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TOM TAT

Bai bdo nay nghién ciru van dé on dinh va dé xudt phirong
phap xdy dung bo diéu khién kich hoat theo su kién cho
mét 16p hé phwong trinh vi phdn phi tuyén. Pau tién, mot
co ché kich hoat su kién thich hop duwoc xay dung cho l6p
vi phén phi tuyén. Tiép theo do, théng qua viéc lra chon
ham Lyapunov phit hop két hop véi cdc kj thudt wée
luong can thiét, céc diéu kién di dwoc thiét ldp duoi dang
bdt dang thirc ma tran tuyén tinh (LMI) nham bdo dim
tinh én dinh cia hé dong. Trén co so do, ludt diéu khién
phan hoi trang thai dwa trén kich hoat sw kién cho hé
théng dwoc dua ra. Cudi cung, mot $6 vi du minh hoa
bang so liéu duge trinh bay chi tiét nham lam ré cdach thire
dp dung ciia phwong phdp dé xudt, dong thoi qua dé danh
gid va khang dinh tinh kha thi ciing nhw hiéu qud cia
phirong phép trong thue tién.

ABSTRACT

This paper investigates the stability problem and proposes
an event-triggered control design method for a class of
nonlinear differential systems. First, an appropriate event-
triggering mechanism is constructed for the considered
nonlinear differential systems. Subsequently, by selecting
a suitable Lyapunov function and employing necessary
estimation  techniques, sufficient conditions are
established in the form of linear matrix inequalities
(LMIs) to guarantee the stability of the closed-loop
system. Based on these conditions, a state-feedback event-
triggered control law is developed for the system. Finally,
several numerical examples are presented in detail to
illustrate the application of the proposed method and to
demonstrate its feasibility and effectiveness.
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1. MO bAU

Hé phuong trinh vi phan dong vai trd 1a mot khudn khd toan hoc quan trong
trong viéc md ta su bién thién theo thoi gian cua céc hién twong va qua trinh trong thé
gidi thyc. Chung duoc tng dung rong réi trong nhiéu linh vuc khac nhau nhu vt 1y,
héa hoc, sinh hoc, kinh té, ky thuat hang khong vii tru va diéu khién hoc. Do vai trd
trung tdm do, viéc phan tich tinh on dinh cua céc 16p hé vi phan ludn dugc xem Ia mot
bai toan cdt 15i, c6 ¥ nghia ca vé mit Iy thuyét l1an ¢ng dung Trong nhirng nam gan
day, cha dé nay da thu hat su quan tdm manh meé caa cong dong nghién cuu, voi nhleu
két qua quan trong duoc cong b trong cac cdng trinh tiéu biéu [1][2][3][4]. Trong s6
cac phuong phap dugc sir dung dé nghién ctu tinh 6n dinh, phuong phap ham
Lyapunov ndi bat nho tinh don gian, tryc quan va hiéu qua. Phuong phap nay dugc
gidi thiéu lan dau tién boi nha toan hoc ngudi Nga Aleksandr Lyapunov vao nam 1892,
trong khudn kho luan an tién si cua 6ng. Cho dén nay, phuong phéap ham Lyapunov
khong nhitng van gitt nguyén gia tri ma con tiép tuc duoc mé rong va phat trién manh
mé trong nghién ciu ly thuyét 6n dinh hién dai [4][5][6].

Bén canh bai toan 6n dinh, van dé diéu khién hé thong ciing giit vai tro dic biét
quan trong trong ca ly thuyét 1an ang dung. Khong chi ding lai ¢ viéc dam bao hé hoat
dong theo mong muén, thiét ké bo diéu khién con gép phan nang cao hiéu sut, do tin
cay va kha ning thich nghi cua hé thong trude cac tac dong tir moéi truong. Muc tiéu
chinh ciia diéu khién Ia thiét ké tin hiéu diéu khién pht hop nham dan dat hé thong van
hanh theo quy dao hodc hanh vi mong muén. Clng véi sy phét trién nhanh chéng cua
khoa hoc va cong ngh¢, cac ki thuat diéu khién ngay cang dwoc (ng dung rong réi
trong nhiéu linh vyc nhu robot, phuong tién bay khong nguoi 14i, 6 t6 ty hanh va cac
hé thong tu dong hoa thong minh. Do d6, nghién ciru diéu khién cac hé théng dong luc
da va dang tré thanh mét hudng nghién ciru s6i dong, thu hat sy quan tdm cua dong
dao cac nha todn hoc va ky su trén toan thé gisi. Trong thoi gian gan day, nhidu két
qua nghién ctiu c6 gié tri trong linh vuc nay da dugc cong bd, gop phan thuc day su
phét trién cua ly thuyét va ang dung diéu khién hién dai [7][8][9][10][11].

Trong diéu khién hién dai, diéu khién kich hoat su kién (event-triggered control
- ETC) da ndi 1én nhu mot hudng nghién ciiu quan trong nham giam tai truyén théng,
tiét kiém tai nguyén tinh toan va nang lugng trong cac hé thong diéu khién mang ma
van dam bao céc chi tiéu on dinh va hiéu ning. Khac véi co ché diéu khién theo chu ky
thoi gian, ETC chi cap nhat tin hiéu diéu khién khi mot diéu kién kich hoat nhét dinh
dugc thoa man. Nhitng nghién ctiu nén tang vé diéu khién dua trén sy kién co thé ké
dén cong trinh cua Lunze va cong sy vai tiép can phan hoi trang thai [12]. Trén co so
d6, nhiéu két qua da duogc phat trién cho cac 16p hé phtc tap nhu hé suy bién, hé mo T-
S, hé c6 tré va hé nhay Markov. Chang han, Li va cong su nghién ctru diéu khién tiéu
tan kich hoat sy kién cho hé suy bién mo T-S [13], Xing va cong su xem xét bai toan
didu khién kich hoat su kién cho hé suy bién ngau nhién c6 tré trang thai [16], trong
khi cac muc tiéu H., thu dong va diéu khién truot ciing duoc tich hop voi co ché kich
hoat su kién trong [14][15][16][17]. Tuy nhién, cac két qua hién c6 chu yéu tap trung
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vao céac hé tuyén tinh hodc béan tuyén tinh, va nghién ciu cho 16p hé phi tuyén con
tuong d6i han ché. Dic biét, ddi véi cac hé phi tuyén ma ham phi tuyén phy thudc truc
tiép vao tin hiéu diéu khién, theo hiéu biét tét nhat cua cac tac gia, chua c6 cong trinh
nao nghién ciru didu khién kich hoat su kién mot cach hé théng cho 16p hé nay. Vi vay,
bai b4o nay tap trung vao viéc phat trién mot luoc do diéu khién kich hoat su kién cho
I6p hé phi tuyén c6 chira didu khién trong ham phi tuyén, dong thoi dua ra cac diéu
kién 6n dinh va/hoic hiéu ning du duéi dang bat ding thac ma tran tuyén tinh, qua do
ma rong va bo sung céac két qua hién co trong linh vuc diéu khién kich hoat su kién.

2. CAC KET QUA CHINH

Trong phan nay, ching ta nghién cau I6p hé phi tuyén c6 chira diéu khién duoc
mo ta boi phuong trinh vi phan sau day:
{a'c(t) = Ax(t) + Bu(t) + f(t, x(t), u(t)), t = 0, )
x(0) = xo,
trong d6 x(t) € R" 14 cac véc to trang théi, u(t) € R™ véc to diéu khién dau
Vvao va y(t) € R™véc to do do dau ra cua hé thong. Cac ma tran hang A, B duoc biét
trugc va co sé chiéu phi hop. Ngoai ra, ham f (t, x(t),u(t)) 1a phi tuyén va thoa man
cac diéu kién ting truong sau:
I £t x(®), u(@®) 1< a | x(®) 17+ B I u(t) I%, (2)
trong d6  va [ lacac so duong.
Tiép theo, ching ta s& thiét ké mot diéu khién kich hoat su kién cho hé (1) s& c6
dang sau:
u(t) = Kx(tp), 3
trong d6, X(t,) la trang thai mai nhat dwoc cap nhat tai cac thoi diém t. Khi do,
véc to trang théi 16i I(t) gitra trang thai hé thong X(t) va trang thai truyén méi nhat
X(t,) dugc xéac dinh nhu sau:
1(t) = x(tp) — x(0). 4)
Llc nay, tir trang thai duoc truyén méi nhat t, dén trang théi tiép theo t_,, dwoc
xac dinh theo cbng thirc sau:
tpar = b + min{s = t —6,[IT(OMrI() > T ()M (t)} (5)
¢ day, M; la ma tran dbi xtmg xac dinh duwong duoc goi 1a ma tran kich hoat, 7 la
hang s duong cho trude duoc goi 1a hé kich hoat.
Cha y rang, trén toan bo nta khoang [tp,tp+1) tin hiéu khong duogc truyén di.

Trén ving nay, diéu kién sau 1a thoa man:

IT@OM7I(t) < Tpx T (E)Mrx(t). (6)
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Két hop cac phuong trinh (1), (3) va (4), ta c6 hé dong sau day
() = (A + BK)x(t) + BKI(t) + f(t, x(t), KU(t) + x(£))),t = 0 @)
{x(O) = Xq.
Trudc khi trinh bay két qua trong tdm, ching toi nhic lai mot sé khai niém co
ban cung véi cac b dé can thiét dudi day.
Pinh nghia 2.1. Hé dong (7) dwoc goi 1a 6n dinh néu véi mdi ¢ >0 ton tai
5(¢) >0 sao cho véi moi diéu kién ban dau x, thoa man Hx0|| < 8 thitaludn co

[x(t,%)] < &, vt 2 0.

B6 dé 2.2 ([18]). Gid sir X, Y 1a c&c ma trdn ¢ sé chiéu phi hop va ma tran Y 1a

doi xung xac dinh dwong. Khi do,
2x" Xy <y'Yy+x"XTY 1Xx

V&l moi vécto(x,y). ’ )

Bo de 2.3 (Bo dé phan bu Schur [18]). Cho cac ma trdn bat ki M, N, P cé so
chiéu thichhop, M = MT,N = N7 > 0. Khi do,

T . .
[g PN] < 0 néuvachinéu M +PTN1P < 0.

B6 dé 2.4 ([18]). Gia si Ly, L, la cac ma trgn bat ky c6 sé chiéu phiihop va S 1a

ma trdn xdc dinh dwrong. Khi dé ta c6 bat dang thirc sau:
Ly"Ly+L, Ly <L,'SL; +L,"S7'L,.

Keét qua chinh cta nghién ctru dugc trinh bay trong dinh ly sau.

Pinh ly 2.5. Hé dong (7) la on dinh néu ton tai cac ma trdan doi xirng xdac dinh
dwong S, N; vamatrgn W bt ky c6 sé chiéu thich hop sao cho bdt dang thizc ma trdn
tuyén tinh sau dwroc thoa man:

[AS + SAT +BW+WTBT+I+‘L'TNT BW 0 S wT

x N, WT 0 0

1
—=]
i * 2B 0 0 <0. (8)
* * * —l[ 0
a
* * * * —%I_

Khi d6, ma trdn diéu Kién nguoc Kich hoat sir kién duroc xac minh 1a K =WS™,
Chizng minh. Xét ham Lyapunov c0 dang sau day
V(t,x(t)) =xT(t)S™1x(t), t=0. 9)
Véi V(L x(t)) = x (t)P'x(t) . Khi d6, doc theo quy dao ciia hé dong (7), ta co
V(t,x(t)) = 2xT(£)S~x(t)

=2xT(t)s ! [(A + BK)x(t) + BKL + f (t,x(t),K(l(t) + x(t)))]

= 2xT(6)S™Y(A4 + BK)x(t)

+2xT(£)STIBKI(t) + 2xT(£)ST1f (t, x(t), K(I(t) + x(t))), t = 0. (10)
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Str dung B6 dé 2.2, ta c6
2xT(£)S~Lf (t, x(£), K (1(t) + x(t))) (11)
< xT(O)S™ISTx(t) + |If (& x (), KA®) + x>
Ngoai ra, tir diéu kién caa ham phi tuyén trong (2), ta c6 danh gia sau
If (&2, K(1(8) + x(©))) |1 (12)
< allx(®)I* + BIKAE) + x(O)II?
< allx(@®)1* + BIKIILOI + [lx@©)1)?
o <allx@NI* + 281K AN + lx @O
Két hop cac phuong trinh (6) va (10)-(12), ta thu dugc
V(t,x(®) < 2xT(£)S™(A + BK)x(¢) (13)
+ 2x T (t)STIBKI(t)
+xT(t)S71S1x(t)
+(al + 2B KD [lx (I
+2B|IKI1Z L7
+rrx T ()Mrx(t) — T ()M7I(t), t=0.
Pat y(t) =S™x(t) va e(t) =SI(t). Tir (13), suy ra
V(t,x(©)) < 2yT(t)(4 + BK)Sy(t) (14)
+ 2y T(t)BKSe(t) + y T (t)y(t)
+yT(t)S(al + 2BKTK)Sy(t)
+2BeT(t)SKTKSe(t) + 17y (£)SMSy(t) —

- eT(t)SMTSe(t)
[y(t)] [JM BKS y(t)
e(t) —SM;S + 2BSKTKS]| le(t)[’ =0,

o day
M =AS +SAT + BKS+SK'BT + 1 + S(al + 2BK"K)S + 17SM7S.
bat W=KSva N; =SM, S, thay vao (14) ta c6
- y(®) y(®) (15)
Vit x(0) < [e(t)] [ N+ Z,BWTW] [e(t) , 20
o day
N =AS +SAT + BW + WT'BT + I + aSIS + 2BW W + t;Ny.
Theo b dé 2.3 (Bb dé phan bu Schur), diéu kién (8) thoa man khi va chi khi

N BW
[ Ny +28wTw| <O
Do do, tir phuong trinh (15) suy ra
V(t,x() <0, t=0. (16)
Tu (16), suy ra
V (£, X(1)) <V (0, %) < A (S |¥| £20. (17)
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Mat khac, ta co:

V(X)) = 4, (SH[x®), t=0 (18)
Két hop (17) va (18) ta duoc
ﬂmax (S—l) (19)
[x®] = m”xo”’tzo-
) o . A.(S™ s
Vay, véi moi & > 0 cho trudc, ta chon S =¢ % khi @6 [|x,[|<Sta

lubn co ||x(t)|| < &. Diéu nay ching minh hé (7) 1a én dinh. Dinh 1i duoc ching minh.

Nhan xét 2.6. Xér treong hop hé (1) 1a tuyén tinh, tizc 1a ham f(-) = 0. Khi do,

hé dong (7) tré thanh hé vi phan tuyén tinh sau
X(t) =(A +B,K)x(), t>0 (20)
X(0) =X,

Trén co so cua dinh 11 2.5, ching ta c6 hé qua sau. ,

Hé qua 2.7. Hé dong (20) la on dinh neu ton tai c&c ma trdn doi Ximg xdc dinh
dwong S,N; vamatran W bdt ky c6 sé chiéu thich hop sao cho bdt ddang thitc ma trdn
tuyén tinh sau diroc théa man

AS +SAT + BW + WTBT + 1Ny BW] _ (21)
\ 2 * _NT .
Khi d6, ma trgn dieu khién nguoc kich hoat sy kién duoc xdc dinh 1a
K=WS™,

3. Vi DU MINH HOA

Trong phan nay ching tdi s& dua ra mot vi du cy thé nham minh hoa rd rang hon
cac két qua nghién ciru da duoc thiét 1ap ¢ trén. Thong qua vi du nay, tinh hiéu qua va
kha nang ap dung cta phuong phap dé xuat s& dugc kiém ching, dong thoi gidp lam
séng to cac phan tich i thyét da trinh bay trudc do.

Xét hé phuong trinh vi phan phi tuyén (1) c6 cac ma tran hé s6 nhu sau

-0,8 0,4 -01 0,3
A=/ 03 09 0 |, B=|0,5].
Oa3 0!3 _015 0,8

Ta chon hé s6 kich hoat 7, =3 va a = 8=0,05. Khi d6 giai bat dang thirc ma
tran tuyén tinh (8) ta tim dwoc cac ma tran sau

17,1420 -8,1349 -1.6207 3,2800 -2,6860 -0,1754
S=|-81349 17,1420 -2,780 |, N,=|-2,6860 3,796 —-0,4981/|,
-1.6207 -2,780 13,0268 —0,1754 -0,4981 1,3704
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W= [—0,2136 -0,3288 —0.5172].
Khi d6, diéu khién nguoc va ma tran kich hoat su kién 1a
0,0087 -0,0001 0,0003
K= [—0,0380 —0,0435 —0.0520] , M;=|-0,0001 0,0103 0,0002 |.
0,0003 0,0002 0,0078
Dé mo phong céc quy dao cua dé dong dudi diéu khién kich hoat va ma tran kich
hoat sy kién giai ra o trén ching ta chon diéu kién ban dau
X,(0) =0.5,x,(0) =-0.5,%,(0) = 0.5 va ham phi tuyén tinh x4c dinh boi

\/0,05x32 (t) +O’—:5(o,0380x1(t) +0.0435X, (t) +0,0520x,(t))?

0,05

f(t,x(t),u(t)) = \/O, 057 (t) + 3 (0,0380x,(t) +0.0435x, (t) +0,0520x,(t))*

\/o,osxg (t) +O’—§5(0,0380x1(t) +0.0435X, (t) +0,0520X,(t))?

Hinh 1 Ia cac quy dao trang thai x, (t), X, (t) va x,(t) ctia hé dong (7) dudi diéu
khién kich hoat va ma tran kich hoat su kién. Hinh 1 ta thay rang cac quy dao caa hé la
6n dinh. Hinh 2 1a md ta khoang thoi gian kich hoat. Qua d6 khang dinh dugc tinh hiéu
qua ctia phuong phap duoc dé xuat trong nghién ctu nay.

05

—x ) L
04 1 2.5

—xfl

03 %)

)
9l 0"0000000000000001
0.2

0.1 = 15+

x(t)

0
01 1 17
02

03 0

04

05 : ‘ ‘ 0 10 2 30 40 50
0 10 2 % 40 50 {s)

t(s)
Hinh 1. Cac quy dao trang thai cia hé
déng diéu khién kich hoat sw kién (7)

Hinh 2. Khoing thoi diém kich hoat s kién
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4. KET LUAN

Trong bai bdo nay, chlng tdi tap trung nghién ctu bai toan 6n dinh, dong thoi
phét trién phuong phap thiét ké bo diéu khién kich hoat theo su kién cho mét 1op hé
phuong trinh vi phan phi tuyén. Mot lugce d6 kich hoat su kién pht hop duoc dé xuét
nham giam tan suat cap nhat tin hiéu diéu khién ma van bao dam tinh 6n dinh cua hé
dong. Dua trén viéc xay dung ham Lyapunov thich hop va ap dung cac ky thuat danh
gia hiéu qua, cac diéu kién du dé hé déng 1a 6n dinh di duoc thiét 1ap dudi dang bat
dang thac ma tran tuyén tinh, tir d6 cho phép tdng hop luat diéu khién phan héi trang
thai kich hoat sy kién. Trong cac nghién cuau tiép theo, huéng phat trién c6 thé tap
trung vao viéc mé rong két qua cho céc 1op hé co tré, nhidu khong chic chin hoic rang
budc truyén théng phuc tap hon.
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