26 Hoang Diing, Pham Thanh Phong, Phan Thi Thanh Van, Pham Duy Dwéng, Dwong Quang Thién

BQ QUAN SAT TRANG THAI BEN VUNG H_ CHO HE THONG PHI TUYEN
LIPSCHITZ VOI THONG SO THAY POI: PHUONG PHAP CHIA LUOI
ROBUST H_OBSERVER FOR LIPSCHITZ NONLINEAR PARAMETER VARYING SYSTEM:
GRID-BASED APPROACH

Hoang Diing, Pham Thanh Phong*, Phan Thi Thanh Vian, Pham Duy Duéng, Dwong Quang Thién

Truong Pai hoc Su pham Ky thudt - Pai hoc Da Nﬁngl

*Tac gia lién hé: ptphong@ute.udn.vn
(Nhan bai: 03/9/2022; Chéap nhan dang: 25/10/2022)

Tém tit - Bai bao trinh bay thiét ké bo quan sat trang thai bén
vimg H, cho hé théng phi tuyén Lipschitz v6i thong sb thay dbi
béng ‘phuong phép chia ludi. Trong d6, anh huong cua nhiéu 1én
sai s6 uéc luong dwoc giam thiéu bang cach sir dyung chuén hé
thong H,, trong khi d6 thanh phan phi tuyen duoc bao lai boi hé
mot diéu kién Lipschitz. Dwa vao phén tich 6n dinh cua hé théng
bing ham Lyapunov phu thudc, bai toan thiét ké bo quan sat dugc
dua vé dang bai toan giai bét phuong trinh ma tran tuyén tinh LMI
phu thudc bang phuong phép chia ludi. Sau d6, bd quan sat duge
ap dung vao udc lugng trang thai cua hé théng treo ban tich cuc
dé danh gia hiéu qua ctia phuong phap dé xuit. Cac két qua mo
phong thé hién dugc hidu qua caa phuong phap dé xuét.

Tur khéa - BO quan sat bén viing H. o ; Bét phuong trinh ma trén tuyén
tinh; Hé théng phi tuyén véi thong s thay déi; phuong phap chia ludi.

1. Phin mé déu

B0 quan sat trang thai la mét hudng nghién ciu quan
trong va thu hiit dwoc nhiéu nha khoa hoc ca trong cong
nghiép va trong hoc thuét khi nhu cau wdc luong céc trang
thai va chan doan 15i cua cac hé théng ngay cang cao. Tur
nhiing két qua ban dau vé bd loc Kalman [1] - [2] va bd
quan sat trang thai Luenberger [3], c6 thé phan loai cac
huéng nghién ctru vé b quan sat trang thai nhu sau: i) Mé
rong cic bd quan sat cd dién cho cac hé théng phrc tap chiu
tac dong cua nhidu, thanh phan khong chic chin trong mo
hinh toan hoc, thanh phan phi tuyén [4] - [12]; ii) Ung dung
cac bo quan sat vao mdt hé théng thuc té, mot $6 vi du nhu
wéc lugng cac trang thai ciia hé thong 6 tO [13] - [17], ap
dung hé dinh vi quén tinh [18] - [19], h¢ thong chan doan
16i [20] - [22]; iii) Phét trién cac cau truc bo quan sat mai,
nhu b quan sat PI, bo quan sat tong quat [23] - [31].

Trong bai b&o nay, nhom tac gia tp trung vao hudng
thir nhét va hudng thtr ba. Trong hudng thu nhét, cac cong
b [7]-[9] d4 phat trién bd quan sat cho hé thong phi tuyén
dang Lipschitz, nhung chua xét dén sy thay d01 cua cac
thong sO trong céc ma tran hé thong. Dé giai quyét van dé
nay, cac bai bao [4]-[5] da trinh bay phuong phép thiét ké
bd quan sit cho cac hé thong phi tuyén véi thong s6 thay
d6i, trong d6 cac thong sb thay doi nay dugc xem nhur 1a
bién 1ap lich trinh ctia hé théng. Sau d6, bg quan sat trang
thai voi ma trn bd quan sat thay doi twong tmg vé6i bién
1ap lich trinh duoc thiét ké. Tuy nhién, trong cac nghién
ctru nay str dung chudn H,, dé giam thiéu anh huong cta

Abstract - This paper presents the design of a robust observer H,,
for a Lipschitz nonlinear parameter varying system using a grid-
based approach. The effect of unknown input disturbance on the
estimation error states is minimized by using the criterion H,
while the nonlinearity is bounded via a Lipschitz condition. Based
on the analysis of the stability of the estimation error system using
the parameter-dependent Lyapunov function, the observer design
problem is reduced to solve the LMIs optimization by using a
grid-based approach. Then the observer is applied to estimate the
states of the semi-active damper to assess the performance of the
proposed approach. The simulation results demonstrate the
effectiveness of the proposed method.
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¢4 tin hiéu du vao khong biét va nhiu do luong 1én sai sb
udc luong, nhung chua xét dén téc do hoi tu cua bd quan
sat. Do d6, trong bai bao nay mot phwong phap thiét ké bo
guan sat H,, cho he thdng phi tuyén véi thong sO thay dbi
c6 xem xét dén toc do hoi tu cuia bd quan sat bang phuong
phap chia ludi. Cu thé 1a chuan H,, duoc st dung dé giam
thiéu anh hudng cua tin hiéu nhidu, trong khi thanh phan
phi tuyén duoc bao lai boi mot didu kién Lipschitz. Sau do,
bai toan thiét ké bo quan sat dugc dua vé dang bai toan tdi
wu giai hé bt phuong trinh ma tran tuyén tinh (LMIs) dé
tim ma tran cua bd quan sat thong qua viéc phén tich 6n
dinh cua hé théng sai s§ u6c lwong bang ham Lyapunov
phu thudc. Sau do, dé giai duoc bt phuwong trinh ma tran
tuyén tinh phu thudc nay, mot phuong phap chia ludi duoc
trinh bay. Ngoai ra, dé danh gia hiéu qua ctiia phuong phép
mai ndy, bd quan sat dugc ap dung vao udc lugng trang
thai ctia hé thong giam chan bén tich cuc ciia 6 to.

Hai dong gop chinh ciia bai bao dwoc tom tit nhu sau:

- Phat trién bd quan sat trang thai bén vimg H,, cho hé
thong phi tuyén véi thong s6 thay ddi va co xét dén tin hidu
nhiéu bang phuong phép chia ludi.

- Ap dung vao udc lugng trang thai ciia hé thong treo
ban tich cuc cua 06 t6.

2. H¢ thong phi tuyén c6 thong sb thay d6i (NonLinear
Parameter Varying system)

Trong pham vi bai béo nay, hé thong phi tuyén c6 thong
sO thay d6i dugc xem xét. Phuong trinh trang thai ciia hé
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thong nhu sau:
X=Ap X+B pu+B, p & x +Dw O
y=C p x+Dw
véi X € R™ 1a vector trang thai ctia h¢ théng; u € R™ la
vector tin hiéu diéu khién; ye R™ 1a vector tin hiéu do dau
ra; w € R™ vector tin hiéu nhidu; p € R™ 14 vector bién lap
lich trinh; A p eR™™™, B p €eR™™, B, p €R™,
D, eR™™,C p €R™™, D, e R"" 14 c4c ma tran h¢
thong. ® X 1a ham phi tuyén.

O day gia st rang p duoc biét thong qua do luong hodc
thong qua cac trang thai wdc lugng. Ngoai ra, ham phi
tuyén ® X ciling dugc gid st 1a thoa man diéu kién
Lipschitz nhu sau:

o x —@ & || < 7 [x— %], ¥ % )

v6i, , 1a hang s6 Lipschitz. Theo tai liéu tham khao [34],
diéu kién Lipschitz (2) ¢ thé viét lai nhu sau:

o x =@ %<0 x—% |, v % ©)
v6i T 14 ma tran hang da biét.

Heé thong (1) ¢6 cac ma tran cta hé thdng A p | B p,

B, p la cac ma tran phy thudc vao bién lap lich trinh p .
Do d6, hé thong phi tuyén c6 thong sO thay d6i (1) nay tong
quat hon cac h¢ thong phi tuyén ma c6 ma trén hé thong 1a
hang. Bén canh do, h¢ thong phi tuyén c6 thong so6 thay doi
(1) cting xem xét dén nhiéu w.

Cha y rang, trong trudng hop hé th(‘)ng'phi tuyén c6 ton
tai hai dang nhicu (nhicu dau vao hé thong va nhicéu do
luong) duge xem xét trong bai bao [35], cd phuong trinh
trang thai nhu sau:

{)’(A p X+B, pu+B, p & x +Dw,

4
y =Cx+ D,w, ®

Trong d6, w, € R™: va w, € R™" 1an luot 1a vector tin hiéu
nhiéu du vao hé thong va vector nhiéu do ludng.

Heé thdng (4) hoan toan c6 thé viét vé dang hé théng (1)
nhu sau:

{)'(:ApX+Blpu+sz<I>X+51w 5)

y:Cx+52w

w — —

Vi w:[ S], Di=D 0, D=0 D,, ma trin
wm

hing Cla mot truong hop dac biét cia ma tran phu

thudc C p .

R6 rang hé thong (1) 1a dang tong quat hon hé thong (4)
va hé thong (4) hoan toan c6 thé bién doi vé hé thong (1).
Do vay, trong phan tiép theo, cac budc thiét ké bo quan sat
cho hé théng (1) s& dwoc trinh bay.

3. B§ quan sat trang thai
3.1. Céu trisc bé quan sit trang thdi

Trong bai nay, bd quan sat trang thai Luenberguer duoc
mo¢ rong cho h¢ thong phi tuyén voi thong s6 thay doi (1).
Cau trtic ciia bg quan sat nhu sau:

)A(:Ap)A(—l-Blpu—l—sz(ID)A(—l-Lp y—C p X
(6)
v6i X € R™ 1a vector trang thai wdc luong cua vector X;
Ap , B p, B, p lacic ma tran h¢ théng (1) di biét;
L p 1ama trdn bd quan sét s& duoc thiét ké.
D¢ thiét ké ma tran bo quan sat L p ), sai s6 udc lugng

e dugc dinh nghia nhu sau:

e=x—X @)
Lay dao ham hai vé cia phuong trinh (7), ta duoc:
6=xX—X (8)

Thay thé (1) va (6) vao (8), ta dugc € nhu sau:
€=Ap Xx+B pu+B, p® x +Dw
—[Ap)?+Blpu+szfb)?+Lp y—cpﬁ}(g)
=Ap—-LpCe+B, p AP+ D—L p D, w
voi AD = B(x) — D(R)..

Ma tran b quan sat L p dugc thiét ké sao cho thoa
hai diéu kién sau:

- Hé théng (9) 6n dinh theo ham mi, trong trudng hop

w=0,
et 1,

ot

Dé dap tmg cac yéu cau trén, bai toan tim ma tran L p

- Giam thiéu vy sao cho <~ trong truong hop

w=0.

thoa duoc hai diéu kién trén s& chuyén vé bai toan giai bat
phuong trinh ma trdn tuyén tinh LMI (Linear Matrix
Inequality). Phan ti€ép theo s€ dugc trinh bay viéc dua bai
toan ve dang giai h¢ bat phuong trinh ma tran LMI.
3.2. Thiét ké by quan sdt

Trong phén nay, bét phuong trinh ma tran tuyén tinh
LMI (giai tim L p thoa cac yéu cau) dugc dua ra bang
cach phan tich 6n dinh cta hé théng (9) théng qua viéc sir
dung mot ham Lyapunov toan phuong phu thude vao p .

Gia str réng dao ham cua bién 1ap lich trinh | [)| <v.Ma
tran by quan sat L p dugc tim thong qua Pinh li sau:

Pinh li 1: Xét hé thong (1) va bo quan sét trang thai (6).
Gia sir ring dao ham ctia bién 1ap lich trinh || < v . Ma trén
bd quan sat duoc thiét ké thoa man cac diéu kién néu tdn tai
mot ma tran duong dbi xtmg P p ,cicmatrdn Y p vahai

hé s6 duong &, va +y 1a nghiém ciia bai toan t6i vu LMI sau:
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min
s.t.
Myp M, p Myp
M, pT —g | 0 |<0 (10)
M pT 0 —°

véi
Ml,o:A,oTPp—H:’pA,o—FCpTYpT

+Y pC p +26P p iy?-i—l +&T'T,
p

M, p=PpB p,Myp=PpD+YpDh

khi d6 ma trin bd quansat L p =—P p Y

Chirng minh: Chon ham Lyapunov dang toan phuong
phu thudc vao p nhu sau:

Vep=ePpe (12)
DPao ham hai vé cua (11), ta dugc:
(11_\: ep =€'PpetePpéte'Ppe
. . . OP
=¢'Ppe+e'Pyp e+eTpg—e (12)
D

Thay (9) vao (12), ta dugc:

av
“ep=|Ap-LpCp e+B, p A0+ D

:
o 7LpD2w}Ppe

. OP
+e'P p [ Ap—-LpCyp e+B p AP+ D—-LpD, W]+eTﬁfe

ap
. OP
N p+p— PpBp Qp
e op e
=|AT| |B, p"Pp 0 0 ||AD
w Q p' 0 0 |lv

(13)
"PpiPp Ap-LpCop ,
Q p=Pp D-LpDh,

e
Dé don gian trong trinh bay, dit n = |A®|, (13) dugc
w
viét gon lai nhu sau:
z—\:ep*n&pn (14)
voi
leﬂ'?a—P PpB p Q,p
9p
S, p =B pPp 0 0
Q) p 0 0

Chon tdc d6 hoi tu 3 cua sai s6 udc luong e, ta co:

dv

EeerZBV ep =n'% pn+20e'P pe
=0 p 7 (15)
voi
. 0P

le+2ﬁPp+p3—p PpB p Q0p
T p = B, p Pp 0 0
Q, p' 0 0

Tir diéu kién Lipschitz (3), mét diéu kién twong duong
(3) dugc viét sau:

ADPTAD <e'I'Te
S ADTAD—e'T'Te<0

Dé hé thong (9) on dinh theo ham mii va thoa mén diéu

e ¢,
oo t],

(jj—\t/ep—l—ZﬁVep—Fee Ywlw, <0

(16)

kién <7, bat phuong trinh sau phai duoc théa mén:

a7
dv .
@E ep +20V ep +1nJIn<0

I 0 O
v6iJ=|0 0 0 |,
0 0 —°I

Ap dung qua trinh S (S- procedure) [31] vao hai dleu
kién (16) va (17), ta dugc diéu kién thoa méan yéu cau on

dinh theo ham mi C(ij_\t/ ep +208V e,p <0 va
||||e tt |||| < ~ trong khi thoa diéu kién Lipschitz (3), néu ton
w

tai mot hé s & > 0 sao cho:
av

y e,p +20V e,p +n"In—¢

ADP'ADP—e'T'Te <0
av T T
adrall +20V e,p +n In—gn Qn<0
(18)
-T'T 0 0
vé6i Q=| 0 I 0f.
0 0O
Thay thé (15) vao (19) va rit gon, ta dugc:
Y p+I-5Qn<0 19)
Suy ra diéu kién twong duong (20) nhu sau:
Yp+J—Q0<0

Thay thé cac ma trdn X p ,J,

(20)

Q dugc dinh nghia
trong (15), (17), (18) vao (20), ta duoc bit phuong trinh ma
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tran sau:
. 0P .
Q p +26P p +po- 1+l T P p B o Oy p
P

B, p Pp —g 0 |<o0
Q, p' 0 —~2

(21)
Bét phuong trinh (22) thoa méan néu diéu kién sau duoc
théa man
oP .
 p +26P p :I:l/a——}—I—Q—EIF I PpB,p Q,p
P

B, p Pop -1 0 |<o0
Q, ,oT 0 —~2

(22)
Pit Y p =—P p L p vathay vao (22) ta duoc bat
phuong trinh ma trén tuyén tinh trong Binh li 1. Phan
ching minh cia Dinh li 1 hoan thanh.

Tir bt phuong trinh ma tran (10) trong Pinh Ii 1, muén
giai dugc bat phwong trinh nay thi ta phai giai v6 s6 bat
phuong trinh ma tran g véi moi g1a tri ctia bién 1ap lich
trinh . Pidu nay gan nhu khong thé giai duge. Do do, ta
sir dung phuong phép chia ludi [4] dé giai bat phuong trinh
ma trén (10) nay. Cy thé cua phuong phap nay s€ duoc trinh
bay trong phan ap dung.

4. Ap dung vao wéc lwgng trang thai hé thong treo ban
tich cuc

Tuong tu nhu trong bai bao [4], [35], de danh gia va
phan tich by quan sat dé xudt trong mién tan s6 va mién
thoi gian, phuong phap ndy dugc st dung dé u6ce trang thai
ctia hé giam chan ban tich cuc [4].
4.1. M6 hinh héa todn hoc ciia hé thong treo bdn tich cuc

Trong phéan nay, mé hinh % xe da dugc tac gia trinh bay
trong tai li¢u tham khao [4], [13] s& dugc s dung d€ khao
sat hiéu qua ctia by quan sat. M6 hinh %4 xe gom 1 hé thong
treo (1 10 xo ¢6 do cimg K, va 1 giam chan ban tich cyc), 1
banh xe dugc mo hinh héa bang 110 xo c6 d cimg k, . Khoi
lwong than trén cua xe (my ) duge ni v6i khdi lwong than
dudi ctia xe (M) thong qua hé thong treo. Ap dung dinh
ludt 2 Newton cho hé thong nay, phuong trinh dong luc hoc
dao dong quanh diém cén bang ctia hé thong nhu sau:

mZ, = —F, —F
s d (23)
mys Zus Fs + Fd - Ft
voi K=k, z,—z, luc cia 10 xo c6 do cing K.
F =k, z,—2z, 1aluc dobanh xe tao ra. M6 hinh luc F,
do giam chin tao ra trong bai bao [4] 1a nhu sau:
Fd = kO Z, =72, +G Z‘s _Zus + Fer
. f (24)
F, = 1 F,+—-u-tanh k, z, -z, +c, 7,—17,
T T

véi Ky, K., ¢, C, 7, la nhimg hé sb da biét; z,z, 1A

s ~us

d6 dich chuyén cua than trén va than dudi cta xe. z, 1a bién
dang mat duong.

O day, tin I{iéu‘diéu lfhién déu vao ula do réng xung
ctia bd PWM dé diéu khién dién ap dat vao giam chan ban
tich cyc. Do @6, u € 0%,100% .

cia hé théng nhu sau

7.7 F. " €R®,

rr»“us?’ er

Chon cac trang thai

R
X=X, %X, X, Xy, X5 = Zg— 2y, 2,2

us? =s? “us
z X
w= [ ' ] € R? la vector tin hiéu nhiéu véi 2, dao ham tin
W
m

hiéu mit duong va w, 1a nhiéu do luong, bién lap lich
p=U€ER. Sirdung hai cam bién gia toc dé do gia tdc than
trén va thén dudi cia xe lam ddu vao ciia bd quan sat
TeR?,
duoc viét nhu sau:

{>’<=Ax+|32 p®x +Dw

y =Cx+D,w

y= 1,7 Phwong trinh trang thai ctia hé thong

s “us

(25)

V6i cac ma tran hé théng A, B,(p), D,,C, D, da biét.
Ham phi tuyén & x =tanh I'x ,I'= k;c,,0,—¢,,0 thoa
min diéu kién Lipschitz (3).

O Ging dung nay, ta c6 ma trin B, p =0 va bién lap
lich p chi xuét hién ¢ mdi ma trn B, (p) . Tuy nhién, viéc
nay khong anh hudng t6i viée ap dung phuong phap da
trinh bay ¢ phan 3, bdi vi trong bat phuong trinh ma tran &
Dinh li 1 khong c6 su xuét hién cia B, p Vva cic ma tran

Ap =A.
4.2. Thiét ké by quan sdt va phan tich trong mién tin sé
4.2.1. Thiét ké b quan sat .

Nhu da trinh bay ¢ myc 3, phan nay s€ trinh bay phuong
phap chia ludi dé giai bat phuong trinh ma trén (10), tir d6
tim dugc ma trdn L p cua by quan sat.

Dé str dung phuong phap chia ludi, cac ma tran phu
thuoc P p , L p, Y p duoc chon la cic ham da thirc
bac 1 nhu sau:

Pp=R+prR
Lp=L+pL

T (26) va (27),ham Y p dugc tinh nhu sau:
=P pLp=-Rl—pRL+RL —pRL
=Y, +pY, +p°Y, (28)
V6i Yo=—Rly, Yo=— Rl +RL . Y, =RL,

Bién 1ap trinh p dugc chia thanh N diém nhu sau:

(26)
@7)

Y p

PE PPy (29)

Duya vao cac gia tri p;,i=1---N taicac diém chia ludi
da biét va tir cac phuong trinh (26), (27), (28), bai toan tdi
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wu voi bat phuong trinh ma tran (10) tim P p va Y p

dugc giam thanh bai toan toi wu sau:
2

oA Y
s.t.
Mo My Mgop
M, p ' —gl 0 [<0i=1-N (g
Myp ' 0 =
voi

T

M, p; :ApiTPpi +Pp Ap +C piTY i

+Y p, C p +28P p, £vP +1+g1'T,

M, pp =P p B, p , M; pp =P p D+Y p Dy,
voi P o =R +pR:Y g =Y +pY, 4,

Gidi bai toan tdi uu trén tai cac diém chia lu¢i nhu da
trinh bay, ta s€ dugc cac nghiém By, P, Yy, Y,, Y,.

Tir céc dinh nghia ciia Y, Y,, Y, trong biéu thirc (28),
ta viét vé dang ma tran nhu sau:

P, O Yo
—|R R \ =Y, (31)
0 R Y,
Tu (31), ma tran L, L dugc tinh nhu sau:
R, 0]y,
'E]:— R R |% @)
0 R Y

,. + N . ) .,
voi e  duogc ki hi€u nghich ddo Moore—Penrose cia ma

trin e .

Tir cac két qua Lyva L, tatimduge L p duavao biéu
thace (27).

Dé gitp ngudi doc co thé dé theo doi phuong phap thiét
ké dugc trinh bay, bang tom tat cac budc thiet ké dugce trinh
bay nhu sau:

Bing 1. Tém tdt cac bude thiét ké bé quan sat

Budére |
Pau vao cua cic bude thiét ké:
- Nhitng diém chia luéi p;,i=1---N

Noi dung

-Cacmatran A, B, p, , D, C, D,

Pau ra cta cac bude thiét ké:
- Ma tran bd quan sat Ly, L

Buéc1 | Chonham P p , L p theo biéu thirc (26) va (27)
Buéc2 | Tinhham Y p theo biéu thuc (28)
oP
Bude 3 Tinh dao ham — =R,
dp
] Giai bai toan t6i uu v6i bat phuong trinh ma tran
Buded | 30)détim B, P Y, Y., Yy, 60
Buée5 | Tinh Lyva L theo biéu thirc (32)

Ap dung Binh li 1 v&i phuong phép chia ludi duoc tom
tat 6 Bang 1 vao h¢ thong giam chan ban tich cuc véi cac
diém chia ludi cua p nhu sau:

p= 0 01
Ta duoc két qua nhu sau: v =1.4142, ¢, =1010.6 va

09 1

-0.0176  0.000034 -0.0008 0.000003
-2325.2  -30.3684 -2002.4  4.5636
L, =|-63.1529 -0.0883 |, L, =|-4.9521 0.0091
-2325.2  -29.3687 -2002.4  4.5635
0.1978 0.000064 -0.0844 0.000005

4.2.2. Phdn tich trong mién tan sé

Trong phan nay, su anh huéng ctia nhiéu w 1én sai s6
udc luong e sé duge phan tich trong mién tan so.
A . 5 r \ A \ Zr 7:
Do thi Bode cua cac ham truyén tor w = té1 e
wm

dugc thé hién trong Hinh 1 va Hinh 2. Céc d6 thi nay dugc
ve tai 11 diém chia ludi cua p .

Bode Diagram

-150

Magnillejde (dB)
o
o

107 10° 10’ 10?
Frequency (Hz)

Hinh 1. Ham truyén ||e/ Z'r"

Bode Diagram

Magnitude (dB)

10° 10
Frequency (Hz)

Hinh 2. Ham truyén ||e/wm "
Tir Hinh 1 va Hinh 2 ta thay, phuong phap nay c6 kha
nang lam suy giam anh hudng cua nhicu dén sai sO udc
lugng.
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4.3. Mt 56 két quai mé phong
Trong phin nay, bd quan sat s& dugc mod phong trong

mién thoi gian voi cac gia tri ban dau cua hé théng va ctua
bd quan sat 1a nhu sau:

x, = 0,0,0,0,0"
%, = 0.015, -0.15, 0.0015, -0.15, 8’

Dé phan tich két qua md phong thi trong phan nay chi
tap trung so sanh gia trj lyc ciia giam chan F, va gia trj udc
lugng cuia nd Ifd . Ca hai gia tri nay dugc tinh dya vao cong
thirc (24) nhu sau:

Fd :k0X1+CO X; =X, +Xs5

Fd :koﬁl'*'co )A(z_)A(4 'HA(S

Trong cong thirc tinh F, va Ifd trén ta thay c6 xuat hién
gan nhu dy du cac trang thai va gia tri udc lugng cua no.
Do d6 thong qua viée so sanh lyc F, va F,, ta co thé danh
gia dugc hiéu qua ugc luong trang thai cua phuong phap
dé xuét.

Dé danh gia duoc hiéu qua ctua phuong phap dé xuat
trong bai bao nay, phuong phap nay dugc so sanh
v6i phuong phap bd quan sat LPV duoc trinh bay trong bai
béo [4].

Trong phan mo phong nay, hai kich ban mo phong dé
danh gia hiéu qua ctia bo quan sat la nhu sau:

Kich ban 1: Khi c6 tin hi¢u mat duong loai step. Kich
ban mo6 phdong nay dugc su dung dé danh gia toc do hoi tu
cua phuong phap dé xuat.

- Mit duong z, 1a tin hiéu step dugc thé hién trong hinh
Hinh 3.

- Tin higu diéu khién u duoc xét 1a hang sbu = 0.1

H’inh 4 va Hinh 5 thé hién két qua udc luong luc va
sai sO udc lugng cua bd quan sat cua kich ban mé phong
mot. Trong do, Hinh 4 thé hién giad tri F,cta hé théng
(duong mau do) va gia tri udc lugng Ifd tr cac bo quan
sat. Cu‘thé la duong nét dit mau xanh dwong 1a phuong
phép d€ xuat trong bai bao, duong cham mau xanh la la
phuong phap duoc dé xuat trong [4]. Sai s6 uéc luong cua
kich ban mo6 phong mot nay dugce thé hién trong hinh Hinh
5. Tir két qua mo6 phong cua kich ban 1, bo quan sat dé
xuat c6 toc do hoi tu nhanh hon phwong phap dugc dé
xuat trong [4].

0 5 10 15 20
Time(s)

Hinh 3. Bién dang mat duong z, (M) trong kich ban 1

15 —F
10 = ﬁd de xuat
Fi 4]
’ l
g 05—
= Gi 0.02. ...
=5 Nk 0 "
0 :‘."-_ 20.02
2 O aisiiet -0.04
15 0.06
0 0.5 9.9998 10
-20 ! ‘ ‘
0 5 10 15 20

Time(s)

Hinh 4. Gid tri e Fy va Ifd cua hai phwong phap trong

kich ban 1
= de xuat
4 e 1]
2 '-'
&
g 0
v 2
=4
-6
0 5 10 15 20
Time(s)

Hinh 5. Sai s6 wéc lwong trong kich bdn 1
x10°

0 5 10 15 20
Time(s)
Hinh 6. Bién dang mat duong Z,(M) trong kich ban 2

Kich ban 2: Khi c6 tin hi¢éu mat duong loai chirp voi
tan sd thay d6i tir 0Hz-10Hz. Kich ban mé phong nay dugc
sir dung de danh gia hiéu qua ctia phuong phap dé xuat khi
thay doi tan s6 cia mat duong.

- Mit dudng z, 1a tin higu chirp véi tan s thay doi tir
0Hz-10Hz dugc thé hién trong hinh Hinh 6.

- Tin hiéu diéu khién u dwoc xét 1a hang sdu = 0.1

Két qua moé phong trong kich ban 2 duoc thé hién &
Hinh 7 va Hinh 8. Tu két qua mod phong nay ta thy, bo

quan sat dé xuét hiéu qua trong truedng hop tin s6 cia nhiéu
mit dudng thay doi.

15
19
10| 3,
5
5 8.3 835 8.4
2 "I
(Y
100 o — e .
P Ly
5| 5 '\"f' = Fide xuat
o 05 1 Iy 4]
20 ! | |
5 10 15 20
Time(s)

Hinh 7. Gid tri luc F4 va lfd cua hai phwong phdp trong kich ban 2
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= ¢ de xuat
e 4]

0 5 10 15 20
Time(s)

Hinh 8. Sai 56 wéc heong trong kich bdn 2

5. Két luan
Trong bai bao nay trinh bay by quan sat trang thai H_

cho hé théng phi tuyén véi thong s6 thay doi, c6 xét dén anh
huéng cua nhiéu. Trong d6, chuan H__dugc st dung dé
giam thiéu anh huéng ctia nhidu. Sau do, bai ton thiét ké bo
quan sat duoc chuyén vé bai toan giai bat phuong trinh ma
tran tuyen tinh LMI théng qua ham Lyapunov toan phuong
phu thude. Mot phuong phap chia lu6i duoc trinh bay dé giai
bai toan ti wu vi bat phuwong trinh ma tran tuyén tinh LMI
phu thudc. Dé dénh gia hiéu qua cta phuong phap méi nay,
b quan sat duge ap dung vao udce lugng cdc trang thdi cua
h¢ thong treo ban tich cuc. Két qua moé phong da thé hién
dugc hiéu qua ctia phuong phap méi nay.

Loi ciam on: Nghién ciru ndy dugc tai trg boi Quy Phat
trién Khoa hoc va Cdng nghé - Pai hoc Ba Nang trong dé
tai c6 mé s6 B2020-DN06-21.
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