dén nam 2012, Song va cac cong sy [50] da tién them duge

mot bude khi gidi quyét duge bai toan nay cho hé r&i rac tuyén tinh chuyén
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mach v6i tré hing

r(k+1) = Az (k) + Agory(k — d) + Byyu(k) + Goyw(k),
z(k) = Coyz(k) + Caoyx(k — d) + Doyu(k) + Fypyw(k).

Khong lau sau dé, két qua nay duge mé rong cho hé roi rac phi tuyén chuyén
mach c6 tré hing trong [65]. Vé tinh 6n dinh v& on dinh héa trong thoi gian

hitu han cho hé r&i rac tuyén tinh c6 tré bién thien dang khoang
z(k+1) = Azx(k) + Agz(k — d(k)) + Bu(k),

c6 hai cong trinh kha tiéu bicu 1a [66] va [63] ma dudc cac tac gid cong bd
tuong ng trong cac nam 2013 va 2014.

R6 rang ring cac két qua da néu & trén vé diéu khién H., trong thoi gian
hitu han cho céac 16p hé rdi rac tuyén tinh ciing nhu phi tuyén déu bi han ché
bdi gid thiét khong c6 sy hién dién ctia do tré ho#c c6 sy hién dién ctia do
tré nhung chi don gidn 1a ham hang. Hién nay viéc nghién citu bai toan dicu
khién H,, trong thoi gian hitu han cho 16p hé phuong trinh (2) véi do tré d(k)
thoéa diéu kién bién thién dang khodng néu trén van chua nhan dudc sy quan
tam ctia cac nha nghién ctu. Trong boi canh d6, ching toi dé xuat bai toan
diéu khién H ., trong thai gian hitu han cho hé (2). Cac phiém ham Lyapunov—
Krasovskii hién c6 trong cac cong trinh lien quan [50, 56, 58, 65] khong thé st
dung dé gidi quyét van dé dat ra cho he (2) bdi vé nguyen tic, ching khong
thé x1t Iy dugc khia canh bién thién theo thoi gian ctia ham tré. Thay vao do,
dya trén cac ky thuat da c6 trong [57, 63, 65, 66], chung t6i da xi 1y dugc bai
toan nay bang cach xay duyng mot 16p phiém ham Lyapunov-Krasovskii méi.

Bai toan thit ba dudc nhidm dén trong khuon kho clia luan an nay la bai

toan diéu khién H.. trong thoi gian hitu han cho 16p hé no-ron r6i rac suy bién
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co tré:
Ex(k+1) = Ax(k) + W f(z(k)) + Wig(xz(k — d(k))) + Bu(k) + Cw(k),
2(k) = A1z(k) + Dx(k — d(k)) + Byu(k), ke Z,, (3)
xz(k) =¢(k), ke{—dy,—da+1,...,0},

& day tré thoi gian d(k) dugc gia thiét bién thien dang khodng nhu trong he
(2). Viéc nghién cttu bai toan diéu khién H., cho hé no-ron 16i rac c6 tré bién
thien dang khodng da xuat hién tir kha s6m vdi hai bai bao [35] va [48]. Tuy
nhién, tinh 6n dinh trong thoi gian hitu han cho 16p hé nay chi méi duge vai
nha nghién cttu quan tam gan day. Cu thé la, tinh bi chin trong thsi gian hitu
han cho hé no-ron rdi rac véi tré bién thién duge Zhang va cac cong su khao
sat trong [62] vao nam 2014, con tinh 6n dinh trong thsi gian hitu han cho
hé no-ron mo roi rac khéng ¢6 tré duge Bai va cac cong sy thu duge vao nam
2015 trong [6].

Trong thoi gian gan day, cidc hé dong lite dude mo ta béi cac 16p hé phuong
trinh vi/sai phan suy bién c6 tré da gianh dugc sy chi y dac biet tir cdc nha
nghién citu, 1y do 1a bdi véi cac 16p hé phuong trinh vi/sai phan suy bién, ta
c6 thé mé hinh héa cac bai toan xuét phat tit thuc tién tét hon so véi cac 16p
hé phuong trinh vi/sai phan thuong va ly thuyét hé suy bién hien dang tim
thay nhiéu ting dung phong phu trong cac linh vic rat khac nhau nhu co hoc,
vat 1y, sinh hoc, ky thuat, kinh té, v.v... [3, 9, 10, 11, 31, 59]. Chinh vi thé,
viéc nghién cttu tinh 6n dinh va diéu khién ctia cdc hé phuong trinh suy bién
c6 tré 1a bai toan c6 ¥ nghia cd vé phuong dién 1y thuyét 1an thuc tién tng
dung. Tuy nhién, cai gia phai tra & day la viéc nghién cttu cac bai toan nay sé
it nhiéu phitc tap hon so véi cac hé phuong trinh thong thuong béi vi khac véi
hé phuong trinh vi/sai phan thuong, khi xét he suy bién bai toan vé sy ton
tai va tinh duy nhat nghiem khong phai lic ndo ciing duge thda méan, ngay ci
trong truong hgp don gidn nhat: he duge xét 1a tuyén tinh [9]. Hon nita, khi sit

dung phuong phap phiém ham Lyapunov-Krasovskii, viec xay dung va danh
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gid dao ham/sai phan ctia phiém ham nay doc theo cac nghiém ctia hé thuong
14 kh6 hon so v6i cac hé thong thuong [11, 23, 38, 59].

Hién nay, viéc nghién citu tinh 6n dinh va diéu khién cac hé suy bién dang
dugc nhiéu nha toan hoc va ki su quan tam phét trién theo ci hai huéng ly
thuyét va ing dung, v6i ngay cang nhiéu cong trinh cé gia tri dude xuat ban.
Chiing t6i xin diém so qua vé tinh hinh nghién cttu danh cho 16p hé nay nhu
sau. Tinh on dinh v& on dinh héa cho hé (v6i bude nhay Markov) suy bién roi
rac phi tuyén khong c6 tré duge Song va cac cong su xét dén trong [49]. Rat
nhanh sau do, két qua nay dugc phét trién tiép cho heé c6 tré bién thién trong
[55]. Vé bai todn diéu khién H., trong thai gian hitu han thi loat bai bao [61],
[36] va [37] theo thit ty d6 da xét bai toan nay cho hé suy bién rdi rac tuyén
tinh khong c6 tré, cé tré hang va c6 tré bién thién mot cich tuong ing. Mot
mo hinh cho hé no-ron suy bién rdi rac c6 thé duge tim thay trong [19]. Viec
khéo sat hé suy bién bang cach van dung hé no-ron da duge thuyc hién trong
[27]. Cudi ciing, tinh én dinh ctia hé no-ron suy bién rdi rac v6i buse nhéy
Markov dugc Ma va Zheng [39] dé cap nam 2016.

Theo su hiéu biét ctia ching téi thi, cho dén thoi diém hién tai, viec nghien
citu bai toan diéu khién H. trong thoi gian hitu han cho 16p hé phuong trinh
(3) v6i do tré d(k) bién thien dang khodng van chua nhan dugc sy quan tam
clia cdc nha nghién citu. Trong bdi canh d6, chiing toi dé xuat bai toan dicu
khién H., trong thdi gian hitu han cho he (3). Cac phiém ham Lyapunov-
Krasovskii sin c6 trong cic cong trinh lién quan [36, 37, 55, 62] khong thé st
dung dé gidi quyét van dé dat ra cho hé (3) do cac bai toan dit ra 1a khac
nhau. Vi thé, dya trén ky thuat da dudc st dung kha hieu qud dé gidi bai
toan diéu khién H.. trong thdi gian hitu han cho hé (2) ciing cac cach tiép can
trong [42, 55, 62], ching toi da gidi quyét duge bai toan nay, khong quén tinh
dén viéc chitng minh sy ton tai duy nhat nghiém cting tinh chinh quy va nhan

qua cua hé.
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3. MUC DiCH, POI TUGNG VA PHAM VI NGHIEN CUU

e Muc dich nghién citu: Nghién citu xay dung cidc phiém ham kiéu
Lyapunov-Krasovskii méi dé thu dugc céc tieu chuan méi c6 ¥ nghia
giai bai toan dicéu khién H., cho cic 16p hé phuong trinh vi/sai phan
ham da biét ¢6 cau tric tré md rong va cac 16p hé phuong trinh vi/sai

phan ham cé cau tric tdng quat hon.

e Dbi tugng nghién citu: D6i tugng nghién citu ctia luan an 13 “Bai toan
diéu khién H.. cho mot s6 16p hé phuong trinh c6 tré”. Cu thé hon, yéu
t6 tré duge quan tam & day la nhitng ham bién thién theo thoi gian, c6
gia tri thuoc mot khoang trong R hoac trong N va tuy tung truong hop

ma hé duge xét sé 13 hé suy bién hay hé thong thuong.
e Pham vi nghién ciu

o Noi dung 1: Bai toan diéu khién Ho cho 16p hé no-ron c6 tré bién

thién hon hop.

o No6i dung 2: Bai toan diéu khién H.. trong thsi gian hitu han
cho 16p hé roi rac tuyén tinh c6 tré bién thién theo thoi gian dang

khoang.

o No6i dung 3: Bai toan diéu khién H., trong thdi gian hitu han cho
16p hé no-ron rdi rac suy bién c6 tré bién thién theo thoi gian dang

khoang.
4. PHUGONG PHAP NGHIEN CcUU

Luan an st dung mot s6 cong cu hién c6 trong gidi tich, dai s6 tuyén tinh,
phuong trinh vi phan thudng, phuong trinh vi phan suy bién dé thuc hién céac
noi dung nghién ctu néu trén. Cu thé hon, céc ki thuat duge ching toi st

dung tng v6i mdi noi dung nhu sau:



17

e V4i Noi dung 1: xay dung mot bo cac phiém ham Lyapunov—Krasovskii
méi, ma chlt yéu dya trén thong tin vé can dudi va can trén ctia ham
tré, két hop vdi cong thitc Newton-Leibniz, bat dang thitc Cauchy, bat
dang thiic Jensen, b6 dé phan bu Schur, ki thuat LMI ciing véi viéc phat
trién cac k¥ thuat xi Iy bai toan da dugc cac tac gia tién hanh trong

[7, 25, 52).

e Vé6i Noi dung 2: xay dung mot bo cac phiém ham kiéu Lyapunov—
Krasovskii méi (phu thuoc cd can trén 1an can duéi cia ham tré), két
hop véi bo dé phan but Schur, dong thai tan dung triet dé k§ thuat LMI
nhu trong [63].

e Vi Noi dung 3: bén canh viéc tiép tuc khai thac luge do da st dung
dé nghién cttu Noi dung 2, ching t6i con phat trién cac ki thuat dac thu
trong [9, 42] dé chitng minh tinh chinh quy, tinh nhan qui v& van dung
dinh Iy ham an nhu trong [49, 55] dé chiing minh sy ton tai duy nhat

nghiém cua hé.

KET QUA CUA LUAN AN

Luan an da dat dugc nhitng két qua chinh sau day:

e Thiét ké dugc mot ham diéu khién phan hoi gidi bai toan diéu khien H,
cho 16p hé no-ron c6 tré bién thién hén hop.

e Dé xuat dude cac dieu kien di ddm bao tinh H,.—bi chin trong thoi
gian httu han cho 16p hé roi rac tuyén tinh c6 tré bién thién theo thoi
gian dang khoang. T dé thiét ké mot ham diéu khién phan hdi gidi bai

toan diéu khién H., trong thoi gian hitu han cho 16p hé nay.

e Thiét lap dugc cac két qui tuong ttng cho 16p hé no-ron rdi rac suy bién

c6 tré bién thién theo thoi gian dang khoang. Hon nita, véi 16p hé nay,
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chiing t6i con dong thoi chitng minh dugde tinh chinh quy, tinh nhan qua

va sif ton tai duy nhat nghiém ctia hé trong lan can ciia goc.

Cac két qua ctia luan an 14 méi, c6 ¥ nghia khoa hoc va gép phan vao viéc
hoan thién 1y thuyét diéu khién H.o dbi véi 16p hé no-ron va 16p hé roi rac
tuyén tinh c6 tré bién thién theo thoi gian dang khoang.

Cac két qua chinh dat dugc da dude cong bo trong 03 bai bao trén cic tap
chi khoa hoc quoc té uy tin (thuoc danh muc ISI va Scopus) va da duge bao

cao tai:
e Dai hoi Toan hoc toan quoc lan thi VIII, Nha Trang, 08/2013;
e Hoi thao T6i uu va Tinh toan Khoa hoc lan thit XIII, Ba Vi, 23-25/04/2015;

e Xé-mi-na cua Bo mon Giai tich, Khoa Toan - Tin, Truosng Dai hoc Su

pham Ha Noi;

e Xé-mi-na ctia Phong Té6i wu va Diéu khién, Vien Toan hoc, Vien Han

lam Khoa hoc va Cong nghé Viét Nam.
6. BO CUC CUA LUAN AN

Luan an c¢6 bé cuc nhu sau. Ngoai phan Md dau, Két luan, Danh muc céc
cong trinh da cong bd va danh muc Tai lieu tham khao, luan 4n gom 4 chuong:
Chuong 1 tom tat mot céch c6 hé théng cac kién thitc chuan bi. Chuong 2 trinh
bay mot két qua vé tinh diéu khién H. cho 16p hé no-ron cé tré bién thien
hén hgp. Chuong 3 trinh bay cac két qua vé tinh H.,—bi chin trong thoi gian
hitu han va diéu khién H.o trong thoi gian hitu han cho 16p hé roi rac tuyén
tinh c6 tré bién thién theo thoi gian dang khoang. Chuong 4 trinh bay 161 giai
bai toan diéu khién H. trong thoi gian hitu han cho 16p hé no-ron rdi rac suy

bién c6 tré bién thién theo thoi gian dang khodng cling cic két qua lién quan.
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Chuong 1
MOT SO KIEN THUC CHUAN BI

Chuong nay nhim gisi thieu tom tit mot s6 két qua kinh dién trong 1y
thuyét hé c6 tré. Bai toan 6n dinh, on dinh héa va bai toan diéu khién H.o sé
lan Iugt duge trinh bay ciing mot s6 kién thic bd trg khéac can dung cho cac
chuong sau. Noi dung chi yéu ciia chuong dugde trich/dich tit cdc nguon tai
lieu [1, 2, 4, 8, 18, 20, 28, 29, 30, 57, 60, 64].

1.1. BAI TOAN ON DINH VA ON DINH HOA HE PHUGNG TRINH CO
TRE

1.1.1. Bai toan 6n dinh

Trong khoa hoc va ky thuat, phuong trinh vi phan thuosng duge sit dung
nhu mo hinh toan hoc ciia cac hé thong. Mot gia thiét co ban vé mot hée thong
duge mo hinh theo cach nay 1 sy tién héa trong tuong lai ctia né phu thuoc
hoan toan vao cac gia tri hién tai ciia cac bién trang thai va doc lap véi lich st

hoat dong ctia ching. Ching han, xét phuong trinh vi phan cip mot sau day:

2(t) = f(t,z(t), (o) = zo.

Su tién héa trong tuong lai clia bién trang thai « tai thoi diém ¢ chi phu thuoc
vao t va z(t), ma khong phu thuoc vao cac gia tri clia o trude thai diém t. Néu
sy tién hoéa trong tuong lai clia trang thai clia mot hé dong lyc khong nhiing
phu thudc vao cac gia tri hién tai, ma con phu thudc vao nhing gia tri qua
khit, thi he théng duge goi 1a hé thong véi tré thoi gian. Cac hé thong thyc té

thuoc loai nay khong thé dugc mo phéong mot cach théoa dang béi mot phuong
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trinh vi phan thuong; tic 1a, phuong trinh vi phan chi 14 mot mo hinh gan
ding. C6 mot cach dé mo ta cac hé thdng nhu vay mot cach chinh xac 1a sit
dung cac phuong trinh vi phan ham.

Trong nhiéu hé théng, tré thoi gian c6 thé nhan gia tri cuc dai h. Khi
ay, ching ta thudng quan tam dén khong gian cidc ham lién tuc hoac lién tuc
ting khic trén doan [—h,0], nhan gia tri trong khong gian R” ma thudng
duge ky hieu 1a C = C([—h,0],R™) v& PC([—h,0],R™) mot cach tuong ting;
chuan ctia mot phan tit ¢ € C hoic PC([—h,0],R™) dugc cho béi ||¢|c =
SUpP_p,<s<o l|9(8)[]. Véi to € R, o > 0, ham lién tuc z € C([to — h,to + o, R")
va t € [to,to + o], ham x; € C duge xac dinh béi x4(s) :== z(t + s),s € [—h,0].
Nhu vay, z; 14 doan quj dao ctia ham x(-) trén khoang déng [t — h, t] véi chuan
trong C dugc xac dinh béi ||z¢]| := max,ci_p o [|[2(t + 5)[|. Cho D C Ry x C Ia
mot tap md va ham f : D — R”, dang tong quat ctia mot phuong trinh vi

phan ham cé tré trén D la
x(t) :f(tvxt)v t>oa (11)

trong d6 z(t) € R™ va #(t) 1a dao ham bén phai cia z(t). Ta sé viét tat
phuong trinh nay bdi REDE(f). Phuong trinh (1.1) ngu § rdng dao ham clia
bién trang thai = tai thoi diém ¢ phu thuoc theo ¢ va theo (&) véit—h < € < t.

Véi tg € R va ¢ > 0 cho truée, mot ham z(t) duge goi la nghiém cia
phuong trinh vi phan c¢6 tré (1.1) trén [to — h, to + o) néu z(t) € C([to — h, to +
0),R"), (t,x¢) € D va z(t) théa man phuong trinh (1.1) v6i moi t € [tg,to+0).
Cho ty € R va ¢ € C, ta néi z(tg, ¢, f) la mot nghiém ctia phuong trinh (1.1)
v6i ham diéu kién ban dau ¢ tai tg hodc don gian 1a mot nghiem di qua diém
(to, ) néu ton tai mot s6 o > 0 sao cho x(to, d, f) 14 nghiém cta he (1.1)
trén [tg — h,to + o) va zy, = ¢. Gia tri ctia x(to, ¢, f) tai t duge ky hiéu béi
x(t;to, @, f). Chung ta sé viét gon 1a x(tg, ¢) hosic z(t;tg, ¢) khi ham f da ro
tlt ngit canh.

Mot van dé co ban trong viéc nghién cttu phuong trinh vi phan thuong 1an
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phuong trinh vi phan ham 1a cac cau héi vé sy ton tai va tinh duy nhat clia
nghiém. Ta sé ¢6 cau tra 16i thoa dang cho cac cau héi dé thong qua ba dinh
Iy bén dudi.

Dinh ly 1.1 (Dinh Iy ton tai nghiem dia phuong, [20]). Gid si D la mot tap
con md cia R x C va fo € C(D,R™). Néu (tg,p) € D thi ton tai nghiém ciia
phuong trinh RFDE(fo) di qua diém (to,¢). Tong qudt hon, néu W C D la
mot tap compact va fo € C(D,R™) cho trude, thi ton tai mot lan can V C D
ctia W sao cho fo € C°(V,R"), ton tai mot lan can U C C°(V,R") cia fo
va a > 0 sao cho vdi moi (to,¢) € W, f € U, ton tai nghiem x(to, ¢, f) cia
phuong trinh REDE(f) di qua diém (to,¢) va xdc dinh trén [to — h, to + a.

O day C°(V,R™) la tap con ctia C(V,R™), ma gdm tat ci cdc ham lien tuc
bi chan tit V vao R™. C°(V,R") sé trd thanh mot khong gian Banach néu duge

trang bi chuan [|f]lco = sup, g)ev 1£(£ 9)]-

Dinh 1y 1.2 (Dinh 1y ton tai duy nhat nghiem dia phuong, [20]). Gid st D
la mot tap md cia R x C, f: D — R™ lién tuc va f(t,¢) la Lipschitz theo ¢
trong maéi tap con compact ciia D. Néu (to, d) € D thi ton tai duy nhat nghiém

di qua diém (to, @) ciia phuong trinh RFDE(f).
Dinh ly 1.3 (Dinh Iy ton tai vd duy nhat nghiém toan cuc, [28]). Gid si ham
f:]0,+0) x PC([~h,0],R") — R"
théa man cac diéu kién sau:
(i) Véi bat ky H > 0, ton tai M(H) > 0 sao cho

1t @)l < M(H) V(¢ ¢) € [0, +00) x PC([=h,01,R"), [l9]lc < H;

(i) Ham f(t,¢) la lien tuc trén tap [0,+oc0) x PC([—h,0],R™) theo cd hai

z
- X

bien;
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(111)) Ham f(t,¢) théa man diéu kién Lipschitz theo bién thi hai, tic la ton
tai hang so Lipschitz L(H) > 0 sao cho

If(t, ¢1) — f(t,¢2)|| < L(H)|[p1 — ¢2]lc,

vdi moit >0, ¢; € PC([—h,0],R™), ||¢illc < H, i=1,2;

(i) 17 o) < nlllelle), t =0, ¢ € PC([=h,0],R"),
trong doé n : [0,+00) — R la ham lién tuc, khong gidm va sao cho vdi

ro = 0 bat ky diéu kién sau ding

. L
lim — = +00.
R—+o00 [, n(r)

Khi dé, vdi ty > 0 va ¢ € PC([—h,0],R") cho trudc, hé (1.1) c6 duy nhat

nghiém x(to, &, f) xdc dinh trén [to — h,+00) vdi diéu kién ban dau xy, = ¢.

Gia stt y(t) 1a mot nghiém ctia phuong trinh (1.1). Tinh én dinh ciia nghiem
phu thudc vao dang diéu ctia hé khi quy dao x(t) ctia hé léch khéi y(t). Khong
mat tinh tong quat, gid sit ring phuong trinh (1.1) ¢6 nghiém z(t) = 0, ma
sé dugc nhic dén nhu nghiém tam thudng. Néu tinh on dinh ctia mot nghiem
khong tam thudng y(¢) can duge nghién citu, thi ta c6 thé sit dung phép déi

bién z(t) = x(t) — y(t) dé di dén he mdi

2(t) = f(t,ze + ) — f(t,ut)

ma 16 rang 1a ¢6 nghiem tam thuong z(¢) = 0. Nhu vay, viéc phan tich tinh
on dinh ctia nghiem khong tam thutng y(t) cta (1.1) dude quy vé vieéc phan
tich tinh on dinh ctia nghiém tam thudng ctia hé méi néu trén. Hon nita, luu
¥ rang véi hé tuyén tinh, tinh 6n dinh ctia nghiém tam thuong sé tuong duong

v6i tinh on dinh ciia tat cd cac nghiem.

Dinh nghia 1.1 ([18]). e Nghiém tam thudng ctia phuong trinh (1.1) duge
goi 14 6n dinh néu v6i moi typ € R vi moi € > 0, ton tai 6 = d(to,e) >0

sao cho néu ||¢l|c < § thi

x(t;to, d)|| < e véit > to.
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e Nghiém tam thudng ctia phuong trinh (1.1) dugc goi 1a 6n dinh déu néu

s6 6 & trén co thé dugc chon khong phu thuoc vao t.

e Nghiém tam thuong ctia phuong trinh (1.1) dudc goi 1a on dinh tiem can
néu né 6n dinh va ton tai §, = d,(to) > 0 sao cho néu |¢|c < J, thi
e Nghiém tam thuong ctia phuong trinh (1.1) dudc goi 1a on dinh tiem can

déu néu n6 on dinh déu va ton tai 6, > 0 sao cho v6i mdi n > 0, ton tai

T = T(d4,m) sao cho néu ||¢]|c < d, thi

z(t;to, )| <mvoit=to+T,

va tg € R.

Dinh nghia 1.2 ([28]). Nghiém tam thudng ctia phuong trinh (1.1) duge goi
la a—on dinh mi néu ton tai cdc hing s6 a > 0 va M > 1 sao cho vdi nghiém

x(t; to, ) bat ky clia phuong trinh (1.1), wdc lugng sau ding
lz(t; to, §)I| < M pllce ) vt > to.

Cung nhu 16p hé khong cé tré, phuong phap Lyapunov 14 moét cach hiéu
qué dé xac dinh tinh on dinh ciia hé c6 tré. Khi khong c6 tré, viec xac dinh nay
doi héi phai xay dung mot ham Lyapunov, V (¢, z(t)), ma c6 thé xem nhu mot
thuée do miic do trang thai z(t) lech khdi nghiem tam thuong 0. Luc Ay, trong
mot hé khong c6 tré, chiing ta can z(t) dé xac dinh sy tién trién trong tuong
lai ctia hé sau thoi diém ¢. Trong mot hé c6 tré, ching ta cling can “trang thai”
tai thoi diém ¢ cho muc dich d6; d6 1a gia tri ctia x(t) trong khoang [t — h, 1]
(c6 nghia 13, x;). Vi vay, sé 14 ty nhién dé mong dgi ring, v6i mot hé co tré,
thay vi ham Lyapunov sé 14 mot phiém ham, V (¢, z;), phu thudc vao z; va
cho biét mic do ciia x; léch khoi nghiem tam thuong 0. Kiéu phiém ham nay
duge goi 13 phiém ham Lyapunov—Krasovskii. Theo tinh than dé, trong phan
tiép theo, ching toi sé trinh bay dinh nghia phiém ham Lyapunov-Krasovskii
va mot sd diéu kien di cho tinh 6n dinh ctia nghiém tam thudng ctia phuong

trinh (1.1). Cac két qua nay duge dé xuat bdi Krasovskii cho phuong trinh vi
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phan c6 tré dya trén phuong phap thit hai ctia Lyapunov. Truéc khi bat dau,
ching ta ky hieu Qg :={p € C: ||¢||lc < H} va gid st v6i mdi H > 0, ham
f:Rx Qg — R Ia lién tuc, bi chan va thoa man diéu kién Lipschitz dia

phuong theo bién thit hai.
Dinh nghia 1.3 ([18, 20, 30]). Gid st V : R x Qg — R 13 mot phiém ham

lien tuc vd z4(7, ¢) 1a nghiém ctia (1.1) tai thoi diém ¢ v6i diéu kien ban dau

r, = ¢. Dao ham trén bén phai ctia V (¢, ;) theo t tai thoi diém ¢ = 7 1a:

V(r.6) = limsup LT T AL Treat(T.9)) ~V(r,9)
At—0+ At

Dinh nghia 1.4 (29, 30]). Phiém ham V : RxQy — R lién tuc va V (¢,0) =
0 dugc goi 1a phiém ham Lyapunov—Krasovskii cia phuong trinh (1.1) néu cac

diéu kién sau thoa méan
(i) Phiém ham V (¢, ¢) 1a x4c dinh duong theo nghia

Juek: u(lo(0))) <V(t¢) Vo € Qu, t €R;

(i) V(t,¢) <0 Vo € Qn.

Dinh 1y 1.4 (Dinh ly Lyapunov-Krasovskii vé 6n dinh, [29, 30]). Néu phuong
trinh (1.1) c6 phiém ham Lyapunov-Krasovskii thi nghiém tam thuong cia né

la on dinh.

Dinh ly 1.5 (Dinh ly Lyapunov—Krasovskii vé on dinh va 6n dinh tiém can,
[18, 20, 29]). Gid st f : RxC — R™ anh za t& RX (cdc tap bi chan trong C)
vao tap bi chan cia R™, hai ham u,v € K va w : Ry — Ry la ham lién tuc

khong gidm. Néu ton tai mot phiém ham lién tuc V : R x C — R, sao cho

(1) u(lle(O)])) <V (t, 0) < v(lgllo),
(ii) V(t,6) < —w(||¢(0)I]),
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thi nghiem tam thuong cia phuong trinh (1.1) la on dinh déu. Néu w(s) > 0
vdi s > 0 thi nghiém tam thuong la on dinh tiém can déu.
Dinh 1y 1.6 (Dinh Iy Lyapunov-Krasovskii vé on dinh mii, [28]). Néu ton tai
phiém ham lien tuc V : Ry x C — R théa man:

(i) ton tai A1, A2 > 0 sao cho \i||¢(0)]|> < V(¢ ¢) < Aa||9]|%,

(ii) V(t,¢) <0,
thi nghiem tam thuong ciia phwong trinh (1.1) la on dinh va nghiém bat ky cia
né la bi chan, tic la ton tai M > 0 sao cho

[z(t;t0, @) < M[¢llc V(to, @) € Ry x C, t = to.

Néu thay dieu kien (ii) bang dieu kien

(ii) ton tai Ao > 0 sao cho V(t,¢) < —2XV (¢, ¢) vdi moi (t,¢) € Ry x C,

thi nghiém tam thuong ciia phuong trinh (1.1) la on dinh mi va nghiém bat ky

cia hé thoa man

X\ e
|z (t;to, @) < 4/ /\—jllcbllce Dolt=to) i > ¢,

Gia st 7 1a s6 nguyén nao do6 thuoc Z ., ky hieul = {—7,—7+1,...,—1,0}
va dat € = {¢ : I — R"}, trong d6 chuan ctia mdi phan ti ¢ € € duge dinh
nghia la ||p|l¢ = max llp(k)||. Xét phuong trinh sai phan véi tré hitu han ¢6
dang

x(k+1) = f(k,zr), keZy, (1.2)

6 day z(k) € R™ 1a véc to trang thai; f : Z; x €y — R” 1a ham véc to cho
trude, trong d6 €y = {p € € : ||¢lle¢ < H} v6i H > 0 1a hdng s6 nao do; va xy,
am chi sy han ché ctia z(-) 1én khoang [k — 7, k], ttic 1a zx(s) = z(k+s) Vs € L.

Gia st rang f(k,0) = 0 Vk € Z; (lac d6 (1.2) c6 nghiem tam thuong
x(-) =0) va véi kg € Zy, p € €y cho trude bat ky, (1.2) ¢c6 duy nhat nghiém,
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duge ky hieu béi z(k; ko, ¢), ma théa man (1.2) v6i moi sé nguyén k > kg va
Tr, = @, tic 1a x(ko + s;ko, ) = p(s) Vs € I. Hon nita, gid st ton tai mot
hing s6 L > 0 sao cho ||f(k,¢)|| < L|¢ll¢ Vk € Zy va Vo € €p. Luc nay,
cac khéi niém on dinh da néu & trén cho hé (1.1) c6 thé dugc phat biéu lai

theo cach hoan toan tuong tu cho 16p hé (1.2). That vay, ta cé

Dinh nghia 1.5 ([60]). e Nghiém tam thudng ctia phuong trinh (1.2) duge
goi 1a én dinh néu véi bat ky kg € Z, va bat ky e > 0, ton tai s6 thuc

d = d(ko,e) > 0 sao cho néu ||¢|l¢ < ¢ thi

z(k; ko, )| < € v6i moi

k> ko.

e Nghiém tam thudng clia phuong trinh (1.2) duge goi 1 on dinh tiém can
néu n6 on dinh va v6i moi kg € Z, ton tai sd thuce 6, = 54 (ko) > 0 sao

cho néu ||pll¢ < 4, th Jim |z (k; ko, ¢)|| = 0.
—00
1.1.2. Bai toan 6n dinh héa
Xét hé diéu khién c6 tré

@(t) = f(t,ze,u(t), t=0,

z(t) = o(t), tel=h,0]

(1.3)

trong d6 z(t) € R™ 1a véc to trang thai, u(-) € L3([0, +o0),R™) 1a ham diéu
khién, h > 0 1a tré hing s6, ¢ € C 1a ham diéu kién ban dau, f : Ry xCxR™ —

R™ 1& ham véc to cho truée théoa man diéu kien f(¢,0,0) = 0Vt > 0.

Dinh nghia 1.6 ([1]). He didu khién (1.3) goi 14 on dinh héa dugc néu ton
tai ham g : R® — R™, ¢(0) = 0, sao cho nghiém tam thuong ctia hé phuong
trinh vi phan

o(t) = f(t, 2, 9(2(t))), ¢=0, (1.4)

13 6n dinh tiém can. Trong trudng hop nay, ham u(t) = g(z(t)) dudc goi la

ham diéu khién phan hoéi én dinh héa hé théng.
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Dinh nghia 1.7 ([1]). Cho s6 thuc a > 0. Hé diéu khién (1.3) goi 1a a—dén
dinh héa dugc dang mi néu ton tai ham g : R — R™, ¢(0) = 0, sao cho

nghiém tam thudng ctia he déng (1.4) 14 a—on dinh mil.
Tiép theo 1a phan trinh bay vé tinh 6n dinh héa dudc ctia hé r&i rac. Xét

hé didu khién c6 tré

x(k+1) :f(kaxk>u(k))> k‘EZ.H

(1.5)
z(k) = p(k), kel

trong do x(k) € R™ 1a véc to trang thai; u(k) € R™ 1a véc to diéu khién; 7 € Z
12 tré hing; ¢ € € 1a ham diéu kién ban dau; f:Z, x g x R™ — R" 1a
ham véc to cho trude thdéa man dieu kien f(k,0,0) =0 Vk € Z, .

Stta doi doi chit Dinh nghia 1.6, ta dudc

Dinh nghia 1.8. Hé diéu khién (1.5) goi 14 6n dinh héa dugce néu ton tai ham

g:R" — R™ ¢(0) = 0, sao cho nghiém tam thuong ctia hé dong
ek +1) = f(h 2o g(e(R), k€ 2y,
I3 on dinh tiém can. Lic nay, ham u(k) = g(z(k)) dugdc goi 14 ham diéu khién

phan hoi 6n dinh héa hé théng.

1.2. BAI TOAN DIEU KHIEN A,
1.2.1. Khong gian H

Chit cai “H” trong ky hi¢u Hoo 1a viét tat ctia chit Hardy (1ay theo tén cia
nha toan hoc G.H. Hardy).

Dinh nghia 1.9 ([57, 64]). Khong gian H., 14 khong gian cadc ham ma tran,
F(s), giai tich trén nita mit phang m3 Re(s) > 0, nhan gid tri trong C™*" va

thdoa man

| F oo := sup {omax(F(s)) : s € C, Re(s) > 0} < +oc.
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Biéu thitc trén xac dinh ||F||s, chuan H., clia ham ma tran F(s).

Xét he dicu khién tuyén tinh:

5.
VS

~
N—

I

Az(t) + Biu(t) + Giw(t), t =0,

N
VS

~
N—

I

Cxz(t) + Bau(t) + Gow(t), (1.6)

trong dé z(t) € R™ la véc to trang thai, u(t) € R™ la véc to diéu khién,
w € L?([0,00),RY) 1a ham nhiéu dau vao, z € L?([0,00), RP) 1a ham quan sét
dau ra; A,C, By, By, G1,G5 1a cac ma tran thuc cho truée véi sé6 chiéu thich

hop.

Dinh nghia 1.10 ([64]). Cho w € L?([0,00),RY) v& z € L?([0,0),RP). Ma

tran chuyén tit w téi 2z, ma ta sé ky hieu 1a T,,,, dude dinh nghia nhu sau

trong d6 Z(s),Q(s) 1a cac bién déi Laplace clia z(t), w(t) tuong tng:
Z(s) = / e Stz(t)dt, Q(s) = / e Stw(t)dt,
0 0
v6i diéu kien dau bang khong (x(0) = 0).
Viéc thiét ké ham diéu khién phan hoi u(t) = Kx(t) cho hé (1.6) sé dan

dén hé déng 6n dinh sau day:

(t) = (A+ B1K)z(t) + Giw(t), t=0,

z(t) = (C 4 B2 K)x(t) + Gow(t), (1.7)

z(0) = 0.

Gia st X (s), Z(s) va Q(s) tuong ting 1a bién ddi Laplace ctia x(t), z(t) va

w(t). Bién ddi Laplace hai vé ctia he (1.7) ta dugc

sX(s) = (A+ B1K)X(s)+ G1(s), Z(s) =(C+ BaK)X(s) + G29(s).
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Suy ra
Z(s) = [(C + BaK)(sI — (A+ BK)) "G + Ga] Q(s),

(do ma tran K dugc chon sao cho hé (1.7) 6n dinh, (sI — (A + B1K))~! ton
tai v6i moi s thuoc nita mit phang Re(s) > 0). Biéu thitc nay xac dinh cho ta

ma tran chuyén
TZW(S) = (C —+ BQK)(SI — (A —+ BlK))_lGl + GQ.

Hon nwa, T,, € Hoo. Trong trusng hop T..(s) = T(s) chi phu thudc s va
T € Hoo thi nguoi ta ching minh duge rang [64]

HTHoo — sup HZ”Z

w0 [lwll2’

trong doé

= () “”“)”26“)1/2 a e HZ(t)szt)l/z

tuong tng 13 ning lugng clia tin hieu dau vao va tin hieu dau ra. Do d6, chuén
Hoo clia ma tran chuyén phan anh ti sé cuc dai cia nang lugng tin hieu dau
ra ||z]|2 v6i nang lugng tin hiéu dau vao ||wl|2, nghia 1a ti s6 hiéu chinh ning
luong cuc dai ctia hé théng. Trong cac hé thong thiyc, néu coi w 1a ham nhiéu

dau vao va z 1a ham 16i (ma ta mudn giam thiéu), chuan H., ctia ma tran

[[2]]2
llell2”

chuyén, titc sup cang nhé cho thay hiéu suat ciia hé thong cang cao.

w#0

1.2.2. Bai toan diéu khién .,

Xét he thong duge mo ta bdi s6 do khéi nhu Hinh 1.1. Gid st ring cac mo
hinh khéng gian trang thai cia thiét bi P va bo diéu khién K la sn co va
su van hanh (realization) ciia ching la c6 thé én dinh héa va quan sat dugc.
Nhéc lai ring mot bo diéu khién dude goi 1a chap nhan duge néu né én dinh
noi bo he thong (titc khi khong c6 sy hién dién dién ctia nhiéu dau vao w, he

déng 1a én dinh). R6 rang, sy on dinh noi bo 1a yéu cau co ban nhat cho mot
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w P4
" P -
u X

A

K

Hinh 1.1: So do khoi clia mot hé thong

hé théng thie té dé c6 thé van hanh. Do d6 bat k¥ bo diéu khién hop 1y nao
ciing phai chap nhan dude. Viéc thiét ké cac diéu khién chap nhan dude K 1a
nham muc dich han ché anh huéng ciia nhiéu dau vao w lén cac tin hiéu 16i
dau ra z. Theo d6, bai toan diéu khién H.o cé thé duge phan ra thanh hai loai

nhu sau.

Bai toan diéu khién H., t6i wu. Tim moi diéu khién chidp nhan duge K

sao cho ||T.w|leo 18 nhé nhat.

Viéc tim kiém mot bo dieu khién H., toi wu thuong phtc tap ca vé mat
Iy thuyét 1an tinh todn s6 [17]. Diéu nay la hoan toan trai nguge vé6i Iy thuyét
Ho chuan (the standard Hs theory), bdi vi trong 1y thuyét Ho chuan bo dicu
khién t6i wu la duy nhat va c6 thé thu duge bang cach giai hai phuong trinh
Riccati ma khong diing phép lip ndo. Viéc biét chuan H., toi wu (cie ticu)
c6 thé hitu ich vé mat 1y thuyét vi n6 dit ra mot giéi han vé nhitng gi ching
ta c6 thé dat dugc. Tuy nhién, trong thuc té thudng 1a khong can thiét va doi
khi tham chi c6 thé gay rac roi dé tim cach thiét ké mot bo diéu khién téi vu,
va thudng “ré” hon nhiéu dé thu dugc cac bo diéu khién rat gan (theo nghia
chuan) véi cac bo diéu khién t6i wtu, ma sé duge goi 1a cac bo dicu khién dusi
t61 wu. Mot bo diéu khién dudi t6i wu cling c6 thé cé cac thuoc tinh tot khac

(chang han, bang thong thap hon) so véi cac bo diéu khién t6i wu.
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Bai toan diéu khién H., duéi td6i wu. Cho truéec v > 0. Tim moi diéu

khién chap nhan dudc K, néu cd, sao cho || Tew oo < 7.

Vi nhitng 1§ do néu trén, trong luan an nay ching ta sé chi tap trung su
chi ¥ vao diéu khién duéi t6i wu. Nhan xét rang bai toan diéu khién H., dudi
t6i wu (khi T, (s) chi phu thuoc s va T.,, € Hoo) thuc chat 1a tim tat cd dieu

khién chap nhan duge K sao cho
Iz]l2 < llwllz  Vew € L([0,00),RY).
1.3. BAT DANG THUC MA TRAN TUYEN TiNH

Trong vai thap ky qua, bat ding thitc ma tran tuyén tinh (LMI) da trd
thanh mot cht dé néng trong linh vyc phan tich va thiét ké cac hé théng dicu
khién [8]. Diéu nay la bdi cac tinh chat tét ctia LMI, nhitng dot pha trong quy
hoach toan hoc, st kham pha ra cac thuat toan hitu ich va cach sit dung chiing
dé giai cac bai toan. Dac biét quan trong l1a sy phat trién ctia cac thuat toan
diém trong va sut ra mit ctia hop cong cu LMI trong MATLAB. Truéc day, cac
phuong trinh Riccati va céc bat ding thic da dude st dung dé trinh bay va
giai hau hét cac bai toan diéu khién; tuy nhién ching thuong cé lien quan dén
mot luong 16n cac tham s6 va cac ma tran xac dinh duong déi xing can dude
diéu chinh truée. Vi vay, mic dit mot nghiém cé thé ton tai, né cé thé khong
nhat thiét duge tim thay. Day 1a mot tré ngai 16n khi x1¢ Iy cac bai toan trong
thé gidi thyc. Trai lai, cac LMI khong bi khiém khuyét nay, hon nita khong hé

doi hoi sy diéu chinh cac tham sb [57].
Dinh nghia 1.11 ([57]). Mot LMI la mot rang budc c6 dang:
F(CE):F0+I'1F1+"'+QZ'mFm<0, (18)

trong d6 x1, 22, ..., %, 14 cac bién thiye, md dude goi 1a cac bién quyét dinh

ctia LMI (1.8); & = [21,..., 2] 12 mot vectd gom céac bién quyét dinh, ma
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dude goi 1a véc to quyét dinh; va F; = FiT e R"*™ 4=0,1,...,m la cac ma

tran déi xing cho trude.

Trong nhiéu bai toan on dinh va diéu khién, cic bién 1a cdc ma tran. Mot

vi du vé LMI 1 bat dang thic ma tran Lyapunov:
F(X)=ATX +XA+Q <0, (1.9)

dday A € R™™ Q = QT € R™ " la cac ma tran hing cho trudc va bién
X = XT € R™" ]a mot ma tran chua biét. Tic 1a, bién trong bat ding thiic
ma tran nay la mot ma tran. That vay, gia st Eq, Es, ..., E,, 1la mot co sé
trong S™ = {N : N = NT € R"™*"}. V6i ma tran ddi xiing X = X' € R™*"
bat ky, goi x1, %2, .., Ty, trong d6 m = (n + 1)n/2, 1a cac phan tit doc lap
ctia X. Khi do, X =Y 1" | 2, E; va vi thé

(N B AT(S B o
F(X)_F(;%El) A (;%EZ>+<;$ZEZ>A+Q
=Q+x(ATE,+ EBiA) + -4+ 2,(ATE,, + E, A)

< 0.

Do d6, bat dang thitc ma tran Lyapunov (1.9) v6i bién quyét dinh ma tran X
1a mot truong hop dac biét cua (1.8), nghia 1a, n6 1la mot LMI.

Tap nghiem cia LMI dude goi 1 tap chap nhan duge. N6 1a mot tap con
16i cia R™. That vay, néu F(x) < 0 va F(y) < 0 thi F(z) < 0, trong do6
z=~0x+ (1 —0)y véi moi 6 € [0,1]. Tinh chat nay ctia cdc LMI khién cho cac
bai toan LMI c¢6 thé dugc giai bing cac phuong phéap thusng dude st dung dé
gidi cac bai toan t6i uwu 1oi.

Bai toan LMI tiéu chuan: Hay xac dinh xem lidu ¢6 ton tai hay khong mot
x* € R™ sao cho F(z*) < 0 ding.
Day dugc goi 1a bai toan tinh kha thi ctia LMI. Tiic 14, néu ton tai mot z*

nhu vay thi LMI la kha thi; nguge lai, n6 1a khong kha thi.
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Muc nay sé dude khép lai v6i mot bd dé ndi tiéng ma thuong dude st dung
nhu mot céng cu hitu hieu dé bién doi cac bat ding thiic ma tran phi tuyén

vé dang LMI. Phat biéu chinh xéc ciia n6 nhu sau:

B6 dé 1.1 (B deé phan bit Schur, [8]). Gid st X,Y, Z la cic ma tran hdng
vdi s6 chiéu thich hop théa man X = X", Y =Y T > 0. Khi do¢
X zZ7

X+Z2Z'W'Z2<0 — <0.
7 -Y
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Chuong 2

BAI TOAN DPIEU KHIEN 7., CHO LGP HE NG-RON
CO TRE BIEN THIEN HON HOP

Chuong nay nham giéi thieu két qua dau tién ctia luan an. Cu thé la
chiing t6i sé trinh bay cac diéu kien du giai bai toan diéu khién H.o cho lép
hé no-ron c6 tré hon hgp. Noi dung ctia chuong duge trich tit bai béo [1] trong

danh muc cac cong trinh da cong bo ciia tac gid 6 lien quan dén luan an.
2.1. PHAT BIEU BAI TOAN

Xét mo hinh mang no-ron duge mo ta bdi hé phuong trinh vi phan c6
tré bién thién hdn hop:
t
z(t) = —Az(t) + Wof(z(t)) + Wig(x(t — h(t))) + Wo / c(z(s))ds
t—k(t)
+ Bu(t) + Cw(t)
2(t) = Ex(t) + Mz(t — h(t)) + Nu(t), t=>=0, (2.1)

z(t) = ¢(t), t € [=d,0],

§ day x(t) = [z1(t),22(t),...,2,(t)]T € R™ la véc to trang thai cia mo
hinh mang no-ron; u(t) € L?([0,s],R™) Vs > 0, la bién diéu khién dau vao;
w(t) € L*([0,00),R") 1a bién nhiéu/khong chic chin dau vao; z(t) € R®
14 ham quan sat dau ra cia mo hinh mang no-ron. Ma tran dudng chéo
A = diag{@y,as,...,a,},a@; > 0 Vi = 1,n biéu thi sy tu hoan ngugc (self-
feedback) no-ron va cdc ma tran Wy, Wi, Wy € R™ ™ tuong tng la ma tran
lien két trong s6, ma tran lien két trong sd v6i tré va ma tran lien két trong s

v6i tré phan phdi; B € R™™ N € R¥*™ 1a cac ma tran diéu khién dau vao;



35

C € R™ " la ma tran khong chac chian/nhiéu dau vao; E, M € R**™ 1a cdc ma
tran quan sat dau ra. h(t), k(t) 1a cAc ham tré bién thién theo thoi gian thoa

man
0< h < h(t) < hy, 0K k(t) < k, (2.2)

& day hi,ho,k 1a cidc hang s6 cho trudec. Ham dicu kien ban dau o(t) €
C([—d,0],R"), & day d = max{hs, k}, va

fa(®) = [fr(z1(t)), fa(z2(t)), .., Falza ()],
g(z(t = h(t))) = [g1(z1(t = h(2))), g2(@2(t = h(1))), - -, gn(za(t — h()))]",
c(z(t)) = [e1(z1(1)), ca(x2(t)), ., cal@n(®))],

la cac ham kich hoat khéc nhau sao cho v6i méi i € {1,...,n}, fi(), gi(-) va
¢i(+) 1a cac ham mot bién thyc lien tuc Lipschitz véi cac hang s6 Lipschitz tuong

tng 1a a;, b; va ¢;. Hon nita, gia st rang f;(0) = g;(0) = ¢;(0) =0 Vi =1,n.

Nhan xét 2.1. (i) Tu cac gia thiét trén suy dugc ngay véi mdi i € {1,...,n},

diéu kién tang trudng sau dang:

|fi(O)] < ailél,  19:(O)] < bilél,  ei§)] < cil§] VEER. (2.3)

(ii)) Mo hinh mang no-ron duge moé ta bsi hé phuong trinh vi phan c6 tré
bién thien hén hgp (2.1) vé6i cdc ham kich hoat khac nhau f(x(t)), g(z(t —
h(t))), c(x(t)) théa man diéu kién Lipschitz nhu trén sé ton tai duy nhat
nghiém trén khoang [0, +00) theo Dinh ly 1.3, Chuong 1.

Dinh nghia 2.1. Cho a > 0. Nghiém =z = 0 ctia hé (2.1) v6i u = 0, w = 0,
dugc goi 1a a—6n dinh mil néu ton tai mot hang s6 N > 1 sao cho moi nghiém
cua hé théa man

lz(t, )| < N|gllcre™®" Vvt > 0.
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Dinh nghia 2.2. Cho a > 0, v > 0. Bai toan diéu khién H., cho he (2.1)
tuong ung véi o, v dude goi la gidi dude néu ton tai mot ham diéu khién phan

hoi u(t) = Kz(t), K € R™*" thda méan cac diéu kién sau:
(i) Nghiém = = 0 ctia hé dong:
&(t) = —[A — BK]z(t) + Wo f(2(t)) + Wig(z(t — h(t)))
t
+ Wg/ c(z(s))ds
t—k(t)
z(t) = p(t), te[=d,0],
14 a—o6n dinh m.

(ii) Ton tai mot s6 thuc ¢y > 0 sao cho

;7 |2(t)]2dt

sup <7, (2.4)

o0
collllEs + bf (@) [t

§ day supremum dugc lay trén moi ham diéu kién ban dau ¢(t) €

C'([—d,0],R™) v& moi bién nhidu w(t) € L*([0,00),R"), w # 0.

Trong trusng hop nay, ta néi didu khién phan héi w(t) = Kz(t) on dinh héa
dang ma hé (2.1).

Nhan xét 2.2. Nhic lai rdng hau nhu moi he théng thuc (bao gom hé thong
didu khién no-ron) déu phéi chiu tdc dong ciia cac nhiéu loan bén ngoai va
trong mot sb6 truong hop diéu nay c6 thé lam gidm hiéu suét ctia hé théng néu
cac hiéu tng ciia chiing khong dude xem xét trong giai doan thiét ké. Nhicu
phuong phap da dugc dé xuat dé déi pho véi van dé nay va mot trong s6 do 1a
ki thuat diéu khién H., v6i gid dinh ring nhiéu bén ngoai thuoc khong gian
L?[0,00). Nhu da gidi thieu § Muc 1.2, Chuong 1, ¥ tuéng & day la thiét ké
mot didu khién duéi t6i wu dé gidm thiéu tdc dong ctia nhidu bén ngoai lén

dau ra. Cu thé 1a thiét ké mot bo diéu khién nhim dam bio chudn H., cua
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ham chuyén gitta dau ra dugc kiém soat z(¢) va nhidu bén ngoai w(t) khong

VUGt qua mot mic v > 0 cho trude. Tt d6, rang buoc gitta dau vao va dau ra
Izll2 < Allwlla Ve € L2([0,00),RY)

dugc thiét 1ap 6 cudéi Muc 1.2.2, Chuong 1 trong bdi cdnh hé khong cé tré va
didu kien ban dau z(0) = 0. O day, (2.4) duge ching toi dé xuit nhu mot mé

rong ctia rang budc trén thanh
122 < v(collellen + wl3) V() € CH([=d, 0], R™), Vw(-) € L*([0,00), R"),

v6i muc dich danh gia bién 16i dau ra z phu thuoc vao cid nhiéu ngoai sinh w

va diéu kién ban dau ¢ clia trang thai x.

Tiép theo 1a mot s6 bo dé ki thuat noi tiéng, cdc bd dé nay sé duge ching

toi st dung trong qua trinh chiing minh két qua chinh ¢ muc tiép theo.

Bé dé 2.1 (Bt ding thic Cauchy, [57]). Véi bat ky x,y € R™ va bat kj ma

tran xdc dinh duong N € R"*™, ta cé
+2yTx <y " Ny+ "Ntz

Bé6 dé 2.2 (Bat ding thitc Jensen, [18]). Cho M € R™ "™ la ma tran doi zing
zdc dinh duong, vo hudng v > 0 va ham véc to w : [0,7] — R™ sao cho cdc

tich phan co lién quan duogc xdac dinh. Khi do, ta co danh gia:

(/Oww(s)ds)TM (/va(s)ds> < 7/OVW(S)TJW(SMS_

2.2. KET QUA CHINH

Truéc khi trinh bay mot diéu kién di cho sy ton tai ctia diéu khién Hoo

cho he (2.1), ching toi st dung mot s6 ky hieu nhu sau:

F = diag{aq,...,a,}, G =diag{bs,...,b,}, H =diag{c1,...,cn},
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2 = max{c3,...,c2},

P =P @Q =rP'QP!, Ry =P 'RP! S =P lsp!

a1 = )\min(Pl)a

1
Qo = Amax(Pl) + hl)\max(Ql) + §h§)\max(Rl)

1 1 B
+ 5(hz — h1)%(hg + h1) Amax(S1) + 5CQkQAm(DQ b,

2
Q11 = —(AP + PA) + Q +2aP + ~CCT 4 2ke*** W, Dy W,y — %BBT
Y

—e2eh2 R L WoDoW, + WD WT,

1
Qo = —PA— 5BBT,

2
Qoo = —2P + h2R + (ho — h1)2S + 2ke***Wo D, W, + =CCT
Y

+ WoDoWy + WD, W],

933 — _€—2ah1Q . e—2ah25 Q44 — _6—2ah2R . 6_2Oéh/251
R .

Hon nita, dé don gian hoa cach trinh bay, nhu trong [44], gid st ring cac ma
tran E, M, N cia hé (2.1) théa man

NT[E M]=0, N'N=1I (2.5)

Tiép theo 1a két qua chinh clia muc ndy, ma nham cung cap mot dieu kién
du giai bai toan diéu khién H., ctia hé no-ron (2.1). Vé cd ban, chiing minh
dugce tién hanh duya trén viec xay dung cac phiém ham Lyapunov-Krasovskii

théa méan cac diéu kién ctia Dinh 1y 1.6.

Dinh ly 2.1. Cho a > 0, v > 0. Gid st cdc ma tran hé s6 cia hé (2.1) théa
man dieu kién: ton tai cic ma tran doi xiing zdc dinh duong P,Q, R, S va ba
ma tran duong chéo zdc dinh duong Dy, D1, Dy sao cho bit dang thiéc ma tran

tuyén tinh sau ding:
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-911 Qi 0 e 2¢h2p PET  PF PH 0 0 |
x oy O 0 0 0 0 0 0
* x  Qgg e 2ah2g 0 0 0 0 0
x %k Quq 0 0 0 PM" PG

Q=1 % * x * -1 0 0 0 0 <0.
* * * * * —%DO 0 0 0
* * * * * * —%Dg 0 0
* * * * * * * —%I 0
* * * * * * * * —%Dl
(2.6)

Khi dé, bai todn diéu khién Heo tng vdi cic hé s6 a, vy cho hé (2.1) la gidi

duge vdi ham diéu khién phdn hoi on dinh héa dang mi hé thong
1
u(t) = —§BTP_133(t), t>0,
va nghiém cia hé, khi nhiéu w = 0, théa man
a2 —at
lz(t, @)|| < a—1||90||016 vt > 0.

Chatng minh. Xét phiém ham Lyapunov—Krasovskii nhu sau:

5

V(t,z) =Y Vilt,xy),

=1

trong doé
Vi(t,z,) = 2" (t)Prx(t),

t
Va(t, 27) = / G057 (6)Qur(s) ds,
t—h1

0 t
Va(t,zy) = ho / / e220= 3T ()R () dds,
7h2 t+8

—hy t
Vi(t, ;) = (ha — h1) / / e20=Y3T(9)S,4(6) dbds,
—h2 t+8
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0 t
Vs(t,z¢) = / ) /t+ 20T (2(0)) D L e(2(0)) dds.

Khong khé dé chiing t6 rang

arllz®) P < V(t,z) VE=0 va V(0,20) < azlel2:. (2.7)

Lay dao ham cta V;(t,z;),7 = 1,...,5 theo t doc theo nghiém ctia he (2.1), ta

thu dugc

Vi(t, @) = 227 (t)Pyi(t)

= 2T (t)P [ — Az(t) + Wo f(z(t)) + Wig(z(t — h(t)))
Wo c(x(s))ds + Bu Cuw(t)|,
W [ g s + Bu(t) + )

Vg(t, xy) = xT(t)le(t) - e_2ah1:1:T(t — h1)Q1z(t — h1) — 2aVa(t, xy),
t
Va(t,zy) < h2a T (t)Ry1&(t) — hge 22h2 / @7 (s)Ryi(s) ds — 2aVa(t, x;),
t—ho
) t—hy
Va(t, ;) < (hg — h1)?3 7 (£)S1d(t) — (hg — hy)e 22 / @7 (s)S14(s) ds
t—ho

—2aVy(t, zy),
V5(t, xt) < k:cT(.r(t))Dglc(:L'(t)) — 20k /t_k cT(a:(s))Dglc(:v(s)) ds
—2aVs(t, zt).

Ap dung B6 dé 2.2 va cong thic Newton-Leibniz, ta danh gia duge

t
— ho / @7 (s)R1&(s) ds
t—ho

< —h(t) /t_h(t) @7 (s)Ryi(s) ds

([ Y [ )

= —[z(t) — x(t — h(t)]" Ryl (t) — x(t — h(t))]

= —x' (t)Riz(t) + 2z () Riz(t — h(t))
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— 2" (t — h(t))Ryx(t — h(t));

t—hq

— (hg — hl)/ @7 (s)S14(s) ds
t—ho

t—hy

< —(h(t) — hy) / 7 (s)S1(s) ds

t—h(t)

([ o) ([, o)
= —[x(t — h1) —2(t — h(1))]"Si[x(t — hy) — z(t — h(t))]

= —xT(t — hl)Slx(t - hl) + 23}T(t - hl)Slx(t - h(t))
— 2" (t — h(t))S1z(t — h(t)).

Stt dung gié thiét (2.3) va Dy 13 ma tran duong chéo xéc dinh duong cho phép
uGe lugng
ke (2(t))Dy te(x(t) < ka' (H)HDy *Ha(t).

Do do, ta co

V(t,xe) + 2aV(t,x¢)
<2'(t)[-2PIA— PiBB"Pi + Q1 — e **" Ry + kHD; ' H + 2aP; | x(t)
t) [26_2ah2R1}$(t - h(t)) + .’,i’T(t) [h%Rl + (hz — h1)251:|$(t)

t hl) [ — 6_2ah1Q1 — 6_2ah2 Sl}:c(t — hl)

+a'(
+aT(t—
+ 2" (t — hy)[2e72"2 8 ]z (t — h(t))
+a'(t—h(t)[ —e "Ry — e 2" S |a(t — h(t))
+ 22T () PyWo f(z(t)) + 227 () PyWig(x(t — h(t)))

+ 227 (t)P,Ws / c(z(s))ds + 2z (t) P,Cw(t)
t— k()

— 20k /t_k ¢ (x(s)) Dy e(x(s)) ds. (2.8)
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Nhan hai vé clia phuong trinh

t

—&(t) — Ax(t) + Wo f(z(t)) + Wig(z(t — h(t))) + Wa /t_k(t) c(x(s))ds

+ Bu(t) + Cw(t) = 0.
v6i 227 (t) Py ta duge
27 (t) Py [ —&(t) — Az(t) + Wo f(z(t)) + Wig(z(t — h(?)))

+ Ws /t c(z(s))ds + Bu(t) + Cw(t)| = 0.
t—k(t)

St dung Bo dé 2.1, B6 dé 2.2, diéu kien (2.3) va Dy, D1, Dy 1 cac ma tran

duong chéo xac dinh duong, dé thiy cac udc luong sau diung

22T () PAWo f(x(t)) < 2T () PLWoDoWy Pras(t) + fT(2(1)) Dy * f(x(t))
< z"(H)PLWoDoWy Pia(t) + 27 (t)F Dy ' Fa(t),
20T () PLWig(z(t — h(t))) < z' (t)PLW1 Dy W, Pra(t)
+g" (x(t — h(t)) Dy g((t — h(1)))
<z () PLW, D W Pya(t)
+ 2T (t — h(t))GD; G (t — h(t)),

20T (1) PLCw(t) < %azT(t)PlCC’TPlx(t) + 2T 0wlt)

t

2x T (t) Py W, /t_k(t) c(x(s))ds

< 2ke2* 2T () PLWo Do W3 Pya(t)

e [ ) ([ o)

t
< 2ke2* T () PLWo Do Wy Pya(t) + 2:@%; / c'(2(s)) Dy e(x(s))ds
t—k(t)

1 t
< 2ke? R T () PyWo Dy W) Prac(t) + W/ ) c'(2(s)) Dy e(xz(s))ds.
t—
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Twong ty, ching ta ciing c6

28T () PLWo f(z(t)) < &7 (t)PLWoDoWy Pyic(t) + 2" (t)F Dy ' Fa(t),
22T (1) Py Wig(x(t — h(t))) < &7 (t)PLW,DyW{ Pyi(t)
+ 2T (t — h(t))GD; ' Ga(t — h(t)),

24T ()P, Cui(t) < %iT(t)PlCCTPlj:(t) + LT (ewle),

t
247 (t)P,Wo / c(x(s))ds < 2ke*** T (t) PyWy Doy W, P (t)
t—k(t)

1

+ So2ak /t_k CT(:U(S))Dz_lc(x(s))ds.

Vi vay, tir (2.8) suy ra

V(t,z¢) + 2aV (t, )
<2 () [ —9PyA— PBB"P, + Q) — e 2" R, + kHD; 'H + 2P,
+ PiWoDoW, Py +2F Dy 'F + PLW,DW] Py + %PlCCTPl
+ 2ke2k P Wy Dy W Pl] () + 27 (t)[ - 24P, — PLBBT Py]i(t)
+ 2T (t) [26_2ah2 Ry]z(t — h(t))
T () [h%Rl + (ho — h1)2S1 — 2P, + P,WoDoW{ P,

2
+ PW,DW] P+ ;PlcCTPl + 2ke2k P W, Dy Wi Pl] #(t)

+ $T(t — hl) [ — G_QthQl — 6_2ah251]$(t — hl)
+ 2T (t —hy) [Qe_zahQSl}x(t — h(t))
+a'(t—h(t)[—e "Ry — e 2" 8 + 2GD; Gl x(t — h(t))

+ (). (2.9)
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Dat y(t) = P71z(t), (2.9) tré thanh
V(t,z) + 20V (¢, z;)
<yT () [ ~9AP - BBT +Q — e %2R 4 kPHD;'HP + 2aP
+ WoDoW{ +2PFDy *FP + W, DWW + %OCT
+ 2ke2 R Wy Dy W ] y(t) +yT(t)[ - 2PA - BBT)j(t)
+y' (1) [2e72* 2 Ry (t — h(t))
T () [th + (ho — h1)2S — 2P + WoDoWT + WD, WT
n %CCT + 2ke2R YW, Dy Wi } ()
+y'(t—h)[—e?MQ — e 5]y(t — hy)
+yT(t — ha)[2e72°"2S]y(t — h(t))
+y"(t—h(t)[— e ?" R — e ?*" S+ 2PGD ' GP]y(t — h(t))
+llw(®)]?.
T do,
V(t, ) +2aV () < & (HEE() + llw ()]
—y'(t)[2PETEP + %BBT}y(t)
—y'(t— h(t)[2PMTMPly(t — h(?t)), (2.10)

v6i

€0 = [T IO ye-h) -k

=11 219 0 6_2ah2R
— b 522 0 0
T * * =33 e 2ah2 g ,
* * * =44

Z11 =1 +kPHD;'"HP + 2PFDy'FP +2PE"EP,
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Hig = 2, Ego = a2, Esz3 = (33,

Z44 = Q4 +2PGD; 'GP +2PM T MP.

Bd&i Bo dé 1.1, d& thay ring = < 0 khi v& chi khi Q < 0. Vi thé, tit (2.6) va
(2.10) suy ra

. 1
V(t,@) +2aV(t,20) <ylw®)|” —y' (1) [2PETEP + S BB [y(t)

—y'(t — h(t)[2PMTMP]y(t — h(2)), (2.11)

Cho w(t) = 0, va béi vi
yT(t)[2PETEP + iBBT}y(t) >0, 4T (t — h(t)[2PMTMP)y(t — h(t)) > 0,
tir (2.11) ta thay rang

V(t,z) 4+ 2aV (t,x,) <0 Vt > 0. (2.12)
Diat v(t) = 2V (t,z;). Lay dao ham theo thdi gian ctia v(t), ta c6

B(t) = e2ot (V(t,:ct) n 20¢V(t,xt)> <0 V> 0.
Lay tich phan hai vé ctia bat dang thic trén tir 0 t6i t, ta thu dudc
v(t) —v(0) <0 <= >V (t,z;) - V(0,20) <O.

Tu do suy ra
V(t,zy) < V(0,z0)e 2" vVt > 0.

Hon nita, béi (2.7), ta co
O[l”.fll’(t, QO)HQ < V(taxt) < V(OaxO)eizat < a2HSOH2C1€72at7

va do do

a2 _
Izt o)l < 5 Iellere “ V>0,
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nghia 14 nghiém = = 0 cfia hé déng (khi khong c6 nhiéu) 14 a—o6n dinh mii. Dé
hoan tat chiing minh ciia dinh 1y, ta con phai chiing t6 diéu kién mtc y—toi

u (2.4). Dé dat dugc didu do, ta xét méi lien hé sau day
[ 0wl = [ @R+ @) [V
T V(t,z:) > 0, ta co
—/OSV(t,xt)dt V(s 2) + V(0,20) < V(0,20) Vs > 0.
Vi vay, v6i moi s > 0,

/0 [z = yllw®)|?]dt < /O (120117 = @ + V (¢, 20)]dt + V (0, 20).
(2.13)
T cach xay dyng ham V (¢, x;), dé thay

V(t,z) > 2" (t)Pia(t) = y' (t)Py(t),
do d6 tur (2.11) thu duge
V(t,z) < ylw®)|? = 2ay" (1) Py(t) —y" (t)[2PETEP + %BBT}y(t)
—y'(t — h(t))[2PM T MP]y(t — h(t)), (2.14)
Nhan xét rang béi (2.1) va (2.5), sd hang ||2(¢)]|* dudc danh gia nhu sau

l2(O11* = (Bx(t), Ex(t)) + 2(Ma(t — h(t)), Ex(t))

+ (Mx(t — h(t)), Mz(t — h(t))) + (u(t), u(t))

< 2(EBx(t), Bx(t)) + 2(Mz(t — h(t)), Mx(t — h(t))) + (u(t), u(t))
y' () [PETEP]y(t) + 2y (t — h(t))[PMTMP]y(t — h(t))
¥ in“) BB]y(1)

=y' (t)[2PETEP + ;lBBT} y(t)

+y"(t — h(t))[2PMTMP]y(t — h(t)). (2.15)
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Thay udc luong ctia V (¢, ;) va ||z(t)||? tuong tng duge xac dinh tir (2.14) va
(2.15) vao (2.13), ta thu dugc

[ 1007 = lto?lde < [ 1= 2007 @ Py(o]de + V(0. 0)
Vi yT(t)Py(t) > 0 nén didu nay kéo theo
/ 12 = Alw(®)]2]dt < V(0,20) < asllolZa
ma tuong duong véi
/ Jo(t)|2dt < / Aw(t) |2t + as ]2

Bang cich cho s — 0o, va dit ¢y = 2 >0, bat dang thitc trén suy ra

Jo ll=(t)]|dt
collellgs + Jy~ lw(®)]2dt

Uéc lugng nay ding véi moi w(t) € L?([0,00),R"), w # 0 vd moi p(t) €
C([—d,0],R"), do d6 diéu kién (2.4) ding. Diéu nay hoan tat ching minh
cua dinh ly. ]

Nhan xét 2.3. Trong cac tai liéu [21, 32, 45, 47|, cac an sd bo sung va cac ma
tran trong sb6 tu do dugc gidi thieu dé tao tinh linh hoat trong viec giai céac
LMI thu dugc. Tuy nhién, qua nhiéu an sé va ma tran trong sb tu do dugc st
dung trong cac phuong phap hién hanh khién viéc phan tich hé thong tré nén
phiic tap va lam ting dang ké nhu cau tinh toan. Dé tranh nhuge diém do,
trong Dinh 1y 2.1 chting t6i hoan toan khong dua vao bat cit ma tran trong s6

tu do nao.

Nhan xét 2.4. Két qua ma ching to6i dé xuat ciing da khac phuc dude mit
han ché trong cac két qua da co [21, 45, 46, 47] vé tinh kha vi ctia do tré; hon
nta, tré roi rac h(t) cing da dugc mé rong thanh cong sang trusng hgp nhan

gia tri trong mot khoang, nghia 1a lac nay ham tré duge phép bién thién nhanh
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theo thoi gian véi can dudi hq clia né cé thé 1a mot sé thuc duong. Ngoai ra,
ham diéu khién phan hoi 6n dinh héa dugc thiét ké dua trén viec tim nghiem
clia mot bat dang thic ma tran tuyén tinh. Vi ly do dé, tiéu chuan ciia chiing

toi 1a sy md rong dang ké clia cac tieu chuan da dudce dé xuat trong [46, 47].

Nhan xét 2.5. Ro rang 1a cac s6 hang clla ma tran khdi Q phu thuoc don
diéu theo do tré nén tinh kha thi cia LMI (2.6) sé cang tang khi cac dai lugng
h1, ha, k cang bé. Dic biet, néu (2.6) c¢6 nghiém vé6i do tré hy, ho, k duong nao

d6 thi né ciing sé c6 nghiém véi moi hi, ho, k bé hon hq, he, k theo thtt tu d6
2.3. VI DU MINH HOA

Tiép theo 14 mot vi du s6 nham minh hoa cho cac wu diém néu trén cia

Dinh Iy 2.1.
Vi du 2.1. Xét hé no-ron (2.1) vé6i cac tham s6 dude cho cu thé nhu sau

2 00 1 02 05 05 02 0

A=10 3 o, Wo=101 02 0|, Wi=]0 02 01},
0 0 2 02 0 0.1 0.1 0 0.2
0.8 0.1 0.1 2 1 0 0
We=10 01 02(, B=10|, C=1]0 05 0],
02 1 0 0 2 0 0.9
0.1 0 0 005 0 0 02 0 0
F=10 02 0}, G=|0 01 0}, H=]0 01 0|,
0 0 02 0 0 02 0 0 05
2 2 2 2 1
-3 0 3 -3 0 3 3
E=0.2x % -1 0|, M=0.15x% % -1 o], N= %,
1 1 2
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0.1+ 0.4sint néu t € I =502k, (2k + 1)7],
0.1 néu t € Ry \ I,

k(t) =0.2|cost| v6i t € R,.

Chi ¥ réng cdc ham tré h(t), k() 1a khong kha vi, do d6, cadc ham didu khién
duge thiét ké trong [40, 45, 46, 47] khong thé ap dung cho hé nay.

Bing cach sit dung hop cong cu LMI trong MATLAB [16], bat dang thiic
ma tran tuyén tinh (2.6) l1a gidi dugc v6i hy = 0.1, hy = 0.5, k = 0.2, a =

0.1, y =8 va

9.9843 0.9991 3.7546 2.5768 0.0721 0.7940
P=109991 1.2459 0.6756|, @ = [0.0721 0.2127 0.0504 |
3.7546 0.6756 5.8076 0.7940 0.0504 1.5073
1.5329 0.2566 0.9224 5.3919 0.3018 1.9757
R=10.2566 0.1102 0.2167|, S = [0.3018 0.3783 0.2556 ,
0.9224 0.2167 1.3352 1.9757 0.2556 3.4961
0.8189 0 0 1.0917 0 0
Dy = 0 0.9290 0 , D= 0 0.7752 0 3
0 0 1.4956 0 0 2.8904
0.9299 0 0
Dy = 0 0.2761 0
0 0 1.4320

Ham diéu khién phan hdi én dinh héa hé thong duge xac dinh béi
1
u(t) = —§BTP_1:1;(t) = [-0.1372 0.0661 0.0810]z(t)
Hon nita, nghiém x(¢, ¢) ctia hé théa man

lo(t, )| < 3.3950] gl e vt > 0.



50
Hinh 2.1 minh hoa nghiém déap tng vé6i diéu kién ban dau

90(75)2{1 1.2 1.5]T Vt € [-0.5,0].

X,©
— X0
X0

X, (05,0 %,(0)

Hinh 2.1: Nghiém dap tng ctia hé dong

KET LUAN CHUONG 2

Trong chuong nay, bang cach xay dung cac phiém ham Lyapunov-Krasovskii
méi, ma chit yéu dya trén thong tin vé can trén va can dudi clia ham tré, két
hop véi cong thitic NewtonLeibniz, bat dang thic Jensen cling ki thuat LMI,
ching t6i da thiét ké dugc mot ham dieu khién phan hoi gidi bai toan diéu
khién H.o cho 16p hé no-ron cé tré bién thien hén hgp, trong dé yéu t6 tré
rdi rac dugce gia thiét 1a mot ham lién tuc theo thoi gian (khong doi hoéi tinh
khé vi), nhan gié tri trong mot khodng va hién dién 6 cd ham trang thai va
ham quan sat. Diéu kién nhan dugc c6 dang phu thuoc tré va cé thé duge
kiém tra mot cidch dé dang bing cach st dung hop cong cu diéu khién LMI

cia MATLAB.
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Chuong 3

BAI TOAN DPIEU KHIEN #. TRONG THOI GIAN
HUU HAN CHO LOP HE ROI RAC TUYEN TINH CO
TRE BIEN THIEN THEO THOI GIAN DANG KHOANG

Chuong nay nhim trinh bay cac diéu kien du giai bai toan diéu khién
Hoo trong thoi gian hitu han cho 16p hé roi rac tuyén tinh cé tré bién thien
theo thoi gian dang khodng, day ciing 1a két qua thit hai ma ching to6i nhan
dugce trong qua trinh thyc hién dé tai. Noi dung cia chuong dudc trich tit bai
béo [2] trong danh muc cac cong trinh da cong bo clia tac gid co lien quan dén

luan an.
3.1. KHAI NIEM 6N DINH TRONG THOI GIAN HUU HAN

Khéi niém on dinh trong thsi gian hitu han (FTS) dudc khdi xuéng tir
ntta dau ctia nhitng nam 1950, khi né lan dau tien dugce gi6i thieu trong céc
tai lieu tiéng Nga [5, 26]. Gan mot thap ky sau d6, khéi niém nay cling xuét
hién trong cac tap chi phuwong Tay. N6i nom na, mot hé duge néi la on dinh
trong thoi gian hitu han néu, cho truéc mot can trén diéu kién ban dau, trang
thai ctia n6 khong vugt qua mot ngudng nhat dinh trong sudét mot khoang thoi

gian da dinh. Chinh xac hon, véi hé:

o(t) = f(t,x(1), =x(to) = o, (3.1)
trong d6 x(t) € R™, ta c6 dinh nghia sau:

Dinh nghia 3.1 ([5]). Cho truéc mot thai diém ban dau tg, mot vo hudng
T > 0 va cac tap Xo, X;. He (3.1) dudc goi 1a én dinh trong thai gian hitu han
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ting véi (to, T, Xo, X¢) néu

ro € Xog = x(t) € Xy VtE€ [to,to+ T, (3.2)
§ day x(t) ky hiéu nghiém ctia he (3.1) xuat phat tit 7 tai thoi diém t.

Cac tap Xg (tap/mién ban dau) va X; (tap/mién quy dao) sé 1a cac ellipsoid
khi cac ham Lyapunov toan phuong duge sit dung, hoac sé la cac hinh da dién
(polytope) khi cdc ham Lyapunov toan phuong ting khic duge sit dung. Luu
v rang tap quy dao dudc phép thay doi theo thoi gian. Béi tinh dat chinh ciia
Dinh nghia 3.1, phai ¢c6 Xy C X;,. Tuy nhién, néi chung, khong bat buoc rang
X phéai chta trong X; v6i t > t.

Dé tim hiéu tai sao tinh chat dugc biéu thi béi (3.2) lai duge goi 1a FTS,
ta nhic lai dinh nghia vé tinh on dinh Lyapunov (LS) c6 dién: nghiém tam
thudng ctia he (3.1) dudc néi 1a on dinh theo nghia Lyapunov néu véi moi

e > 0, ton tai mot s6 6 = d(e,tg) > 0 sao cho
[zoll <6 = lz(®)]| <e V=t

Do d6, hé 14 LS néu, ngay khi mot gia tri tity ¥ cho e dugc ¢b dinh, ta cé thé
xay dung mot qua cau trong (c6 ban kinh §) sao cho mot khi dieu kién ban
dau o thuoc qud cau trong, quy dao cia hé zuat phdt tw xo khong thodt khdi
qud cau ngoai (cé ban kinh €); hon nita, tinh chat nay ding vdi moi t gitia to
Va4 0.

Tré lai Dinh nghia 3.1, chiing ta ¢6 mot tap trong Xy va mot tap ngoai X;,
va bat buoc rang mot khi quy dao zudt phdt t tap trong, né khong duoc thodt
khéi tap ngoai. Cach nhin nay 1y giai cho viec sit dung thuat ngi tinh on dinh;
tuy nhién, khic véi LS, diéu nay chi bat buoc trén mot khodng thoi gian hiu
han.

Luu ¥y rang LS 1a mot khdi niém dinh tinh (tic 1a, cd qué cau trong va

qué cau ngoai déu khong duge dinh lugng); do d6, LS c6 thé dude coi 1a mot
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tinh chat thuoc vé cau tric: mot hée hoic én dinh, hodc khong 6n dinh. Ngugc
lai, FT'S 1a mot khd: niém dinh lugng, vi cac tap trong va ngoai duge dinh ro
ditt khoat ngay tit dau. Do d6, ciing mot hé c¢6 thé 6n dinh hitu han véi cach
chon nao dé ctia Xg, X; va T va khong 6n dinh hitu han v6i mot cach chon
khac clia cac tap va tham sé nay. He qua la, FT'S va LS la nhiing khdi niém
doc lap; that vay, mot hé c6 thé 6n dinh hitu han nhung khong én dinh theo
nghia Lyapunov va ngudc lai. Trong khi LS dé cap dén dang diéu ctia hé trong
mot khodng thoi gian vo han, FTS la mot khai niém thyc hanh hon, hitu ich
dé nghién cttu dang diéu ctia hé trong mot khodng thoi gian hitu han (cé thé
ngian), va do d6 n6é tim thay tng dung bat ctt khi ndo duge yéu cau ring cac
bién trang thai khong dudc vugt qua mot ngudng nhat dinh trong sudt mot

khoang thoi gian ngan cho truéc nao do.
3.2. PHAT BIEU BAI TOAN

Bai toan thi hai dudc dé cap trong luan an la bai toan dieu khién Ho
trong thoi gian hitu han cho 16p hé roi rac tuyén tinh c6 tré bién thién dang

khoang:

z(k+ 1) = Ax(k) + Agz(k — h(k)) + Bu(k) + Gw(k),
z(k) = Cx(k) + Cqz(k — h(k)), k€ Zy, (3.3)
l’(k) :Sp(k.)v k€ {_h27_h2+17"'70}7
§ day x(k) € R™ la véc to trang thai; u(k) € R™ la bién diéu khién dau
vao; z(k) € RP la ham quan sat dau ra; A, Ay € R"™" B € R"™™ G €

R™¥4 C,Cy; € RP*™ 1a cac ma tran hang thyc cho truée; h(k) 1a ham tré thoa

man diéu kién

0<hy <h(k)<hy VkeZ,, (3.4)
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& day hi, ho 1a céc s6 nguyen duong cho trudce; ¢(k) 1a ham diéu kién ban dau;

w(k) € RY 13 bién nhiéu thoéa man diéu kien

> wl(k)w(k) < d, (3.5)
k=0

v6i d 1a mot s6 thiye duong cho trude.

Dinh nghia 3.2. Cho truéc cac sd6 duong N, cy,co,c1 < c3 vA mot ma tran
xac dinh duong doi xing R, hé (3.3) vdi u(k) = 0 duge goi 1a bi chan trong
thoi gian hitu han tng véi (c1, c2, R, N) néu

T T
k)Ro(k) < k)R (k Wk =12 .. N,
ke{—h;l—lzf—i-l,...,o}w (F)Re(k) < e1 = @ (k)R (k) < e

v6i moi nhiéu w(k) thoéa (3.5).

Dinh nghia 3.3. Cho truéc cac s6 duong v, N, c1, ¢z, ¢1 < ¢2 va mot ma tran
xac dinh duong do6i xing R, hé (3.3) v6i u(k) = 0 duge goi 1a Hoo—bi chin

trong thoi gian hitu han tng v6i (c1, ca, R, N) néu hai diéu kién sau dung:

(i) He (3.3) v6i u(k) = 0 1a bi chin trong thoi gian hitu han tng véi
(Cla C2, R7 N)

(ii) Dudi dieu kien dau bang khong (nghia la o(k) = 0 Vk € {—ha, —ho +
1,...,0}), dau ra z(k) thoa méan

ST )ak) <7 Y wT (R (h), (36)

v6i moi nhiéu w(k) thoéa (3.5).

Dinh nghia 3.4. Cho truéc cac s6 duong v, N, c1, ¢, c1 < ¢ va mot ma tran
xac dinh duong doi xing R. Bai toan diéu khién H, trong thoi gian hitu han
cho he (3.3) duge goi 1a gidi dude néu ton tai mot ham diéu khién phan hoi
u(k) = Kz(k) sao cho hé déng thu dugc 1a Ho,—bi chin trong thoi gian hiu

han tng v6i (c1,c2, R, N).
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3.3. CAC KET QUA CHINH

Truée hét 14 mot két qua vé tinh H.o—bi chan trong thdi gian hitu han

cho 16p he (3.3) v6i u(k) = 0, ma duge phat biéu mot cach chinh xac nhu sau:

Dinh ly 3.1. Cho trudc cac 50 duong v, N,c1,co v01 ¢ < co va mot ma tran

zdc dinh duong doi xing R. Gid st rang cdc ma trgn hé s6 ciua hé (3.3) théa

man dieu kién sau: ton tai cic ma tran xdc dinh duong doi xing P,Q, cic vo

hudng duong Ai, Ao, A3 va mot s6 thuc § > 1 sao cho cdc bat dang thic ma

tran sau dung:

MR < P<XR, Q<AR,

5P+ (ha—hi+1)Q 0

* —6mQ
* *
* *
* *
_7d — o616 TN, PA3
* —cy 0NN, 0
* * —pAs3

*%ZPOO

< 0.

(3.7)
ATP (7]
ATP T
G'P 0| <0, (3.8)
“P 0
* -1

(3.9)

Khi dé hé (3.3) vdi u(k) = 0 la Hoo—bi chan trong thoi gian hdu han dng vdi
(c1,c0, R, N). O diy p:=cyoNTha—1 |:h25 + hQ(hrl)ghl(hlfl)].

Ching minh. Xét ham toan phuong khong am sau day:

V(k) = Vi(k) + Va(k) + Vs(k),

trong do6
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—h1+1 k—1

k= > S T (1)),

s:—h2+2 t:k—1+8

Lay bién thé sai phan ctia V;(k),i = 1,2,3, ta c6

Vilk+1)—46Vi(k)

=2 (k+1)Px(k+1) — oz (k) Px(k)

x(k) AT z(k)
= |tk —h(k)| |AT| P4 As G |k —n(k)| - 2T (R)Pa(k),
w(k) aT w(k)

(Vo + V3)(k+1) —6(Va + V3) (k)

k k—1
= Z oF 52T (5)Qux(s) — Z oF 02T (5)Qux(s)
s=k+1—h(k+1) s=k—h(k)
—hi+l K —hi+1 k-1
+ Z Z SF T () Qu(t) — Z Z St T () Qu(t)
s=—ho+2t=k+s s=—ho+2t=k—1+s
k—1 k—h1
—TRQ() + > T (Qa(s) + > 8T (5)Qu(s)
s=k—hi+1 s=k+1—h(k+1)
k—1
— ) T (s)Qu(s) — "W aT (k — h(k))Qz(k — h(k))
s=k—h(k)+1
—hy1+1
+ Z Z 51(: t T QCE’ Z 5k: t T Ql’ )
s=—ho+2 t=k-+s t=k-+s
— 07T (k=14 5)Qu(k — 1+ s)]
k—1 k—1
=2 (R)Qa(k)+ Y S uT(5)Quls) — Y 8T (5)Qu(s)
s=k—h1+1 s=k—h(k)+1
k—h1

+ Y T (s)Qu(s) — "W aT(k — h(k))Qu(k — h(k))
s=k4+1—h(k+1)
—hi1+1
+ Z (27 (k)Qxz(k) — ' *zT(k — 1+ s)Qu(k — 1 + )]

s=—ho+2
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k—h1
<z (B)Quk)+ > 6 aT(s)Qu(s)
s=k+1—h(k+1)
— "B T (ke — h(k))Qu(k — h(k)) + (hg — hy)xT (k)Qx(k)
—h1+1
- Z ST (k=14 5)Qu(k —1+5)
s=—hgo+2
< (hy — hy + D" (B)Qx(k) — 6™z T (k — h(k))Qz(k — h(k))
k—h1 k—h1
+ Z §F 52T (5)Qu(s) — Z F 5T (5)Qu(s)
s=k+1—h(k+1) s=k+1—ho

< (hg — h1 4+ Dz (B)Qx(k) — 6™ (k — h(k))Qx(k — h(k)).
Do do6

V(k+1)—6V(k)

x(k) AT x(k)
< latk—n)| (AT PlA As 6] |atk—h())
w(k) GT w(k)

+ 2" (k)[-0P + (hy — b1 + 1)Q]x(k) — 6™ 2T (k — h(k))Qz(k — h(k))

+ 2T (k)2(k) = s (R (k) + s (Rw(k) - =7 (k)=(k).

Nhan xét rang bang cach dit

T

€)= 2T () aT(k—h(k) WT(R)]

T = [PA PA, PG},

—6P+ (ha —h1 +1)Q +CTC CTCy 0
P = % —5’“@—1—0}@1 0 )
* * _5LNI
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ta thay ngay

x(k) AT x(k)
ek —n(k)| |AT| P4 A0 G| etk )| = € RTTPTITER)
w(k) GT w(k)

va

2T (k)[=6P + (ha — b1 + 1)Q]a(k) — 6™z (k — h(k))Qz(k — h(k))
+ 2T (k)2(k) = s (Rw(k)

=2 (k)[=0P + (ha — b1 + 1)Q + C ' Clx(k) + 22" (k)C" Caz(k — h(k))
+ 2T (k= h(k))[<0" Q + C Caa(k — h(k)) — s (Rw(k)

= T (k)PE(k).
Vi thé, ta viét gon dudc

V(k+1)—6V(k) <ET(k) [+ YTTP Y] £(k) + —ew (k)w(k) — 2" (k)z(k).

SN
(3.10)
Tiép theo, bsi B dé 1.1, ta thay
d+TTPIT <0
—0P + (hy —h1 +1)Q + CTC CTCy 0 ATP
x —MQ+CJCy 0 AJP
< <0
) ¥ ~%I GTP
* * * —-P
hay
—0P + (hz —h1 + 1)Q 0 0 ATP cT
. _§mQ 0 ATP cT
i [C Cy 0 0} <0,
; v = GTP 0
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ma hién nhién 13 tuwong duong véi bat dang thitc (3.8). Vi Iy do nay, tit (3.10)

suy ra rang

V(k+1)— 0V (k) < 5leT(k)w(k;) Vk € 7.

Uéc luong nay cé thé dude viét lai nhu sau

V(k) <V(E—1)+ 5leT(k: Dk —1) VE=1,2,...

B&i phép lap, va dé y dén gia thiét (3.5), bat ding thitc (3.11) cho ta

k—1
V (k) <8V (0) + 5lN 3w (s)w(s)
s=0

N-1
<NV (0) + 51N5N—1 3 W (s)w(s)
s=0
N i

Bay gio, béi (3.7) va diéu kien ban dau z(k) = p(k) Vk € {—ha, —ha+1,

hién nhién rang
-1
V(0) = 27 (0)Px(0) + Z 6152 T(5)Qux(s)
s=—h(0)
—h1+1 -1

+ >0 DT T ()Qu(

s=—ho+2t=—1+s

-1
< Aoz (0)Rz(0) + As6™ 1 Y~ 2T (s)Ra(s)
$:—h2
—h1+1 -1
+A36"72 Y Y aT(t)Ra(t)
S:—h2—|—2 t=—1+s
ho(hy —1) — hy(hy — 1)

> 5h2_2 Cq.

< [AQ 4 Aghod™ 1 4 Ay
T (3.12) va (3.13), ta duge

Vk) <N+ %d vk € Z,.

(3.11)

(3.12)

..., 0),

(3.13)

(3.14)
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§day o = [)\2 F Ashpdh? 4 Ay h2<h2‘1)gh1<h1—1>5h2—2} ¢1. Mt khac, ciing tir

(3.7) suy ra
V(k) = 2" (k)Px(k) > \a" (k)Rx(k) Vk € Z,. (3.15)

Nhan xét rang bdi Bo dé 1.1, bat dang thic (3.9) tuong duong véi

-1

615N+1)\2 0 616N+1)\2
vd — ca0A + [015N+1>\2 p)\3:| <0
0 PA3 PA3
(015N+1)\2)_1 0 015N+1)\2
=y = 20M + 18V g <0
0 (pAz)~* PA3

< ’}/d — 01 + 015N+1)\2 + ,O)\g <0

< ’Yd - 625)\1 + 015N+1)\2 + 015N+h2_1 |:h,2(5 + h2(h2_1);h1(h1_1)])\3 <0

— N 4 vd — 260 < 0. (3.16)
Vi vay, tur (3.14), (3.15) va (3.16) ta nhan dugc:

1
T N+1
x (k)Rz(k) < W [5 o+ 'yd} < cg,

titc he dang xét 1a bi chan trong thdi gian hitu han tng véi (1, co, R, N). Dé
hoan tat chiing minh ctia dinh 1y, ta con phai ching té diéu kién mic v hitu
han (3.6) dang. V6i muc dich do, tur (3.10) suy ra

Vik+1) <OV(k) + 5leT(k)w(k) ~ 2T (k)2(k) Vk e Zo,

va béi phép lap, ta co
k—1 5
0< V(k) <5V(O0)+ > skt [5—NWT(S)W(S) - zT(s)z(s)]. (3.17)
s=0

Dudi diéu kién dau bang khong, dé thay V(0) = 0 do d6 (3.17) cho ta

k—1 k—1

Z SF1752T(8)2(s) < Z 5k_1_861NwT(s)w(s).

s=0 s=0
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T do, véi k= N + 1, ta ¢6

SN2 (s)2(s) < 4 55;&(3)@0(8). (3.18)

s=0 s=0

Vil<oV=s <6 vse{0,1,...,N} nén (3.18) kéo theo
N
ST (9)2(s) < 73w (s)uls),
s=0 5=0
nghia la, diéu kién (3.6) dugc ching minh. Dinh 1§ dugc chitng minh hoan

toan. O

Tiép theo, chiing toi sé gidi bai toan diéu khién H.. trong thdi gian hitu han
cho hé (3.3) bing cach thiét ké mot ham dic¢u khién phan hoi u(k) = Kz (k)

sao cho hé déng thu dugc

z(k+1) = (A+ BK)xz(k) + Aqz(k — h(k)) + Gw(k),
z(k) = Cx(k) + Cqz(k — h(k)), k€ Z;, (3.19)

ZB(k’) = QO(IC), ke {_h2; _h2 + 1a cee 70}7
la Hoo—bi chan trong thaoi gian hitu han.

Dinh ly 3.2. Cho trudc cic s6 duong v, N, c1,co vdi c1 < co va mot ma tran
zdc dinh duong doi ming R. Gid st rang cdc ma tran hé s6 ciua hé (3.3) théa
man diéu kién: ton tai cac ma tran zdc dinh duong doi xing U, V, W1, Wy, W3,
mot ma tran Y va mot s6 thuc 6 > 1 sao cho cdc bat dang thic ma tran sau

ding:

U< Wy, V<Ws, (320)



U+ (hg =y + 1)V 0

* —§mv
* *

* *

k

—W1 615N+1W2

* —c NI,

* *

—pWs

W1 — C25U ’)/dUR

*

< 0.
—vdR
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0 UAT +YTBT

0 UAY
—&I GT

* U

k

UcT
e
0 | <0,
0
—I
(3.21)
(3.22)
(3.23)

Khi dé, bai todn diéu khién Heo trong thoi gian hitu han cho hé (3.3) la gidi

dugc. Hon nita, ham diéu khién phdn hoi dude cho bdi

u(k)=YU™

ta(k),

keZ,.

Chitng minh. Hién nhién ring, theo Dinh ly 3.1, hé (3.19) 14 Ho,—bi chin

trong thoi gian hitu han néu ton tai cadc ma tran xac dinh duong déi xing

P, (Q, cac vo huéng duong A1, A2, A3 va mot s6 thuc § > 1 sao cho céc bat dang

thic (3.7)-(3.9) ding, trong d6 ma tran A + BK sé& thé chd clia ma tran A.

N6i cach khac, tuong ting véi (3.8), ta ¢

—5P + (hy — h1 + 1)Q

0
_5h1Q

*

*

*

*

*

0 (A+BK)'P
0 ATP

— sk GTp
* —-P

*

CT

Cq
0
0

—1

< 0. (3.24)

Nhan phia trude va phia sau (3.24) béi ma tran diag{P~!, P~ [, P~} I} >0
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ta di dén
(5P~ 4 (ho — b1 + 1) P QP! 0 0 P Y(A+ BK)"P\CT]
* —sMpTiQPTt 0 PtAl  PTC)
* * — I GT 0 < 0.
% * * —p! 0
* * * * -1
(3.25)

Qua phép ddi bién: U = P!, V = P~'QP~!, (3.25) tr thanh

U+ (hs—hi+ 1)V 0 0 U(A+BK)T UCT]
\ sy vAl  UCT
% * —sk 1 GT 0 < 0.
\ \ ) U 0
\ \ ] \ 1

Tiép tuc, bang cach diat YT = UK, K = YU ™!, ta dugc ngay bat dang thic
(3.21). Dé nhan dugce (3.22), lwu ¥ réing bat dang thitc (3.9) c6 thé duge coi

nhu
(’Yd — 025)\1)1 Cl5N+1AQI p)\gl

* —015N+1>\2_[ 0 < 0. (326)
* * —pAgI
Nhan phia sau (3.26) b6i ma tran diag{ R, R, R} > 0 ta dugc

’}/dR - CQ&AlR 015N+1)\2R p/\gR
x —e8NHILR 0 | <O. (3.27)
* x —p/\gR

Tiép theo, nhan phia truéc va phia sau (3.27) béi ma tran diag{ P~1, P~1, P~1}
> 0, ta di dén

ydP 'RP™' — 26 P"Y(MR)P™ 16V TP YR P pP T (M3R)PT!
* —c1 0N TP (A R) P! 0 <0,

* * —pP '(MsR)P!
(3.28)
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roi dit cac bién méi

Wy = —ydP 'RP™' 4+ cp0 P~ (\\R)P 1,

Wo =P '(M\R)P™', Ws;=P '(A\3R)P!,

(3.28) 86 trd thanh (3.22) nhut mong muén. Dé nhan duge (3.20), ta chi vigc

nhan phia trude va phia sau (3.7) béi ma tran P~!. Cudi ciing, dé ¥ ring
Wy = —vdP 'RP™! + 26 P71 (M R)P™! < —ydURU + 30U,

ta nhan dudgc

W1 — c26U + vdUR[vdR] ™ *vdRU < 0,

ma 16 rang tuong duong véi (3.23) béi B6 dé 1.1. Dinh 1y da duge chitng minh

xong. U

Nhan xét 3.1. Nhu trong cac cong trinh [65, 66], dé chitng minh Dinh 1y 3.1
(va sau d6 1a Dinh 1y 3.2), ching toi da tim cach xay dung mot bo cic phiém
ham kiéu Lyapunov—Krasovskii méi trong d6 c6 su tham gia ciia céc hé s6
§F—17s va 61—t Bing cach d6, chung toi da tranh dude viec phai bién déi
hé goc thanh hai hé con lién két nhu cac tac gid da tién hanh trong [63] ma
cac dieu kien thu duge (3.7)-(3.9) ctia Dinh 1y 3.1 va (3.20)-(3.23) ctia Dinh 1y
3.2 van ¢6 dang bat ding thic ma tran nhu trong [63]. O day, tham s6 § déng
vai trdo nhu mot tham s6 hiéu chinh va (3.8)-(3.9), (3.21)-(3.23) sé tré thanh
cac LMI khi ta c¢6 dinh tham s6 § nay lai, do dé chiing c6 thé dugc lap trinh
va tinh todn mot cach dé dang bang hop cong cu LMI trong MATLAB [16].
Day ciing 14 mot wu diém dang ghi nhan ciia hai dinh 1§ nay ctia ching toi khi
so sanh véi: cac diéu kien (29), (39) trong [50], cic dieu kien (45), (56) trong
[65] va dieu kien (5) trong [66].

Nhan xét 3.2. Trong cac bai bao [22, 33, 50, 58], cac an s6 bo sung va cac

ma tran trong sé tu do dugc dua vio dé tao tinh linh hoat trong viéc giai cac
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LMI thu dugc. Tuy nhién, qué nhiéu an s6 va ma tran trong sé tu do dugc
st dung trong cac phuong phap hién cé khién cho viéc phan tich hé thong trd
nén phiic tap va lam ting dang ké nhu cau tinh toan. So véi phuong phap ma
tran ty do dudgc st dung trong cic cong trinh trén, phuong phap ctia ching
toi sit dung it bién hon, chang han, bat déang thitc ma tran (3.8) khong c6 ma
tran tu do nao, bat didng thic ma tran (3.21) chi ¢6 mot ma tran trong s6 tu
do. Vi thé, cac dieu kién ma ching toi dé xuat it bao thi hon so vdi cac cong
trinh néu trén. Tinh httu hiéu cta cac két qua nay sé dudc minh hoa rdo nét

béi cac vi du duge trinh bay trong muc con lai ctia chuong.
3.4. CAC VI DU MINH HOA

Vi du 3.1. Xét hé rdi rac tuyén tinh c6 tré (3.3) véi u(k) = 0 va cac tham sb

cua n6 dugc cho béi

—-0.25 0.1 -0.12 0.1 0.2 0.1
A= . Ay = . G=
0.2 03 0.15 0.1 0.2 0.25
0.1 —-0.2 —-0.1  0.25
C = . Oy = . R=1,
—0.15 0.15 0.2 -0.15

h(k) =2+ 8sin’ . ke Zy.

Nhan xét rang ham tré h(k) 1a bién thién theo thoi gian va hy = 2, hy = 10.
Véi N =200, d=1, ¢; =1, co =7 va v = 1, bang cich st dung hop cong cu
diéu khién LMI trong MATLAB, cac bat dang thitc ma tran (3.7)-(3.9) 1a gii
duge v6i 0 = 1.0001 va

2.1225 0.0261 0 0.1901  —0.0194
0.0261 2.0246 ’ —0.0194  0.1548

Y

A1 =2.0180, Ao =2.1292, A3 =0.1987.

Bdéi Dinh 1y 3.1, hé dang xét 1a H.,—bi chan trong thoi gian hitu han tng véi
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(1,7,1,200).

Vi du 3.2. Xét he (3.3) véi:

0.4 0.1 0.2 —0.15 0.1 0.25
A - ) Ad - 3 B = 5 G - 3
0.3 05 0.15 0.1 0.2 0.3
- 1.2 0
C =102 0.3] , Cq= [0.2 0.15} , R= ,
. 0 1.3

h(k) = 2 + 10cos? X

5, k€Zy.

V6i hy =2, ho =12, N =140, d =1, ¢; = 2, co = 16 v& v = 1, cac bat
d&ng thitc ma tran (3.20)-(3.23) Ia gidi duge véi § = 1.00027 va

0.2836 0.1250 0.0217 0.0118

U = , V =
0.1250 0.3413 0.0118 0.0274
4.3514 1.9538 0.3417 0.0824
Wl - s W2 -

1.9538 5.2522 0.0824 0.3739

0.0222 0.0114
W3 = , Y = [—0.9638 —1.2080}-
0.0114 0.0276

Bsi Dinh 1y 3.2, bai toan diéu khién H., trong thsi gian hitu han cho hé (3.3)
la giai dude v6i ham diéu khién phan hoi duge cho béi

u(k) = [—2.1922 —2.7365] x(k), ke,
Hinh 3.1 minh hoa nghiém dap ting vé6i diéu kién ban dau

0.5
o(k) = Vk € {—12,—11,...,0}.
1.0
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Iterative steps: k
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Hinh 3.1: Nghiém dap tng ctia hé dong véi n = 2

100

120

140

Vi du 3.3. Xét he roi rac tuyén tinh c¢6 tré (3.3) vdi cac tham sb ctia né duge

cho béi:

-0.4
0.3
0.4
0.1

0.1
0.2
0.2

0.12

0.1
0.5
0.2
0.2

0.15
0.1
0.6
0.3

0.2
0.15
0.2

0.4

0.1
0.15
0.1

0.12

0.2
0.1
—0.12

—0.15
0.1
0.15

0.2
0.15
0.1

—-0.12 -0.15 0.25

, C= [0.1 0.12 0.12 0.15],

Cy= [0,2 0.1 0.15 0,2] , R =diag{1.2,1.3,1.4,1.5},

h(k) = 2 + 10sin?

km

2

ke,

-0.1 ]

—0.12
-0.1
0.1
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V6i hy =2, ho =12, N =120, d=1, ¢; =2, cg = 17 v v = 1, cac bat
dang thitic ma tran (3.20)-(3.23) la gidi dude v6i § = 1.0001 va

_0.0522 0.0641 0.0306 0.0281- -0.0039 0.0057 0.0026 0.0014-
= 0.0641 0.1798 0.1133 0.0194 V= 0.0057 0.0158 0.0096 0.0011
0.0306 0.1133 0.1032 0.0137 0.0026 0.0096 0.0078 0.0004
0.0281 0.0194 0.0137 0.0923 0.0014 0.0011 0.0004 0.0053
-0.8468 1.0553 0.4992 0.4367_ -0.0827 0.0714 0.0357 0.0669-
W, — 1.0553 2.9564 1.8506 0.2996 W, = 0.0714 0.2034 0.1390 0.0394
0.4992 1.8506 1.6661 0.2043 0.0357 0.1390 0.1595 0.0404
0.4367 0.2996 0.2043 1.4603 0.0669 0.0394 0.0404 0.1949
_0.0041 0.0058 0.0027 0.0017_
Wy — 0.0058 0.0161 0.0099 0.0013 7
0.0027 0.0099 0.0082 0.0006
0.0017 0.0013 0.0006 0.0062

YZ[—O.3028 —0.6864 —0.5084 —0.2440].

Bsi Dinh 1y 3.2, bai toan diéu khién H., trong thsi gian hitu han cho hé (3.3)

la giai dude v6i ham diéu khién phan hoi duge cho béi
u(k) = {—1.9578 —1.1305 —2.9206 —1.3762} z(k), ke€Z;.
Hinh 3.2 minh hoa nghiém dap ting vé6i diéu kién ban dau

.
@(k)=[0.2 04 0.6 0.8} Vk e {—12,-11,...,0}.
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Iterative steps: k
Hinh 3.2: Nghiém dap ting ctia hé dong véi n =4

KET LUAN CHUONG 3

Trong chuong nay, bang cach xay dung cac phiém ham kiéu Lyapunov—
Krasovskii méi két hop véi ki thuat bat dang thic ma tran tuyén tinh, ching
toi da thu duge mot tieu chuan giai bai toan diéu khién H.. trong thdi gian
hitu han cho 16p hé roi rac tuyén tinh c6 tré bién thién theo thoi gian dang

khoang. Cu thé, cac két qua da dat dudc gom:

e Dua ra cac dieu kién di ddm bao tinh H.,—bi chin trong thoi gian hitu
han cho 16p hé rdi rac tuyén tinh c6 tré bién thién theo thoi gian dang

khoang.
e Trén co s6 do, thiét ké mot ham dieu khién phan hoi giai bai toan diéu
khién H.o trong thoi gian hitu han ciing cho chinh 16p hé néu treén.

Cac diéu kien da dé xuat déu phu thuoc tré v c6 thé duge kiém tra mot

cach dé dang bang céach st dung hop cong cu diéu khién LMI ctia MATLAB.
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Chuong 4

BAI TOAN DIEU KHIEN 7., TRONG THOI GIAN HU'U
HAN CHO LOP HE NO-RON ROI RAC SUY BIEN CO
TRE BIEN THIEN THEO THOI GIAN DANG KHOANG

Két qua thit ba ctia luan an sé dudc trinh bay trong chuong nay. Cu thé,
chiing toi sé dé cap dén cac dieéu kién du gidi bai toan diéu khién H.o trong
thoi gian hitu han cho 16p hé no-ron rdi rac suy bién c6 tré bién thién theo
thai gian dang khodng. Noi dung chinh ctia chuong duge trich tit bai bao [3]
trong danh muc cac cong trinh khoa hoc da cong b clia tac gid c6 lien quan

dén luan an.
4.1. SO LUGC VE HE ROI RAC SUY BIEN TUYEN TiNH

Xét heé roi rac suy bién tuyén tinh véi tré hang nhu sau

Ex(k+1) = Apx(k) + A1x(k — 7) + Bu(k), k€ Z4,
(4.1)

xz(k)=pk), ke{-7,—-74+1,...,0},
§ day x(k) € R™ 1a véc to trang théi; u(k) € R™ la bién didu khién dau vio;
E, Ay, Ay € R™*" B € R™ ™ [ cac ma tran hang thic cho truée, hon nita gia
st rang ma tran F 1a suy bién v6i rank(E) = r < n; 0 < 7 € N 1a tré hang;
©(k) 1a ham dieéu kién ban dau.

Nhan xét rang néu F 1a ma tran don vi thi heé (4.1) tré thanh he roi rac
tuyén tinh c6 tré thong thuong va do dé nghiém ciia né sé thu dude qua qua
trinh truy hoi lién tiép. Khi ma tran E 1a suy bién thyc sy, van dé ton tai
nghiém sé khong con don gidn nhu trén bdéi sy hién dién cta cac rang budc dai

s6. D6 ciing 1a mdi quan tam chinh ciia ching toi trong muc nay.
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Dinh nghia 4.1 ([9]). Cap ma tran (F, Ag) dugc goi la chinh quy néu toén
tal mot vo huéng A € C sao cho det(AE — Ag) # 0.

Nhan xét rang néu ton tai mot so6 phic A dé det(AE — Ag) # 0 thi ciing
ton tai vo han cac s6 phitc nhu vay, chi trit hitu han cac gia tri 14 nghiém cia
da thic det(sE — Ag) = 0.

Bd dé sau cho ta mot diéu kién can va di cho tinh chinh quy ctia cip ma

tran (E, Ap).

B6 dé 4.1 ([11]). (E, Ag) la cdp ma tran chinh quy khi va chi khi ton tai hai

ma tran khd nghich P,Q sao cho

IT 0 A01 0
PEQ = 5 PA()Q - )
0 N 0 I,

trong dé N € RO=")X("=") 14 ma trgn lay linh, Ag1 € R,

Xét he (4.1) v6i cap ma tran (E, Ag) théa man diéu kién chinh quy. Khi
d6, ton tai hai ma tran khong suy bién P,Q théa méan bd dé trén. Thuyc hién

phép doi bién

—1 331(]{?) T n—r
Q 'x(k) = , x1(k) €R", zo(k) eR"™", keZyg,
| 22(k)
- . .
Q p(k) = ) , kef{-m,—7+1,...,0},
oath),
oo Ay Ar By . N
va dat PA1Q = , PB = , ta dua dugc hé (4.1) ve dang
Az Ay By

tuong duong sau
33'1(]{7 + 1) = Alel(k) + Auazl(l{: — 7') + A12{L’2(/€ — 7') + Blu(k), k€ Z+,
NJZ'Q(]{? + 1) = [)32(]€) + Algl'l(k — 7') + A14.fl?2(]€ — T) + BQU(k), (42)

x1(k) = p1(k), x2(k) =@2(k), ke {—1,—7+1,...,0},
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trong d6 N € R(»=7)x("=7) 13 ma tran liy linh véi chi s6 liy linh h.
Nhan xét rang hé phuong trinh dau trong (4.2) 13 mot he roi rac thong

thuong va do d6 béi phép truy hoi, dé thay rang nghiém ctia né 1

ZEl(I{T) = Algl I (0) + Z_: Agl_l_i [Allxl (’L — 7') —+ A12£L'2(’i — T) + Bl’LL(Z)] . (43)

Tiép theo, nhan bén trai hai vé clia hé phuong trinh thit hai trong (4.2) lan
lugt v6i N° =1, N, N2,..., N1 ta dugc
xo(k) = Nzo(k+ 1) — A1z (k — 7) — Ajgzo(k — 7) — Bou(k),
Nao(k+1) = N2zo(k +2) — NApz (k+1—1)
— NAjyzo(k+1—7) — NBou(k + 1),
N2zoy(k +2) = N32o(k +3) — N*Apzzy(k+2 —7)

— N2Ayxo(k +2 —7) — N?Bou(k + 2),

N lao(k+h—1) = Nlag(k+h) — N 'Apz (k+h—1—7)

— N'"'Apyae(k+h—1—7) = N 1Bou(k +h —1).

Cong cac phuong trinh trén vé theo vé va dé ¥ rdng N" = 0 sé nhan dugc

nghiém ctia hé con thit hai

1'2(]{5) = — iNZ [Algl'l(]{? + 17— 7') —+ A14£U2(]{3 +17— 7’) + BQ’LL(]{Z -+ ’L)} (44)

Két hop (4.3) va (4.4), ta thu duge nghiem ctia hé (4.2) nhu sau

ITXT‘ Orx(n—r)
z(k) =Q z1(k) +Q z2(k)
_O(n—r)xr_ I(n—T)X(n—r)
[ L. S
= Q 0 (AI& $1(0)+ZA§1_1_Z [Alll'l(i—T) +A12$2(i—7‘)
i (n—r)xr_ i=0

OTX n—r = 3
+B1u(i)}) + Q (n=r) <_ZNZ[A13x1(k+i_7_)

I(n—r)x(n—'r) =0
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+ A14$2(l{7 +1— 7') + Bgu(k+2)]),
6 day

210) = Ler Orumry| @ '2(5),
Vi> -7, j€Z.

220) = |Ouoryxr  Lnry(aon)| Q200
Trong (4.3), trang théi con (substate) x1(k) duge xac dinh mot cach hoan
toan bdi cac trang thai con trude dé x1(0), x1(5), z2(j), j = —7,..., k—1—T,
va cac dau vao trude do u(i), ¢ = 0,1,...,k — 1. Moi lien hé nay gitta trang
thai z(k) va dau vao u(k) duge goi 1a tinh nhan qud (causality). Con trong
(4.4), cac dau vao & tuong lai u(i), k <i < k+h — 114 can thiét dé xac dinh
trang théai con z2(k). Tuy nhién, khi cho N = 0 trong (4.4), ta c¢6 z2(k) =
—A13z1(k — 1) — A1aw2(k — 7) — Bou(k) va day 1a mdi lien he nhan qua. Mot

cach tong quat, ngudi ta dinh nghia:

Dinh nghia 4.2. ([9]) He (4.1) dugc goi 1a ¢6 tinh nhan qua néu trang thai
ctia n6 z(k) tai thoi diém k € N bat ky duge xdc dinh mot cach hoan toan
bdi diéu kien ban dau ¢(j), j € {—7,—7 +1,...,0}, cac trang thai trudc do
x(1),...,2(k — 1) vA cAc dau vao cho dén thoi diém k: u(0),u(1),...,u(k).

Tinh nhan qua 1a mot méi lien hé quan trong va 16p cac hé sé hitu moi lien
hé nay 1a mot 16p hé quan trong v6i wu thé ctia kha ning dé nhan thitc (the
advantage of easy realizability). Cac hé rai rac thong thuong luon cé thuode

tinh nay. Tuong ty véi Dinh 1y 8-1.1 trong [9], ta c6
Meénh dé 4.1. Hé (4.1) c6 tinh nhan qua khi va chi khi deg(det(sE — Ag)) =
rank(E) = r.

Bdi ménh dé nay nén trong hau hét cic tai lieu gan day, ngusi ta thuong
dinh nghia tinh nhan qud mot cach ngan gon nhu sau.

Dinh nghia 4.3. ([38, 59]) Cap ma tran (F, Ag) dudc goi la ¢6 tinh nhan qué
néu deg(det(sE — Ag)) = rank(E) = r.
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Tiép theo 1a mot diéu kién can va du cho tinh nhan qua ctia cip ma tran

(E, Ap).

Bé dé 4.2 ([59]). Gid st ring cip ma tran (E, Ag) la chinh quy. Khi dé vdi
hai ma tran P,Q sao cho Bo dé 4.1 dugc théa man thi cdp ma tran (E, Ag) la

nhan qud khi va chi khi N = 0.

St dung B6 dé 4.1 va Bo dé 4.2, ta c6 thé khing dinh dudc su ton tai duy

nhat nghiém ctia hé (4.1). That vay, diéu nay dugc néu ro trong menh dé sau.
Meénh dé 4.2 ([38]). Néu ciap ma tran (E, Ag) la chinh quy va nhan qud, thy
vdi ham gid tri ban dau p(k) tuong thich bat ky, hé (4.1) vdi u(k) = 0 ¢
nghiém duy nhat.

Viéc sit dung tinh chinh quy v nhan qua ctia cap ma tran (E, Ag) dé xay

dung cong thiic nghiém cho he (4.1) dugc tién hanh theo luge d6 néu tren véi

N =0 (trong [3], téc gi&d da xét truong hop u(k) = 0).
4.2. PHAT BIEU BAI TOAN

Xét 16p hé no-ron rdi rac suy bién cé tré bién thién theo thaoi gian dang
khoang;:
Ex(k+1) = Ax(k) + W f(z(k)) + Wig(x(k — h(k))) + Bu(k) + Cw(k),
z2(k) = A1z(k) + Dx(k — h(k)) + Biu(k), k€ Zy, (4.5)
z(k) = p(k), ke{—hy,—ha+1,...,0},
§ day x(k) = [z1(k),22(k),...,2,(k)]T € R" la véc to trang thai ctia hé no-

ron; n 14 s6 no-ron; u(k) € R™ la bién diéu khién dau vao; z(k) € RP 1a ham

quan sat dau ra cta hé no-ron;

fla(k)) = [fi(z1(k)), fa(@2(k)), .., fulza(K))]T,
g(x(k = h(k))) = [g1(z1(k = h(k))), ga(w2(k = h(k))). - -, gn (2 (k — h(K)))]T
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la cac ham kich hoat khac nhau, & day f;, g;, ¢ = 1,n, la cac ham kha vi
lien tuc trong lan can clia goc va thoéa man diéu kién tang trudng: véi mdi

i €{1,...,n}, ton tai cac hing s6 duong a;, b; sao cho:

[fi(©)] < ailg], [9:(E)] < bilg] VE€R. (4.6)

E € R™"™ la ma tran suy bién véi rank(E) = r < n. Ma tran dudong chéo
A = diag{@y,as,...,a,}, |@| < 1 Vi =1,n biéu thi sy tut hoan ngudc no-ron;
cic ma tran W, W, € R™ " tuong ting 14 ma tran lien két trong s6 va ma tran
lien két trong sb véi tré; B € R™*™, By € RPX™ ]a cac ma tran diéu khién dau
vao; C € R™ 9 [a ma tran nhiéu dau vao; A;, D € RP*" 13 cidc ma tran quan

sat dau ra; h(k) 1a ham tré bién thién theo thoi gian théa man diéu kien
0<hy <h(k)<hy VkeZi, (4.7)

& day hi, ho 1a cac s6 nguyen duong cho trudc; ¢(k) 1a ham diéu kién ban dau;

w(k) € R? 13 bién nhiéu théa man diéu kien

> wl(k)w(k) < d, (4.8)

v6i d 1a mot s6 thyc duong cho trude.

Dinh nghia 4.4. Hé (4.5) v6i u(k) = 0 dugc goi 1a chinh quy va nhan qua

néu cip ma tran (F, A) 1a chinh quy va nhan qua.

Nhan xét 4.1. Néu cap (E, A) 1a chinh quy va nhan qué, thi mot hé suy bién
c6 thé dugc phan ra thanh hai phan, cu thé 1a mot hé con dong luc va mot
(phuong trinh) rang buoc dai s6 [3, 9]. Néu mot diéu kién ban dau théa méan
rang buoc dai s6, thi dieu kién ban dau dé dude goi 1a diéu kién ban dau tuong
thich. Trai ngugc véi két qua da phét biéu 6 muc trude cho hé suy bién tuyén
tinh (xem Meénh dé 4.2), Vi du 1 trong [34] cho thay ring ngay cé khi cip ma

tran (E, A) 1a chinh quy va nhan qué, nghiém ctia mot hé suy bién phi tuyén
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c6 thé khong ton tai v6i didu kién ban dau tuong thich z(0) nao dé. Tom lai,
sy ton tai nghiém 13 mot van dé co ban doéi vé6i cac hé suy bién phi tuyén néi
chung va cic hé no-ron suy bién néi riéng, va hoan toan doc 1ap vdéi tinh chinh
quy va tinh nhan qui. Vi ly do d6, bat ci khi ndo ching ta tién hanh nghién
cttu céc 16p hé nay, su ton tai duy nhat nghiém, tinh chinh quy va nhan qua

nén dude xem xét mot cach dong thoi.

Nhan xét 4.2. Cac khai niém b; chan trong thoi gian hdu han va Hoo—bi
chan trong thdoi gian hiu han dng vdi bo (c1,co, R, N) cho trudc cia hé (4.5)
vdi u(k) = 0 dugce dinh nghia hoan toan tuong tit nhu da phat biéu cho he (3.3)
v6i u(k) = 0 (xem Dinh nghia 3.2 v& Dinh nghia 3.3). Bai todn dieu khién Ha
trong thoi gian hdu han cho hé (4.5) cing duge dinh nghia hoan toan tuong
tu nhu da tién hanh cho hé (3.3) (xem Dinh nghia 3.4).

Bo6 dé 4.3 ([42]). Vi N € R™ ™ la ma tran doi xing zdc dinh duong va

A € R™™ g ma tran tuy v, bat diang thic sau ding
~ATNAK A+ AT+ NL

Bé dé 4.4 (Dinh Iy ham an, [54]). Gid sV la tap md trong R"P va F =
(Fi,...,F,) : V. — R" thugc lép C* tréen V. Hon niia gid st rang F(zo,to) =
0 vdi (zo,to) € V nao dé, ¢ day xo € R™ va tg € RP. Néu ma tran Jacobi

O(Fy,...,Fy)
8(33'1,...,{1','n)

(z0,t0)

khong suy bién thi ton tai mot tap mé W C RP chita to va mot ham khd vi
lien tuc duy nhat g : W — R™ sao cho g(to) = xo, va F(g(t),t) = 0 vdi moi
teW.

B6 dé 4.5 ([11]). Cho E € R™ " la ma tran suy bién vdi rank(

E)=r
\ . I, 0

Khi doé ton tai hai ma tran khong suy bién P, () sao cho PEQ) = [
0 O
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4.3. CAC KET QUA CHINH

Xét he no-ron roi rac suy bién (4.5) v6i u(k) = 0, vi rank(E) =7 < n
nén theo B6 dé 4.5 ton tai hai ma tran khong suy bién M, G € R™*" sao cho
I, 0O

MEG = . Ta ky hiéu
0 0
M ~lo o A, A
M=|"", M= M, MAG= | "%,
Mo 0 In—, Aoy Aao
P, P
M TPt =T TP F=diag{ar,...,an), H = diag{bi,..., by},
P21 P22

O = —6E"PE+ (hg —h1 +1)Q+ S, + AJA, + F? — PMA — AM'P,
Doy = 0" (=81 + S2), Pyy=-0"Q+D"D+ H>.

Tt d6, tinh chinh quy, tinh nhan qua va sy ton tai duy nhat nghiém cta he
(4.5) duge ddm bao bdéi dinh ly sau.

Dinh ly 4.1. Cho trudc cic so duong v, N. Gid s rang cic ma tran hé so
ctia hé (4.5) théa man dieu kién sau: ton tai cic ma tran xdc dinh duong doi

zing P, Q, S1, Sa va mot sé thuc § > 1 sao cho bat ding thic ma tran sau

dung:
by O 0 AID —PMW —PMW,; —PMC AP
* Do 0 0 0 0 0 0
* S 0 0 0 0 0
* * * P 0 0 0 0
® = 44 <0.
* * * * -1 0 0 w'tp
* * * * * —1 0 WirP
* * * * * * —6iNI c'p
* * * * * * * —P
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Khi dé hé (4.5) vdi u(k) = 0 la chinh quy, nhan qud va cé nghiém duy nhat

trong maot lan can cua goc.

Chiing minh. Trude hét, ching ta sé ching t6 rang he (4.5) véi u(k) = 0 la
chinh quy va nhan qui. Nhan xét riang (4.9) cho ta ®;; < 0, do d6 —0ET PE —
PMA—-AMTP <0viQ >0,S; >0,F > 0. Tit do, bsi G 1a ma tran khong
suy bién, ta c6 GT(—6ETPE — PMA — AM"P)G < 0 ma c6 thé dugc tiép

tuc bién doi tuong duong nhu sau:

—SGTE"M"M TPMT'MEG — GTPMAG — GTAM"PG < 0
I. 0| |P1 Pwl| |L. 0O (GTP)1; (GTP)yy 0 0
= — ) —
0 O PQ]_ P22 0 O (GTP)21 (GTP)22 A21 A22

. .
|0 AL @R @R

P 0 (GTP)12421 (GTP)13A9
= =9 -
0 O (GTP)y2 Az (GTP)gaAss

N
B (GTP)12421 (GTP)12As “0
(GTP)a2As1  (GTP)aaAs

* *
= < 0,

*  —(GTP)yAzy — AJy(GTP) g,

& day  biéu thi cdc ma tran khong lién quan trong doan lap luan nay. T bat
déng thic cudi ta suy ra (GTP)2g Az + AJy(GTP)J, > 0 va do d6 Ay, 1a ma
tran khong suy bién. That vay, gid st ngugc lai ring Ags 14 ma tran suy bién,

khi d6 ton tai mot véc to 0 # n € R" ™" sao cho Ayon = 0. Tt d6
N [(GT P)azAsy + Agy(GT Pyl = 0" (GTP)aaAgon +n' A3y (GTP)3an =0,

titc 13 ma tran (GTP)gpAgs + Al (GTP)J, khong xac dinh duong. Mau thuin

nay cho phép ching ta khing dinh ring As, 14 ma tran khong suy bién, vi vay
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ta co thé dat

| I, —App ALY N I, 0
M= P20y G=a6 :
0 I, —Ay Ay —AR
va dé dang tinh dugc

~

P o~ IT O — ~ All 0 . ~ 1
MEG = 3 MAG = v6i All = All — A12A22 A21.
0 0 0 -1,
Theo do,
— ~ — ~ — o~ SIT - A\ll 0
M(sE - A)G =sMEG — MAG =
0 Iy

va vi thé
det(sE — A) = det(M ' M(sE — A)GG™Y)
= det(M V)det(sl, — Ay1)det(G).

Dé ¢ ring det(sl, — Ayy) = Y7, ais' véi a, = 1 va det(M) # 0,det(G) # 0
(vi M,G 1a cic ma tran khong suy bién), ta c6 thé két luan ring da thiic
det(sE — A) khong dong nhat khong, nghia la he (4.5) véi u(k) = 0 1a chinh

quy. Hon ntta,
deg(det(sFE — A)) = deg(det(sl, — A\H)) = r = rank(F)

nén hé dang xét 1a nhan qua.
Tiép theo, ta sé ching minh hé (4.5) v6i u(k) = 0 ¢6 nghiem duy nhat
trong mot lan can cia goc. Bang cach dat

o = mmxk»
d
d(z:(k — h(R)))

zi(k)=0"

Ai =

i(2i(k — h(k ;
gtk =R
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khi dé trong mot lan can ctia gbc, f;(x;(k)) va gi(zs(k — h(k))) c6 thé dugc
biéu dién nhu sau
filzi(k)) = vizi(k) + ai(zi(k)),
gi(xi(k — h(k))) = Xixi(k — h(k)) + Bi(zi(k — h(k))),

a;(x;(k)) 23 (R)=0 mi(}f)ﬂo x;(k)

=0,

Bi(zi(k — h(k)))

d(z:(k — h(k))) oo (o0
Bi(zi(k — h(k)))

li = 0.
e k=)

Vi thé,

f(x(k)) = T (k) + a(z(k)),
g(z(k = h(k))) = Ax(k — h(k)) + B(z(k — h(k))),

(4.10)

trong d6 I' = diag{1, ..., Y}, A =diag{),..., An} VA

a(z(k)) = [ar(z1 (), ..., an(za (k)]
Bla(k — h(k))) = [B1(x1(k = h(k))),- .. Bul@nk — h(E)] ",
_ala(k) L Blak—h(k) _
chyso Jzk)| 0 atony—o ok — (R

Theo (4.10), hé (4.5) v6i u(k) = 0 c6 the duge viét lai nhu sau
Ex(k+1) = (A+WD)x(k) + WiAz(k — h(k)) + Wa(z(k))
+ Wi B(z(k — h(k))) + Cw(k)
trong mot 1an can cta goc. T (4.6) va (4.10), ta co

z (k) F?z(k) = [ (x(k))f (2(k))
= 2" (k)T%z(k) + 227 (B)Ta(z(k)) + o' (z(k))a(z(k)).
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Tiép theo, ta sé chiing minh réng
F?>T12 (4.11)
That vay, theo trén, ton tai 6 > 0 di bé sao cho
e %z + 26 Ta(z) + o' (2)a(z) = fT(2)f(z) < 2" F2z Vz € B(0,6),
(6 day B(0,0) 1a hinh cau mé tam O, ban kinh §). T do,
eV (F2 —THz — 22 Ta(z) —a' (2)a(z) >0 Ve B(0,9),

hay ((F? —T?)z,2) — 2(a(z),Tz) — (a(z),a(x)) = 0 Vo € B(0,d). Mot cach

tuong duong, ta co

<(F2 I i>_2 <@,ri>—<w, M> >0 Vae B(0,5).

]| {|]] | " [l [l ]
Cha ¥ rang hm % =0 theo cach dat, nén khi qua gi6i han hai vé ctia bat
x

ding thiic trén bang cach cho z — 0, ta dugc

lim <(F2 —r2) i> > 0. (4.12)

20 ]| [Jc]]
Gia stt o 1a mot diém bat ky thuoc S(0,1) : mat cau tam O, ban kinh 1. Xét
day (xk)ken xac dinh nhu sau: xy = 5””0 Vk € N. Khi d6 1o rang rang

Lk

xr € B(0,0) Vk €N, x5 — 0 khi k - 00 va || || =x9 Vk €N
T
nén theo (4.12) ta co:
lim <(F B W >>o.
ko0 ||93k|| [l ll
hay
((F? —=T?)zg,20) > 0. (4.13)

Vi (4.13) diang v6i xg tuy y thude S(0,1) nén ta ciing c6

((F? —=T?)z,z) >0 Yz eR",
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nghia la F? -T2>0 hay F?>T2
bat

o O O O O O ~ O
S O O O O N O O
o o O O ~N o o o

o O O H o o O 9N
o O O N O O o o
o O N O O o o o
O N O O O o O o
~N O O O o O o O

khi do
P<) «— I:=T"'dY <0

4 day © = [(i)ijh . vGi
X

Oy =—0E"PE+ (hy —h1 +1)Q+ S, + A Ay + F? —T? — PM(A+ WT)
—(A4+WT)TMTP.
Tit (4.11) va @11 < 0, ta ¢
—0E"PE — PM(A+WT) - (A+WT)TM"P < 0.

Tuwong tu viéc ching minh cap ma tran (F, A) 1a chinh quy va nhan qué trong
buéc thit nhit, c6 thé chi ra ring cap ma tran (E, A + WT) la chinh quy v&

nhan qué. Nghia 1a he xap xi cia (4.5) v6i u(k) = 0 trong mot 1an can ciia goc
Ex(k+1)=(A+WD)x(k) + WiAz(k — h(k)) + Cw(k) (4.14)
la chinh quy va nhan qua. Dat

Iy, T L(k
MWTG = All A12 , G_lx(k) _ x ( ) :
Fgl F22 xQ(k)
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6tak—n(i) = | TN g = [0
2 (k — h(k)) | | %(k) |

2w gy — | @O E)] @B
P2t (k) 22(R)). w?(h)|

MWig(az(k — h(k))) = [ )

khi d6 hé (4.5) v6i u(k) = 0 la tuong duong véi hé sau

o' (k+1) = Azt (k) + Apg®(k) + 1 () +¢' () + w' (k),
0= Ana' (k) + Agz®(k) + () + ¢°(-) + W*(k), keZy, (4.15)

ot (k) = ' (k), 2*(k)=¢*(k), k€ {—ha,—hy+1,...,0}.
Vi hé (4.14) 1a chinh quy va nhan qua,

ox2 (k) zt(k)=xz' (k—h(k))=0
z2(k)=z>(k—h(k))=0
w2 (k)=0

= Aoy + I'aa,

G day F(z!, 22, £2, g%, w?) := A2t (k) + Agex?(k) + f2(-) + g2 (-) +w?(k), 1a ma
tran khong suy bién (xem L. Dai [9]). Tit Dinh Iy ham an (B6 dé 4.4), suy ra
rang ton tai mot lan can cta (z!(k), 2?(k), 2t (k—h(k)), 2?(k — h(k)),w?(k)) =
(0,0,0,0,0) vA mot ham kha vi lién tuc duy nhat

F2 (! (k), 2" (k = h(k)), 2°(k — h(k)),w (k)
theo z1(k), 1 (k — h(k)), 22(k — h(k)), w?(k) sao cho
0= Anz' (k) + Ao f2() + 2() + 67 () + W2 (R),

VA fZ(O, 0,0,0) = 0. No6i cach khac, trong mot 1an can cua (0,0, 0,0,0), phuong
trinh thit hai ctia (4.15) ton tai nghiem duy nhat

A

2 (k) = f2(at(k), zt (k — h(k)), 22 (k — h(k)),w?(k)), f%(0,0,0,0) = 0.
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Thé nghiém nay vao phuong trinh dau ctia (4.15), ta thu duge

2 (k+1) = Az (k) + A f (@ (k), 2" (k — h(k)), 22 (k — h(k)),w* (k)
+ 1 k), f2 (2 (k) 2t (k = h(k)), @?(k — h(k)),w*(K)))
+g' (@' (k = h(k)),2*(k — h(k))) + w' (k).

Vi thé he (4.5) v6i u(k) = 0 c6 nghiém duy nhét trong lan can ctia géc. Diéu

nay hoan tat ching minh ctia dinh 1. O

Nhan xét 4.3. Trong [34] (tuong tng, trong [49]), cac tac gid da dé xuat mot
diéu kieén du cho sy ton tai va tinh duy nhat nghiém ctia cac hé rdi rac suy
bién véi nhiéu phi tuyén bing cach sit dung nguyén ly diém bat dong (tuong
ting, dinh 1y ham an). Trong Dinh 1y 4.1, bing cach van dung dinh 1y ham an
nhu trong [49], chung t6i thu dugc mot diéu kién di cho khong chi sy ton tai
va tinh duy nhat nghiém, ma con tinh chinh quy va nhan qué ctia hé (4.5). Do
diéu kién thu dudc c6 dang bat ding thitc ma tran nén cé thé duge giai mot
cach hi¢u qua bang cach stt dung hop cong cu LMI trong MATLAB [16].
Tiép theo ching toi phat biéu cac diéu kien dit ddm bao ring hé (4.5) véi

u(k) = 0 1&4 Hoo—bi chiin trong thsi gian hitu han ing véi (cq, co, R, N).

Dinh 1y 4.2. Cho trudc cic s6 duong v, N, c1, co vdi c1 < ¢ va mot ma tran
zdc dinh duong doi ming R. Gid sit rang cdc ma tran hé s6 ciua hé (4.5) théa
man diéu kién sau: ton tai cdc ma tran xdc dinh duong doi ziing P, Q, S1, Sa,
cdc vo hudng duong \;, i = 1,5 va mot s6 thuc § > 1 sao cho cdc bat ding

thiic ma tran sau ding:

. { } <0, 4.16
iy 11x11 ( )

ETPE < MR, Q< XR, MNR<S;] <MR, 5S;<XR, (417)
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d—cds s pha s TR s R (hy — h)As |
T Y 0 0
* * —pA2 0 0 < 0.
\ ) £ —edNmR 0

| 3 ) ) 16N (hy — )|

(4.18)

Khi dé hé (4.5) vdi u(k) =0 la Hoo—bi chan trong thaoi gian hdu han dng vdi
(Cla C2, R? N) é d@y

Uy =—6E"PE+ (hg —h1 +1)Q+ S, — PMA— AM'P, U5 = —-PMW,
Uig = — PMW,, U7, =—-PMC, U13= AP, Vi9g=A], ¥, ,0=F,

oy = Boy, Wy3 = —"28,y, Vyy=—-6"Q, Vy9=DT, Uy =H,

Wss = Vg6 = Wog = Wy010 = V1111 = —1, Usg = WP, Vg =W/P,

oy = — 51NI, Uos =CTP, Ugg=—P, U;; =0 vdi moi i, j khdc: j > i,
Uy =W5 Vi,j:i>j, p=c

ha(ha+1)—hi(hi—1) 5N—0—h2
1 P} .

Chiing minh. Xét ham toan phuong khong am sau day:
V(k) = Vi(k) + Va(k) + Vs(k),

trong do6

Vi(k) = 2" (k)E" PEx(k),

—h1+1 k—1

Vek)= Y ) oaT()Qz(),

s=—ho+1t=k—1+s

k—1 k—h;—1
Va(k)= > o5 2T (s)Sia(s) + > 82T (s)Sha(s).
s=k—hq s=k—hsy

Lay bién thé sai phan ctia Vi(k),i = 1,2,3, ta c6
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=2 (k+1)E"PExz(k +1) — 62" (k)ET PEx(k)

(k)
[z (k)

- T F

A_

M/T
w

(jT

— 6x" (k)E"PEx(k),

Va(k +1) — Vo (k)
“hatl K

Plaw w c

—h1+1 k—1

= Y Y T - Y Y T ()Qa()

s=—hso+1t=k+s
—h1+1

s:—hg—}—l t:k}—1+8

= Y [T (Qu(k) — 82T (k — 1+ 5)Qu(k — 1+ 5)]

S:—h2+1

k—h1

= (hy — hy + 1)z" (k)Qz(k) — Z F 5T (5)Qu(s)

S:kfhg

< (hy — hy + D" (B)Qx(k) — 6™ " (k — h(k))Qx(k — h(k)),

Va(k+1) — dVa(k)
k

k—1

= > FT(s)Sa(s) - D 62T (s)S1a(s)

S:k+1—h1

S:k’—hl
k—h;—1

(s)Sox(s) — Y 6" %27 (s)Spa(s)

Szk—hg

=z (k)S12(k) + 2" (k — h1) [0" (=S1 + S2)] z(k — h1)

— "2 T (k — hy)Sax(k — hy).

Tu do
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(k) [ 4| (k)
< f(z(k)) w P [A wow C} f(z(k))
g(z(k —h(k) | (W] g(x(k — h(k)))
w(k) _C’T_ w(k)

T(R)w(k) + —cw" (k)w(k) — 2T (k)= (k)

oN oN
x T x
N B P | I
glz(k —h(k))| |W{ 9(z(k — h(k)))
w(k) C’T_ w(k)

+ 2" (k) [-6ETPE + (ha — h1 + 1)Q + S1 + A] A1 ] 2(k)
+ 22" (k)A] Dx(k — h(k)) + 2" (k — hy) [6" (=51 + S2)] z(k — hq)
+ 2" (k — ho) [-6"S5] 2(k — ho)

+ 27 (k — h(k)) [-6" Q + DT D] x(k — h(k)) + w" (k) [—%1} w(k)

+ 6leT(k)w(k) — 2T (R)2(k). (4.19)
Béi gia thiét (4.6) ta c6 cac udc lugng sau
0 < —fT(x(k) f(2(k)) + 2" (k) F2x(k),
(4.20)

0 < —g" (x(k — h(k)))g(z(k — h(k)) + «" (k — h(k))H?z(k — h(k)).
Nhan hai vé cia phuong trinh

Ex(k +1) = Az(k) + W f(x(k)) + Wig(z(k — h(k))) + Cw (k)
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v6i —22 T (k)PM va luu y raing M E = 0, ta duge dang thiic

0=—2z" (k)PMAxz(k) — 2z" (k)PMW f(z(k))

— 227 (k)PMWyg(z(k — h(k))) — 227 (k) PMCw(k). (4.21)

Nhan xét rang bang cach dat

E(k) = [2T (k) T (k —hy) a7 (k — hg) 2T (k — h(k))
.
fT (k) g7 (@(k — h(k)) @ (k)]
khi 4y s6 hang dau tién trong vé phai ctia (4.19) c6 thé dudc viét gon nhu sau

) | [a )

L L P T

g(x(k —h(k))| |W{ g(x(k — h(k)))

w(k) | _CT_ w(k)
e
0
0

=&k [ o [Pla 00 0 W W Clew)
WT
w
_CT_

=T (R)YTPIYe(k), (4.22)

&day T := [PA 00 0 PW PW PC]Két hop (4.19), (4.20), (4.21)
va (4.22) ta thay
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V(k+1)—0dV(k)

<2 (k)[-0E"PE + (hy —h1 + 1)Q + S1 + A] A1 + F? — PM A

— AM T Pa(k) + 227 (k)A{ Dz(k — h(k)) 4+ 227 (k) [-PMW] f(z(k))

+ 227 (k)

Jz(k
-

+ 2" (k— hy) [6" (=St + S2)] 2(k — h1)

PMW1] g(z(k — h(k))) + 22" (k) [-PMC] w(k)

+ fT (k) [=1] f(x(k)) + g7 (x(k — h(k))) [-1] g(a(k — h(K)))
+ T (k) [~ s L] wk) + €T (R TTPITE(R)

b wT (k) w(k) — 2T (k)2(k)

5]\7
—¢T(k) (213 + TTP”T) £(k) + %wT(k)w(k) —2T(k)2(k), (4.23)
_qm 0 0 AID —PMW —PMW,; el

% Doy 0 0 0 0 0
x % —0M8, 0 0 0 0

b= x * * Dyy 0 0 0
* * * * i 0 0
* * * * * —1 0
* * * * * * —élNI

Chu y ring, bsi Bo dé 1.1, néu dat

thi

By1 = —6E"PE+ (hy — hy + 1)Q + Sy + F? — PN[A — AMTP,

d+Y'P T <0

&SP <0
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Doy

*

< U <.

Do d6, tir (4.16), (4.23)
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0 0 —PMW —PM

0 0 0 0
—6"2 8, 0 0 0

x  —MQ+ H? 0 0

* * —I 0

* * * I

* * * *

* * * *

* * * *

0 0 —PMW —PMW,;

0 0 0 0
—6"2 8, 0 0 0

*  —MQ+H? 0 0

* * I 0

* * * —I

* * * *

% * * *

% % * %

% * * *

va (4.24) suy ra
V(k+1) <8V(k)+ 5leT(k:)w(k:)

—PMC AP
0
0
0
w'pP

0
0
0
0
0 Wi P

—PMC AP A}

0 0
0

0

0
0
DT

Vk € Zy.

B&i phép lap va gia thiét (4.8), bat ding thitc (4.25) cho ta

V(k+1) <

<oV TV (0

< FV (0

(SNZ(Sk s T )
5N2w (s)w(s)

<ONTW(0)+vd VE=0,1,...,

N.

AT
0
0
DT
0 <0
0
0
0
_I_
-
0
0
0
L
0
0
0
0
_I_
(4.24)
(4.25)
(4.26)
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St dung gia thiét (4.17) va z(k) = (k) Vk € {—ha, —hy+1,...,0}, hién nhien
rang

—hi1+1 —1

V(0)=2"(0)ETPEz(0)+ > Y T (H)Qu(t)

s=—ho+1t=—1+s

—1 —h1—1
+ Z o~ 1=s T 513} Z 0 1=s T SQQZ‘( )
S——hl 5—_h2
—h1+1 —1

<Az (0)Rz(0) + A0™71 Y~ Y

s=—ho+1t=—1+s

—hi—1
+ Agomr ! Z )+ Asol2 7! Z z " (s)Rx(s)
S——h1 5—_h2
ha(he +1) — hy(hy — 1
<[+ JUERRY 5 e = 1) s
+ )\4h16h1_1 + )\5(h2 — h1)5h2_1]01. (427)
Két hop (4.26) vé6i (4.27), ta dugce

V(k+1) <6 o +vd Vk=0,1,...,N, (4.28)

G day

_ |:/\1 NI h2(h2+1);h1(h1—1)5h2—1 + A4h15h1—1 + )\5(h2 . h1)5h2_1 c1.

Mat khéc, theo (4.17) mot 1an nita, uwéc lugng sau ding

k
Vk+1) 2Va(k+1) = > 52T (s)S1a(s) > 2" (k) Syz(k)

8:]47+1—h1
> \3z' (k)Rx(k) VkeZ,. (4.29)

Nhan xét ring, béi Bo dé 1.1, (4.18) tuong duong véi

’)/d — 02)\3 + 015N+1)\1 + p)\g + 015N+h1h1)\4 + Cl(SN—HI2 (hg - ]’Ll))\5 <0

= qd = e + 16N Ay 4 At ol ghad

 Ah 8 4 As(hy — hl)(shrl} <0
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= yd — ca\3 + VN Tlo < 0. (4.30)
Vi vay, tit (4.28), (4.29) va (4.30) ta nhan dugc:
zT (k)Rx(k) < %3 (6"t lo +d] <co VE=1,2,...,N,
titc he dang xét 1a bi chan trong thdi gian hitu han tng véi (1, co, R, N). Dé

hoan tat chiing minh ctia dinh 1y, ta con phai ching té diéu kién mic v hitu
han (3.6) dang. V6i muc dich do, tur (4.23) suy ra

Vik+1) <OV(k) + LwT(kwk) — 2T (k)2(k) Yk € Zy,
va béi phép lip, ta co
k—1
0 < V(k) <8 V(0)+> a1 [%NWT(S)W(S) - ZT(S)Z(S)] vk € N. (4.31)
s=0

Dudi diéu kien dau bang khong, dé thay V(0) = 0 nén (4.31) cho ta

k-1 k—1
Zék_l_szT(s)z(s) < Zék_l_s%w-r(s)w(s) Vk € N.
s=0 5=0
Tit d6, véi k = N + 1, ta c6
. N—s_T oV T
> V2T (s)2(s) < oy s (s)w(s). (4.32)
s=0 5=0

Vil< V=<6V vse{0,1,...,N} nén (4.32) kéo theo

nghia 1a, diéu kién (3.6) dugc chitng minh. Dinh 1y dugc chiing minh day
du. ]

St dung Dinh 1y 4.2 ching ta c6 thé gidi quyét bai toan dieu khien Hoo
trong thai gian hitu han cho hé (4.5). Y tudng & day 1a thiét ké mot ham diéu
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khién phan hdi u(k) = Kz(k) sao cho hé dong thu duge

Ex(k+1) = (A+ BK)z(k) + W f(z(k)) + Wig(z(k — h(k))) + Cw(k),
2(k) = (A1 + B K)a(k) + Dx(k — h(k)),

III(]{?) = QO(]{?), ke {_h27 _h2 + ]-7 .. '70}7

keZy, (4.33)

la Hoo—bi chan trong thoi gian hitu han.

Dinh 1y 4.3. Cho trudc cdic s6 duong v, N, c1, co vdi c1 < co va mot ma
tran zdc dinh duong doi ming R. Gid st rang cdac ma tran hé s6 ciua hé (4.5)
théa man dieu kién: ton tai cic ma tran zdc dinh duong doi zing U;, V; vdi

i=1,4,j =1,5, mot ma tran Y va mot sé thuc § > 1 sao cho cdc bat dang

thiic ma tran sau ding:

0= [ } 0, 4.34
i 11x11 < ( )
-Vi U ET
< 0, (4.35)
X —U1
U < Vo, Us<Vy Ug<Vs, (4.36)
—Vg Cl(SN_Fl‘/l pV2 615N+h1h1V4 015N+h2 (h2 — hl)V5
«  —cdNHY 0 0 0
* * —pVa 0 0 <0,
* * * —c1 6V thp Yy 0
* * * % —c16Nth2(hy — b))V
(4.37)
Va — Uk dU1R
3 2Us  7yaUip (4.38)
—~vdR

Khi dé, bai todn diéu khién Heo trong thoi gian hitw han cho hé (4.5) la gidi

duoc. Hon nita, ham diéu khién phdn hoi duge xzdc dinh bdi

u(k) =

YU; tx(k),

keZy,
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J day
Q1 = 0Uy + (hy — hy + 1)Uy + Uz + 6(ULET + EUy) — M(AU, + BY)
— (U, A+Y'BYMT,

Qs = —MW, Qig=—-MW,, Q7 =—-MC, Qs=UA+Y BT,
Q19 = WAl +YTB], Q10 =UF, Qg = 06" (~Us+Uy),

Q33 = —6"2Uy, Qg = —0"Us, Quo=UD", Qu11 =UiH,

Qs5 = Qo6 = Qoo = Qo0 = Q11 = —1, Qg=WT, Qg =W/,

Y

Qg = =<5 T, Qg = CT, Qsg = Uy, Q=0 vdi moii, j khdc: j > i,

Qij=Qf; Vi, j:i>j, p=a ha(hatl) bt =1) sN+hs,

2

Chitng minh. Hién nhién ring, theo Dinh 1y 4.2, hé (4.33) 1a Hoo—bi chan
trong thoi gian hitu han néu ton tai cadc ma tran xac dinh duong déi xtng
P,Q, Sy, So, cic vo hudng duong \;, i = 1,5, va mot s6 thite § > 1 sao cho cac
diéu kien (4.16), (4.17) va (4.18) dung, trong d6 cac ma tran A+ BK, A1 +B1 K
sé thé chd clia cac ma tran A, A;, tuong tng. N6i cich khac, tuong tng véi

(4.16), ta co
©= [@ij] T 0 (4.39)

6 day

©11 = —6E"PE + (hy —hy +1)Q +S1 — PM(A+ BK) — (A+BK)'M'P,

O3 = (A+BK)'P, O9= (A +BK)",

©;; = U;; v6imoii,jkhéc: j>i, ©;=0) Vi,j: i>j.

Nhan phia trude va phia sau (4.39) béi ma tran
diag{P~', P~ P Y, P71 [,I,I,P ' I,I,I} >0

roi dinh nghia cac bién ma tran mdéi nhu sau:

U =P, U =pP'QP', U;=pP 15, P!, U, =P 'SP !
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ta sé thu dugc bat ding thiic tuong duong

0 <0, (4.40)

v6i
11x11

011 = —0ULETU;'EUy + (hy — hy + 1)Uy + Uz — M(A + BK)U;
~ U (A+BK)"MT,
618 :Ul(A—l-BK)T, (:)19 :Ul(A1+BlK)T,
O = Qi v6imoid,jkhic: j>i, ©;; =0 Vi,j: i>j.
Bing cach dit YT = U, KT, K = YU; ', (4.40) tr$ thanh

Q <0, (4.41)

v6i
11x11

g day Q= {Q”}
Q11 = —0ULETU'EU; + (hy — hy + 1)Us 4+ Us — M(AU; + BY)
— (U1 A+YTBHMT,
Qg =U1A+YTBT, Quo=UA] +Y'B],
Qi = Qy; v6imoii,jkhéc: j =i, Qi =Q) Vij:i>j.
Nhan xét rang bdi Bo dé 4.3,
—6U,E"U;'EU, < §(ULE" 4+ EU, + Uy),
do d6 (4.41) ding néu (4.34) ding. Dé thu dugc (4.37), ta luu y rang bat dang
thitc (4.18) c¢6 thé dudc coi nhu

[(vd = eada)T 6N FINT ol 6N aT 6N 2 (hy — hi)As |
* —c1 0N NT 0 0 0
* * —pA2l 0 0 <0.
* * x  —c 0NN T 0

I * * * * —cp 6N Tth2 (he — hl))\51_

(4.42)
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Nhén phia sau (4.42) b6i ma tran diag{ R, R, R, R, R} > 0 ta nhan dugc

(VAR — 23R a6 MR praR 16N AR 1082 (hy — h)AsR |
* —c1 VTR0 0 0
* * —pA2R 0 0 < 0.
* * * —c16N TP b MR 0

I * * * * —c16™ "2 (hy — hi)As R

(4.43)

Tiép theo, nhan phia truéc va phia sau (4.43) béi ma tran
diag{P~t, P~ P~ P71, P71} >0
roi diat cac bién méi
Vi=P Y \MR)P Vo=P ' (NR)P,
Vi =—ydP 'RP™! + ;P (A\3R)P 1,
Vi=P ' (\R)PY Vs=P '(AsR)P 1,
ta di dén (4.37) nhu mong muén. Dé nhan duge cic bat dang thic (4.35) va
(4.36), ta chi viéc nhan phia truéc va phia sau (4.17) bdi ma tran P~1. That
vay, dé minh hoa, ta sé chitng minh (4.35). Nhan xét ring
E'"PE<MR <= P 'E"PEP!'<P '(\RP!
— UE'U['EU, <V
— -Vi+U,E'U;'EU, <0,
bat ding thitc cudi tuong duong véi (4.35) bdi Bo dé 1.1. Cudi ciing, dé y riang
Va=—ydP 'RP™' 4 P ' (\sR) P! < —ydP 'RP™! + c,P7 15 P!
= —ydU, RU; + coUs,
ta nhan dugc
Vs — coUs + ydU; R[ydR]'vdRU, < 0,

ma 16 rang tuong duong véi (4.38) béi Bo dé 1.1. Dinh 1y da duge chitng minh

hoan toan. O
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Nhan xét 4.4. Cac két qua ma ching t6i nhan dude trong Dinh 1y 4.2 va
Dinh 1y 4.3 ¢6 thé duge coi 1a syt mé rong ciia cac két qua trong [27, 35, 39)
sang trudng hop diéu khién H., cho hé no-ron rdi rac suy bién (4.5). Theo st
hiéu biét ctia ching t6i, day 1a lan dau tién bai toan diéu khién H . trong thai
gian httu han cho 16p hé no-ron roi rac suy bién véi tré bién thién theo thoi
gian dugc dé cap. Tuy vay, luu ¥ rang khong giéng véi phan 16n cac cong trinh
thuoc dang “lan dau tien” khac & do cac tieu chuan thuong dugce cho dudi dang
doc lap véi do tré (delay-independent criteria), cac tiéu chuan ctia ching toi
déu phuy thuodc vao do tré (delay-dependent), cu thé hon 1a phu thude vao ci

can trén va can dudi ctia do tré.

Nhan xét 4.5. Dua trén kj thuat da dugc sit dung mot cach hieu qua dé
chitng minh tinh H,,—bi chin trong thsi gian hitu han cho 16p hé (3.3), dé
chiing minh Dinh 1y 4.2 (va sau d6 1a Dinh 1y 4.3), ching toi da thiét ké mot
bo cac phiém ham kiéu Lyapunov—Krasovskii méi trong dé c6 su tham gia ctia
céc he s6 8175 va §k—1=t. O day, § vAn git vai tro nhu mot tham sé hieu
chinh va (4.9), (4.16), (4.18), (4.34) & (4.37) sé tr6 thanh cac LMI khi ta cb
dinh tham s6 6 nay lai; vi thé, nhu da binh luan trong Chuong 3, ching c6 thé
duge xtt Iy mot cach dé dang bang hop cong cu LMI trong MATLAB [16]. Day
ciing 1d mot wu diém dang ghi nhan ctia hai dinh 1y nay ctia ching toi khi so
sanh véi: diéu kien (31) trong [36], cac dieu kien (31), (40) & (49) trong [37]
va diéu kien (22b) trong [61].

4.4. CAC VI DU MINH HOA

Trong muc nay, ching t6i cung cap hai vi du s6 dé minh hoa tinh hiéu
qué clia cic dieéu kién da thu duge trong Dinh 1y 4.2 va Dinh 1y 4.3, tuong tng.
Trong trudng hop hé no-ron roi rac (4.5) duge ddc biét hoa thanh hé khong
suy bién (titc E = I), cac két qua nay clia chiing t6i ¢6 thé dudc xem nhu st

md rong ciia cac két qua da neu trong Chuong 3 va trong [35, 48].
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Vi du 4.1. Xét hé (4.5) v6i u(k) = 0 trong do:

1 —-1.1 095 O —0.025 0.02
E= . A= . W=
1 —-1.1 0 0.2 0.015 0.025
0.02 0.01 0.35 0.25 0
Wy = , C= , =
—0.025 0.02 0.25 0 0.35
02 0 1.7 0
H= VA = [0.7 —0.3} , D= [0.2 _0.1}  R= ,
0 0.2 0 1.3

k
h(k) = 2 + 13 cos? ;, kelZs.
Sau mot vai thao tac tinh todn don gidn vé mit dai s6, ta thay

1 0 1 1.1 10 _ o0
M = G= , MEG= , M=

Y

1 -1 0 1 0 0 1 -1

V6i hy =2, ho =15, N =60, d =1, ¢; = 1, ¢y = 8 v v = 1, cac bat
dang thitc ma tran (4.16)-(4.18) 1a gidi dugc véi 6 = 1.0001 va

P 0.0078 —0.1673 0 0.0899 —0.0249
—0.1673 12.0088 ’ —0.0249  0.0525
7.5618  —0.0008 0.0017 0

Sl - ) SQ -
—0.0008  5.7823 0 0.0013

A = 17.7476, Xy = 0.0646, M3 = 4.4471, Mg = 4.4506, X5 = 0.0015.

Vi cac bat dang thiic (4.9) va (4.16) 1a tuong duong, tit Dinh 1y 4.1 va Dinh
Iy 4.2, ta khang dinh dugc ring hé dang xét 1a chinh quy, nhan qua, c6 nghiém
duy nhat trong mot 1an can ciia gboc va Hoo—bi chan trong thoi gian hitu han

ing véi (1,8, R, 60).

Vi du 4.2. Xét he no-ron roi rac suy bién c6 tré (4.5) trong doé

1 -1.1 0.35 0 —0.02 0.015
_ A= . W ,

1 —-1.1 0 0.15 0.01  0.02
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0.01 0.015 0.25 0.15 025 0
W1 - ) B - ) C = I F = I
—0.02 0.025 0.45 0.3 0 0.15
015 0
H = , A= [0.75 —0.15] , D= [—0.15 0.1] ,
0 0.2
1.2 1 k
Bi=o2], R- C bk =2+12sin2 T ez,
1 14 2

Tuong ty nhu trong Vi du 4.1, ta thay

2 0 0.5 0.55 1ol _ o o0
M = , G = , MEG = , M =

2 -2 0 05 0 0 2 -2
V6i hy =2, hg = 14, N =40, d =1, ¢; = 2, ¢a = 25 va v = 1, cac bat

dang thitc ma tran (4.34)-(4.38) dugc nghiem ding vé6i 6 = 1.0001 v

0.1054 0.2102 0.0022 0.0048 0.0844 0.1942
U, = , U; = ) U3 =

0.2102 0.4589 0.0048 0.0107 0.1942 0.4585

0.0012 0.0032 0.5522 1.2965 0.0023 0.0049
U4 - ) Vl - ) ‘/2 -

0.0032 0.0102 1.2965 3.0661 0.0049 0.0110

1.9826 4.5768 0.0869 0.2012 0.0018 0.0048
‘/3 = , V4 = , ‘/5 =

4.5768 10.8473 0.2012 0.4841 0.0048 0.0156

Y = [—0.2115 —1.0007} .

B&i Dinh 1y 4.3, bai toan diéu khién H., trong thdi gian hitu han cho hé (4.5)

c6 nghiém va ham diéu khién phan hoi dude xéc dinh boi
u(k) = [27.1655 —14.6259] o(k), k€ Zy.
Hinh 4.1 minh hoa nghiém dap tng véi diéu kién ban dau

.
cp(k:):[o,zl 0,8] Vk e {14, -13,...,0}.
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X, (K), %,(K), XT(K)RxX(K)

-05 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
-14 -10 -5 0 5 10 15 20 25 30 35 40
Iterative steps: k

Hinh 4.1: Nghiém dap tng ctia hé dong

KET LUAN CHUONG 4

Trong chuong nay, ching t6i quan tam dén bai toan én dinh va diéu khién
Hoo trong thoi gian hitu han ctia 16p hé no-ron rdi rac suy bién cé tré bién

thien theo thoi gian dang khoang. Céc két qua dat dugce la:

e Dua ra mot dicu kién di ddm bao cho sy ton tai va tinh duy nhét nghiem

clia hé trong lan can ctia goc.

e Dua ra cac dieu kien di ddm bao tinh H.,—bi chan trong thoi gian hitu

han cta heé.

e Dua ra cac diéu kién da cho sy ton tai mot ham diéu khién phan hoi
dam bao tinh diéu khién H., trong thdi gian hitu han ctia 16p hé dang

xét.

Cac dieu kién ma ching toi dé xuat déu la phu thudc tré va c6 thé duge
kiém tra mot cidch dé dang bing cach st dung hop cong cu diéu khién LMI

cia MATLAB.
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KET LUAN VA KIEN NGHI

1. KET QUA DAT DUGC

Trong luan an nay, ching toéi nghién ctu bai toan diéu khién H., cho mot
s6 16p hé phuong trinh vi/sai phan c6 tré bién thién theo thoi gian va nhan
gia tri trong mot khoang. Cac két qua chinh dat dudc la:

e Thiét ké dugec mot ham diéu khién phan hoi giai bai toan diéu khién H

cho 16p hé no-ron c6 tré bién thién hén hop.

e D¢ xuat dudc cac dieu kien dit ddm bado tinh H.o—bi chin trong thoi
gian httu han cho 16p hé roi rac tuyén tinh c6 tré bién thién theo thoi
gian dang khodng. T do6 thiét ké mot ham diéu khién phan hoi giai bai

toan diéu khién H, trong thoi gian hitu han cho 16p hé nay.

e Thiét lap dugc cac két qui tuong ttng cho 16p hé no-ron rdi rac suy bién
c6 tré bién thién theo thoi gian dang khodng. Hon nita, véi 16p hé nay,
ching to6i con dong thoi chitng minh dugde tinh chinh quy, tinh nhan qua

va st ton tai duy nhat nghiém ctia hé trong lan can cia goc.

2. KIEN NGHI MOT SO VAN DE NGHIEN CUU TIEP THEO
Bén canh cac két qua da dat duge trong luan an, mot sé6 van dé mé cé thé

duge tiép tuc nghién ctu nhu:

e Nghién cttu tinh 6n dinh v& bai toan diéu khién H ., (trong thoi gian hitu
han) cho céc 16p hé phuong trinh vi/sai phan va diéu khién khac nhu:
hé phi tuyén, hé chuyén mach, hé v6i buéc nhay Markov, ... c6 tré bién

thién theo thaoi gian va nhan gia tri trong mot khoang.
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e Nghién citu tinh 6n dinh (trong thdi gian hitu han) va thiét ké cac diéu
khién c6 dang khéac, chang han nhu diéu khién phu thuéc ham quan sat,
cho céc 16p hé phuong trinh vi/sai phan va diéu khién c6 tré bién thien

theo thaoi gian va nhan gia tri trong mot khoang.
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