TAP CHi KHOA HQC TRUONG PAI HOC HONG BUC
Hong Duc University Journal of Science

P-ISSN 3030-4628
E-ISSN 3030-4636

THIET KE PIEU KHIEN KiCH HOAT SU KIEN CHO

LOP HE VI PHAN PHI TUYEN

EVENT-TRIGGERED CONTROL DESIGN FOR A CLASS OF NONLINEAR

Lé Huy Vii'"

Tran Thi Hong'

Nguyén Thi Tho'

Nguyén Thi Thanh Thuy!
Hoang Thi Thwong Yén!
Hoang Thi Viét Phuwong!

DIFFERENTIAL SYSTEMS

' Khoa K¥ thuat Céng nghé, Trudng Pai hoc Hong Dric;
"Téc gia lién hé; Email: lehuyvu@hdu.edu.vn

DOI: https://doi.org/10.70117/hdujs.3030-4628.90.09.2026.1196
Ngay ndp bai: 01/05/2026; Ngay giri phan bién: 06/05/2026; Ngay duyét dang: 25/09/2026

T khéa:

Sw on dinh, BDiéu
khién kich hoat sw
kién, Hé phi tuyén,

Ham Lyapunov.
Keywords:

Stability, Event-
triggered control,
Nonlinear systems,
Lyapunov function.

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 dwge 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 déng vai trd 13 mot khudn kho toan hoc quan trong
trong viéc mo ta su bién thién theo thoi gian cta cac hién twong va qua trinh trong thé
gidi thyc. Chung dugc Gng dung rong rii trong nhiéu linh vuc khac nhau nhu vat 1y,
héa hoc, sinh hoc, kinh té, ky thuat hang khong vii tru va diéu khién hoc. Do vai tro
trung tdm do, viéc phan tich tinh 6n dinh cua céac 16p hé vi phan luon dugc xem la m6t
bai toan cbt 161, co ¥ nghia ca vé mat 1y thuyét 1an tng dung Trong nhitng nam gan
day, chu d& nay d thu hut sy quan tdm manh mé& cua cong dong nghién ctu, voi nhleu
két qua quan trong dugc cong bd trong cac cong trinh tiéu biéu [1][2][3][4]. Trong sd
cac phuong phap dugc sit dung dé nghién ctu tinh 6n dinh, phuong phap ham
Lyapunov ndi bat nho tinh don gian, truc quan va hiéu qua. Phuong phap nay duoc
gidi thiéu lan dau tién boi nha toan hoc ngudi Nga Aleksandr Lyapunov vao nam 1892,
trong khudn kho luan an tién si ctia 6ng. Cho dén nay, phuong phap ham Lyapunov
khong nhimng van giit nguyén gia tri ma con tiép tuc dugc md rong va phat trién manh
mé trong nghién ctru 1y thuyét 6n dinh hién dai [4][5][6].

Bén canh bai toan on dinh, van dé diéu khién hé théng cling gitr vai tro déc biét
quan trong trong ca 1y thuyét 1an tmg dung. Khong chi ding lai ¢ viéc dam bao hé hoat
dong theo mong mubn, thiét ké bo diéu khién con gop phﬁn nang cao hi¢u suét, do tin
cdy va kha ning thich nghi cta hé thdng trudc cac tac dong tir moi trudong. Muc tiéu
chinh ciia diéu khién 14 thiét ké tin hiéu diéu khién phu 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 nghé, cac ky thuat diéu khién ngdy cang duoc Gng dung rong rii
trong nhiéu linh vyc nhu robot, phuong tién bay khong nguoi 14i, 6 t6 ty hanh va cac
hé théng ty dong hoa thong minh. Do d6, nghién ctru diéu khién cac hé thong dong luc
da va dang tré thanh mot hudng nghién ctru s61 dong, thu hat sy quan tdm cua dong
dao cac nha toan hoc va k¥ su trén toan thé gidi. Trong thoi gian gan day, nhidu két
qua nghién ctru c6 gia tri trong linh vuc nay da dugce cong bd, gop phan thuc day su
phat trién cta 1y thuyét va tng dung diéu khién hién dai [7][8][9][10][11].

Trong diéu khién hién dai, diéu khién kich hoat sy kién (event-triggered control
- ETC) d4 ndi 1én nhur mot huéng nghién ciru quan trong nham giam tai truyén thong,
tiét kiém tai nguyén tinh toan va ning lugng trong cic hé thong dicu khién mang ma
van dam bao céc chi tiéu on dinh va hidu ning. Khac véi co ché diéu khién theo chu ky
thoi gian, ETC chi cap nhat tin hiéu diéu khién khi mét diéu kién kich hoat nhét dinh
dugc théa man. Nhitng nghién cuu nén tang vé diéu khién dua trén sy kién c6 thé ké
dén cong trinh ctia Lunze va cong sy voi tiép can phan hoi trang thai [12]. Trén co so
d6, nhiéu két qua da dugc phat trién cho cac 16p hé phirc tap nhu hé suy bién, hé mo T-
S, hé co tré va hé nhay Markov. Chfmg han, Li va cong su nghién ctu diéu khién tiéu
tan kich hoat sy kién cho hé suy bién md T-S [13], Xing va cong sy xem xét bai toan
diéu khién kich hoat sy kién cho hé suy bién ngau nhién c6 tré trang thai [16], trong
khi cac muc tiéu He, thu dong va diéu khién trugt ciing duogc tich hop véi co ché kich
hoat sy kién trong [14][15][16][17]. Tuy nhién, cac két qua hién c6 chu yéu tap trung
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vao cac hé tuyén tinh hodc ban tuyén tinh, va nghién ctiu cho 16p hé phi tuyén con
tuong d6i han ché. Dic biét, d6i véi cac hé phi tuyén ma ham phi tuyén phy thudc truc
tiép vao tin hiéu diéu khién, theo hiéu biét t6t nhat ciia cac tac gia, chua c6 cong trinh
nao nghién curu diéu khién kich hoat su kién mot cach hé théng cho 16p hé nay. Vi vay,
bai bao nay tap trung vao viéc phat trién mot lugc do diéu khién kich hoat su kién cho
16p hé phi tuyén c6 chtra diéu khién trong ham phi tuyén, dong thoi dua ra cac diéu
kién 6n dinh va/hodc hiéu nang du dudi dang bat déng thirc ma tran tuyén tinh, qua do
mo rong va bd sung cac két qua hién cé trong linh vyuc diéu khién kich hoat sy kién.

2. CAC KET QUA CHINH

Trong phan nay, chiing ta nghién ctru 16p hé phi tuyén c6 chira diéu khién duoc
mo ta bdi phuong trinh vi phan sau day:
{)'c(t) = Ax(t) + Bu(t) + f(t,x(t),u(t)),t =0, (1)
x(0) = xo,
trong d6 x(t) € R™ 1a cac véc to trang thai, u(t) € R™ véc to dicu khién dau
vao va y(t) € R™véc to do do dau ra ctia hé thong. Cac ma tran hang 4,8 duogc biét
trudc va c6 sd chiéu phi hop. Ngoai ra, ham S (@,x(@0),u()) 1a phi tuyén va thoa man
cac diéu kién ting truong sau:
I f(tx(@®),u®) 1< all x(©) 17+ B I u(t) 1%, 2)
trong do & va B 1a cac sé duong.
Tiép theo, chung ta s& thiét ké mot diéu khién kich hoat sy kién cho hé (1) sé& co
dang sau:
u(t) = Kx(t), 3)

. x( \ . - X n n ., v. ez L .
trong do, ( 1’) la trang thai mdéi nhat dugc cdp nhat tai cac thoi diem »° Khi

d6, véc to trang thai 16i 1) giita trang thai hé thong ¥ ) va trang thai truyén mdi nhat

x(1,)

duogc xac dinh nhu sau:

L(t) = x(tp) — x(O). (4)

7. N\ \ y . A y . A t A re o A t
Luc nay, tir trang thai dugc truyén méi nhat » dén trang thai tiép theo 7*! duoc
xac dinh theo cong thirc sau:

tpar = t + minfs = t —t, [IT(OMI() > T ()M (t)} (5)

o day, M; 12 ma tran ddi xtng xac dinh duong dugc goi 1a ma trén kich hoat, I 1a
héng ) duong cho trudc duoc goi 1a h¢ kich hoat.

‘ t,t ) , -
Chu y rang, trén toan bd nira khoang [ P>"P*1) tin hiéu khong duogc truyén di.
Trén ving nay, diéu kién sau 13 thoa man:

[T(OMI() < tpxT () Mrx(t). (6)
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Két hop cac phuong trinh (1), (3) va (4), ta c6 hé dong sau day
{J'C(t) = (A+ BK)x(t) + BKI(t) + f(t,x(t), K(I(t) + x(t))),t =0 (7)
x(0) = x,. ’ , ,
Trudce khi trinh bay két qua trong tam, chiing t6i nhac lai mot s6 khai niém co
ban cung v6i cac bod de can thiet dudi day.
Pinh nghia 2.1. Hé dong (7) duoc goi 1a 6n dinh néu véi mdi € > 0 tdn tai
5(£)>0 %ol <&

, . . 4 A A A X N ~ \ A ’
sao cho v61 moi di€u kién ban dau "° théa man thi ta luén co

Hx(t,xo)” <&Vt 20.

B6 dé 2.2 ([18]). Gid sir X, Y la cdc ma trdn cé sé chiéu phit hop va ma trdn Y la
doi xing xdc dinh dwong. Khi do,
2x" Xy <yTYy+xTXTY 1Xx
voi moi vec to (X, y).
B6 dé 2.3 (B6 dé phan bu Schur [18]). Cho cdc ma trdn bdt ki M, N, P ¢6 s6
chiéu thich hop, M = MT,N = NT > 0. Khi dé,
[M PT] < 0 néuvachinéu M +PTN'P <0.
P —N
Bo dé 2.4 ([18]). Gid sir LisLy 14 cac ma trdn bét ky 6 s6 chiéu phit hop va S la
ma trdn xdc dinh dwong. Khi dé ta c6 bat dang thirc sau:
Li"Ly+L," Ly <L,"SL; +L,"S7'L,.
Két qua chinh ctia nghién ctru duoc trinh bay trong dinh 1y sau.
Pinh 1y 2.5. Hé déng (7) la 6n dinh néu ton tai cic ma trdn doi xirng xdc dinh

duong S, Ny va ma trgn W bdt ky c6 sé chiéu thich hop sao cho bat dang thirc ma
tran tuyen tinh sau dwoc thoa man:

AS + SAT+ BW + W'BT + [ +t;N; BW 0 S W )
x N, WT 0 0
1
* * _il 0 0 <o.
* * * —l] 0
a
* * * * —%I_

. . -1
Khi do, ma trdn diéu kién nguoc kich hoat su kién dwoc xdc minh la K=Ws".
Churng minh. Xét ham Lyapunov c6 dang sau day

V(t,x(t)) =xT(t)S™1x(t), t=0. 9)
Voi Ve, x(0)=x (t)P_lx(t) . Khi d6, doc theo quy dao cua hé dong (7), ta co
V(t,x(®) = 2xT(£)S 1% (t) (10)

= 2xT(£)S1 [(A + BK)x(t) + BKI(t) + f (t,x(t),K(l(t) + x(t)))]
= 2xT()S™1(A + BK)x(t)
+2xT()STIBKI(t) + 2x T ()STLf (¢, x(t), K(I(t) + x(t))), ¢t
>0
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Str dung B6 dé 2.2, ta co
2xT()S7Lf (t, x(), K(L(®) + x(t))) (11)

< xT(O)STHS (@) + If (& x (@), KA®) + x(ONII.
Ngoai ra, tir diéu kién ctia ham phi tuyén trong (2), ta c6 danh gia sau
I (£,2(0), K(1(8) + x(0)) ) |1 (12)
< allx@®II* + BIKA®) + x(ONII?
< allx@®II* + BIKIFALO + [lx©1D?
, < allx@®II* + 281K AL + [lxO11).
Két hop cac phuong trinh (6) va (10)-(12), ta thu dugc
V(t,x(®) < 2xT(£)S™H(A + BK)x(¢) (13)
+ 2xT(£)ST1BKI(t)
+xT(t)S71S1x(t)
+(al + 28K 1) lx ()1
+2BIKII1LON?
+rrx T ()Mrx(t) — T ()M7I(t), t=0.

bat y(6)=5"x(t) va e(t) = S_ll(t). Twr (13), suy ra

V(t,x(©)) < 2yT(t)(A + BK)Sy(t) (14)
+2yT()BKSe(t) +y T (®)y(t)
+yT(t)S(al + 2BKTK)Sy(t)
+2BeT(t)SKTKSe(t) + 17y (£)SMSy(t) —
- eT(t)SMTSe(t)

[y(t)] [aﬂ BKS ] [y(t) £>0

e(t) —SM7S + 2BSKTKS|le(t)]” ~ =

o day
M =AS +SAT + BKS+SK'BT + 1 + S(al + 2BK"K)S + 17SM7S.

Pt W = kSva Vr =SMrS oy Véo (14) ta c6
: y(t)] [N y(t) (15)
VL x(©) = [e(t) « —Np+ Z,BWTW e) =

o day

N =AS +SAT + BW + WTBT + 1 + aSIS + 2BWTW + t;Ny.
Theo b dé 2.3 (Bb dé phan bu Schur), diéu kién (8) théa man khi va chi khi

N BW
[ « —Np+28wTw| <0
Do @6, tir phuong trinh (15) suy ra
V(t,x() <0, t=0. (16)
Twr (16), suy ra
V(t,x(6)) <V (0,%,) < A (S| > £20 an
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Mat khac, ta co:

V(t,x(t)) > Ay (S|, 20 (18)
Két hop (17) va (18) ta duoc
1 (S (19)
ol = g ol 20
ﬂ’max (S_l)

(S <
Vay, voi moi € > 0 cho trude, ta chon Ain (57) , khi d6 ||x0|| - 5ta

< 3 .
ludén co ||x(t)|| =¢ pidu nay ching minh hé (7) 1a 6n dinh. Pinh li dugc chiing minh.
Nhén xét 2.6. Xét truong hop hé (1) la tuyén tinh, tirc la ham f(-) = 0. Khi do,
hé dong (7) tro thanh hé vi phdn tuyén tinh sau
x(t) =(A, +B,K)x(t), t=0 (20)
x(0) =x,
Trén co so cua dinh li 2.5, ching ta c6 hé qua sau. )
HE qua 2.7. H¢ dong (20) la on dinh néu ton tai cac ma trgn doi xung xac dinh

duong S, Ny va ma trdgn W bdt ky c6 s6 chiéu thich hop sao cho bdt dang thirc ma trgn
tuyén tinh sau dwoc théa man
AS +SAT+BW +WTBT + 1N BW <0 (21)
* —Nyp ’
Khi d6, ma trdn diéu khién nguoc kich hoat su kién duoc xdc dinh la
K=ws".

3. Vi DU MINH HOA

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

Xét hé phuong trinh vi phan phi tuyén (1) ¢6 cic ma trdn hé s nhu sau

~0,8 0,4 -0,1 0,3
A=103 -0,9 0 |, B=[05

0,3 03 -0,5 0,8

Ta chon hé sb kich hoat °7 = 3 va @=B=0,05 gpi g6 giai bit dang thirc ma
tran tuyén tinh (8) ta tim dugc cac ma tran sau

17,1420 -8,1349 -1.6207 3,2800 -2,6860 —0,1754
S=|-8,1349 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
, M,.=|-0,0001 0,0103 0,0002
K= [—0, 0380 -0,0435 —0.0520] 0,0003 0,0002 0,0078
DPé mé phong cac quy dao cua dé dong dudi diéu khién kich hoat va ma tran kich
hoat sy kién gidi ra & trén chiang ta chon diéu kién ban dau

%(0)=0.5,%,(0)==0.5,%,(0) =05 4 1311 phi tuyén tinh xéc dinh boi

\/o, 05x2 (1) + 0’2?5 (0,0380x, (£) +0.0435x,(£) + 0,0520x,(£))’

0,

£t x(0),u(t)) = \/0,0Sxf(t)+ ;)5 (0,0380x, (£) +0.0435x, () + 0,0520x, (£))*

0,

\/0, 05x2(£) + 305 (0,0380x, (£) +0.0435x, (£) + 0,0520x, (£))*

Hinh 1 1a cac quy dao trang thai X, (1), x,(1) va x;(t) ctia hé dong (7) dudi diéu
khién kich hoat va ma tran kich hoat sy kién. Hinh 1 ta thiy rang cac quy dao cta hé 1a
6n dinh. Hinh 2 1a mé ta khoang thoi gian kich hoat. Qua do kh'flng dinh duoc tinh hiéu
qué cua phuong phap duoc dé xuat trong nghién ctru nay.

0.5

—l) 25T

04 —

03 %)

0
2l 09900000000000000¢
0.2

0.1

0

x(t)

01 | 1t
02
44 05

04

05 ‘ : : 0 10 20 30 40 50
0 10 20 30 40 50 {(s)

t(s)
Hinh 1. Cic quy dao trang thai cia hé
dong dieu khién kich hoat sw kién (7)

Hinh 2. Khoang thoi diém kich hoat sy ki¢n
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4. KET LUAN

Trong bai bao ndy, ching toi tp trung nghién ciru bai toan 6n dinh, dong thoi
phat trién phuong phap thiét ké bo diéu khién kich hoat theo sy kién cho mét 16p hé
phuong trinh vi phan phi tuyén. Mot luge d6 kich hoat su kién phu hop duoc dé xuét
nham giam tan suét cap nhat tin hiéu diéu khién ma van bao dam tinh on dinh cua hé
dong. Dya trén viéc xay dung ham Lyapunov thich hop va ap dung cac ky thuat danh
gia hiéu qua, cac diéu kién du dé hé dong 1a 6n dinh di duoc thiét 1ap dudi dang bat
dang thirc ma tran tuyén tinh, tir 46 cho phép tong hop luat diéu khién phan hdi trang
thai kich hoat sy kién. Trong cac nghién ctru tiép theo, hudng phat trién co thé tap
trung vao viéc mé rong két qua cho cac 16p hé c6 tré, nhidu khong chic chin hodc rang
budc truyén thong phtrc tap hon.
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   {       x . ( t ) = A x ( t ) + B u ( t ) + f ( t , x ( t ) , u ( t ) ) , t ≥ 0 ,    x ( 0 ) =   x 0 ,


  x ( t ) ∈  ℝ  n


  u ( t ) ∈  ℝ    n  u


  y ( t ) ∈  ℝ    n  y


  ∥ f ( t , x ( t ) , u ( t ) )  ∥ 2 ≤ 𝛼 ∥ x ( t )  ∥ 2 + 𝛽 ∥ u ( t )  ∥ 2 ,


  u ( t ) = K x (   t  p ) ,


  l ( t ) = x (   t  p ) − x ( t )


     t  p + 1 =   t  p +   m i n  s > 0   { s = t −   t  p |   l ⊤ ( t )   M  T l ( t ) >   𝜏  T   x ⊤ ( t )   M  T x ( t ) }


    l ⊤ ( t )   M  T l ( t ) ≤   𝜏  T   x ⊤ ( t )   M  T x ( t )


   {       x . ( t ) = ( A + B K ) x ( t ) + B K l ( t ) + f ( t , x ( t ) , K ( l ( t ) + x ( t ) ) ) , t ≥ 0    x ( 0 ) =   x 0 .


  2   x ⊤ X y ≤   y ⊤ Y y +   x ⊤   X ⊤   Y  − 1 X x


  M =   M ⊤ , N =   N ⊤ > 0 .  


   [     M               P ⊤    P       − N ] < 0


  M +   P ⊤   N  − 1 P < 0 .


      L 1 ⊤   L 2 +     L 2 ⊤   L 1 ≤     L 1 ⊤ S   L 1 +     L 2 ⊤   S  − 1   L 2 .


   [    A S + S   A ⊤ + B W +   W ⊤   B ⊤ + I +   𝜏  T   N  T  B W  0  S    W ⊤   ∗  −   N  T  W  ​ ⊤  0  0   ∗  ∗  −  1  2 𝛽 I  0  0   ∗  ∗  ∗  −  1  𝛼 I  0   ∗  ∗  ∗  ∗  −  1  2 𝛽 I ] < 0 .


                                                                            V ( t , x ( t ) ) =   x ⊤ ( t )   S  − 1 x ( t ) ,       ​ t ≥ 0  


    V .  ( t , x  ( t ) ) = 2   x ⊤  ( t )   S  − 1   x .  ( t )            


  2   x ⊤  ( t )   S  − 1 f  ( t , x  ( t ) , K  ( l  ( t ) + x  ( t ) ) )                                                                


  


                                        ‖ f  ( t , x  ( t ) , K  ( l  ( t ) + x  ( t ) ) )  ‖ 2                        


  


    V .  ( t , x  ( t ) ) ≤ 2   x ⊤  ( t )   S  − 1  ( A + B K ) x  ( t )                                                            


                      V . .  ( t , x  ( t ) ) ≤ 2   y ⊤  ( t )  ( A + B K ) S y  ( t )                                                              


 


  


  +   y ⊤  ( t ) S  ( 𝛼 I + 2 𝛽   K ⊤ K ) S y  ( t )                                                    


  + 2 𝛽   e ⊤  ( t ) S   K ⊤ K S e  ( t )       +   𝜏  T   y ⊤  ( t ) S   M  T S y  ( t ) −                                                           −     e ⊤  ( t ) S   M  T S e  ( t )                                              


  ℳ = A S + S   A ⊤ + B K S + S   K ⊤   B ⊤ + I + S ( 𝛼 I + 2 𝛽   K ⊤ K ) S +   𝜏  T S   M  T S


    V . ( t , x ( t ) ) ≤    [    y ( t )   e ( t ) ] ⊤  [    𝒩  B W   ∗  −   N  T + 2 𝛽   W ⊤ W ]  [    y ( t )   e ( t ) ] ,       ​ t ≥ 0


  𝒩 = A S + S   A ⊤ + B W +   W ⊤   B ⊤ + I + 𝛼 S I S + 2 𝛽   W ⊤ W +   𝜏  T   N  T


   [    𝒩  B W   ∗  −   N  T + 2 𝛽   W ⊤ W ] < 0


    V . ( t , x ( t ) ) ≤ 0 ,     ​ t ≥ 0


  f ( ⋅ ) = 0


   [    A S + S   A ⊤ + B W +   W ⊤   B ⊤ +   𝜏  T   N  T  B W   ∗  −   N  T ] < 0

