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TOM TAT

Nhdn dang cdc tham sé bién doi theo thoi gian cua hé thong tuyén tinh khong dimg la mot bai
todn phirc tap, cho dén ngay hom nay van chua c¢6 mét phiong phdp tong qudt dé giai quyét bai
toan trén. Trong bai b&o nay, dé xuat mgt phwong phap nhan dang mdi givip tham so héa mé hinh
doi fuong diéu khién véi cdc tham sé bién doi tuyén tinh tirng doan theo thoi gian vé mé hinh hoi
quy tuyén tinh. Sau do, két hop sir dung phirong phép hoi quy dong mé réng (DREM) dé wore lwong
cdc tham so cua mo hinh nay giup tang do chinh xdc hgi tu cac tham so vé gia tri thuc. Cac mo
phong trén Matlab/Simulink chitng minh cho tinh dung dan cua thudt toan da dé xuat.
Tir khoa: Nhan dang; Hé théng tuyén tinh khéng dimng; Tham sé hoa; M6 hinh hdi quy tuyén tinh.

1. MO PAU

Van dé tong hop luat diéu khién cho cac hé théng tuyén tinh khong dimg (bién d6i theo thoi
gian) cho dén ngay hom nay van la bai toan khong hé don gian. Theo quan diém cua tac gia mot
phuong phap ¢ diéu khién chung cho hé théng tuyén tinh V@i cac tham s6 bién d6i chwa biét 1a khong
ton tai. Va m01 'phuong phap déu tap trung vao giai quyét bai toan diéu khién theo nhiing gia dinh
nhat dinh vé d6i tuong diéu khién, vi du nhu trong cac nghién ciru [1-8]. Cac phuong phap pho
blen dé diéu khién cac hé thong dong c6 phan ho6i nguoc manh [1, 2] gia dinh ring mot hé thong
tuyén tinh tinh dugc biéu dién dudi dang c¢b dién nhu sau:

X=Ax+bu+0(t)y
y=c'x

Trong do: x(t)eR" - Vector khdng do dugc cua cac bién trang thai mé hinh; A- Ma tran
(nxn); b - Vector (nx1); ¢ - Vector (nx1) la nhitng ma tran va vector bat biét chua rg;
6(t) e R" — Vector tham sé bién chua rd; y(t) € R' — Bién dau ra caa hé théng do duoc; u(t) e R*
— Luat diéu khién. Gia sir ham truyén cua hé thong H(p)=c' (pl —A) b =B(p)/ A(p) cb da
thiec B(p) - Hurwitz, trong nghién ciru [1, 2] da tdng hop mot khau dong hoc dac biét kich thuéc
p—1 (voi p labac cia ham truyén H(p)=B(p)/ A(p)) dé dam bao sy 6n dinh cho ddi tuong
tuyén tinh dong vai hé s6 phan hoi nguoc du I6n. DE dang nhan thay 16p mé hinh doi tugng trong
nghién ctru [1, 2] 6 it nhat 2 han ché nhu sau: dau tién la da thiee B(p) - Hurwitz, thir 2 1a vector
tham s bién chua rd @(t) nhan véi bién dau ra do duoc y(t), chir khéng phai nhan véi vector
bién trang thai khong do duoc x(t).

Trong bai b4o nay, xem xét hé thong tuyén tinh khong dimng ¢6 mé hinh nhu sau:

X(t) = A(t)x(t) + b(t)u(t)

y(t)=c' O)x()

Trong d6, cac tham s6 clia ma trén va vector A(t), b(t), c(t) - Bién ddi tuyén tinh theo thoi
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gian. Co thé thiy ddi tuong diéu khién cua hé théng dang nay khéac han so véi d6i tuong da dugc
nghién ctiu & cac cong trinh [1-8], d6 1a khong ¢ cac han ché & md hinh, tuy nhién c6 gia dinh
cht ch& hon vé cac tham s6 chua biét, khi ma chiing 1a cac ham bién doi tuyén tinh theo thoi gian.
Céc tham s6 bién doi tuyén tinh theo thoi gian co thé bét gap trong cac hé thdng co dién, hé thong
pin ning lugng mit troi,... noi cac tham sb déu cé su thay ddi so véi gia tri danh nghia trong qué
trinh hoat dong. Cu thé nhu dién tré cua rotor s& thay d6i tuyén tinh do qué trinh néng 1én caa dong
co dién khi hoat dong, hay cac tham s6 cua hé théng pin nang lugng mat troi s& thay doi tuyén tinh
v&i cuong do buc xa cta mat troi khi cac dam may di ngang qua [14].

Phuong phap nhan dang cac tham sb bién doi theo thoi gian cua hé thdng tuyén tinh khong
dung dé xuat trong bai bao nay dua trén y tuong sau: dau tién 1a st dung thu tuc lap dé tham so
héa hé thong tuyén tinh khong dung va thu dugec mo hinh hoi quy tuyén tinh véi cac tham so bién
d6i theo thoi gian. Sau d6, sir dung két qua nghién ctru [9] d€ nhan dang cac tham s6 cua mo hinh
hoéi quy tuyén tinh. Tt do, ta thu dugc két qua nhan dang cac tham so6 cua hé thong ban dau.

2. PAT BAI TOAN

Xem xét hé théng tuyén tinh khong dimg c6 dang nhu sau:

YO 40, Y 44 0, O + s (Y = 6, OU™ +...+ G (1) + G (B)u (1)

Trong do: y = y(t) va u=u(t) 1a cac ham theo thoi gian da biét va do dwoc; Hé s6 m va n da
biét va n>m; Pao ham cua céc tin hiéu y = y(t) va u=u(t) khéng do duoc; 6.(t) la cac tham
sb chua biét va bién do6i tuyén tinh theo thoi gian, véi 1=0,...,n+m.

Lién quan dén tham sb @ (t), gid dinh nhu ching s& bién d6i theo luat nhu sau:

By khi 0<t<t,, Trong dé: B, ; 1a céc hing s6 chua biét, t, ; 1a
B, khi t,<t<t,, cac s6 chua biét, j=1,..,q, véi t; l1a thoi
: diém thay d6i van toc clia tham sb @) (t).

Big khi 6, <1<y,

g = i,g+l?

Bai toan duoc datra la téng hop thuat toan nhéan dang:
o(t) = f(y,u) )
dé dam bao hoi tu tiém can tham sb é(t) dén vector tham sb chua biét

o(t) = [ A RN - R - 9] trén khodng thoi gian At=t, ;,, -t ; khi At -0 hay la
lim 6(at) =0, véi 0(t) = (1) - O(t) 3)

Do viéc mo ta loi giai cho bai toan (2) d6i vé6i hé thong co dang tong quat (1) 1a mot quy trinh
lap phuc tap, vi vy, dé dé hleu hon vé phuong phap duoc dé xuét trong bai bao, ching ta s& xem
xét truong hop don gian hon, vé di trong diéu khién bac 2 nhu sau:

y+&,Oy+60)y=6,u (4)

Can luu y rang viéc phan tich mo hinh bac hai khong thu hep pham vi 4p dung cta phwong
phap nay, ma no chi thé hién ban chat cua thu tuc ldp de tong hgp thuat toan nhén dang.

3. TONG HQP THUAT TOAN NHAN DANG
3.1. Tham s6 héa ddi twong diéu khién
Phan nay ta s& sir dung cac toan tir sau cho cdc ham phuy thudc vao t:
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- Toan tir dao ham: p=d /dt;

e A 1 1 1
- Cac toan tir vi phan: L = L= , L, = , L =——
p+1 p+a p+a (p+1)

-Quanhésau: L, { %z} =xnL, {;(2} —L{#L,{x.}} hay viétcuthéra

(1) = {zz}—i{;a @ {zz}} )

P+a p+ pt+ta pP+ta

VOi y,, y, la cadc ham theo thoi gian t va y, dao ham dugc.
Luwu y: Quan hé (*) co thé nhan duoc khi ta xem xét mot bd loc dn dinh tuyén tinh tinh c6 dang
W(p)=C" (pl —A)"B+d . Theo Swapping Lemma trong tai liéu [10], ta s& co:

WD) {12} = aW(P) {2} +W, (D) { AW, (P) { 2. }}
trong d6 W,(p)=—C"(pl —A)™", W,(p)=(pl —A)"B. Néu ta chon C" =1, 1 =1, A=—
B=«a, d =0, khi d6 ta sé dé dang nhén dugc quan hé (*).
bbi véi dbi tuong diéu khién (4), ap dung toan tir L L, ta nhan duoc:
LL {9} + LL 0.9+ LL {6y} = L L {au} ©)
Chung ta s& xem xét riéng timg s hang ctia phuong trinh (5) trén khoang thoi gian t, vaap

dung quan hé (*) voi a=1:
2

T
1 1 1
Oyl=—10yl=—" 6.y
RO ey S Gy (e )
1 1 1 . 1
i , . ; _
(p+1){2(p+1){y} (p+1){2(p+1){y}}} )
p
) _
2(p+1) { } ﬂz(p+l) {Y} —0,0, — B,0,
LL (Y} = oy = {e C }} PR
Yo+t (p+) [t (p+Y) l(p+1) )
1
=0, (! 173~ F1%
o A )=
1 1
L1L1{ ou} (p+1)2{ ou} o(p+1) { } :Bo(p 1) { } b 95 + Bo®s 9

Thay thé cac phin tir tir phuong trinh (6)-(9) vao phuong trinh (4), ta nhan dwgc mé hinh hdi
quy tuyeén tinh:

r =60, + 5,0, + 0,0, + B, + 605 + 05 (10)
Nhu vay, tir tha tuc tham s6 hoa md hinh (4) néu trén c6 thé thay rang, néu ta sir dung toan tur
1/(p+1)" cho phuong trinh (1) s& thu dugc md hinh hoi quy tuyén tinh dang twong tu (10) nhu sau:

r=0'w+p'9 (11)
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Vi Q:[Hmm,...,Hm,Hmfl,...,Qo]T va /_3=[ﬂnm,...,ﬂm,ﬂm_l,...,ﬂo]T 1a cac vector tham so thay

d6i va vector tham sb hdng chua biét trén khoang thoi gian t; ;7 @ va g lacac vector da biét.

3.2. Nhén dang cic tham sb
Phén nay ta s& sir dung thuét toan DREM [11] dé nhan dang cac vector tham s6 € va é .

Ap dung thuat toan trinh bay trong nghién ctu [9], ta st dung n+m+1 bd loc dang

H, (p) = ikx ,v6i A, >0, cho mo hinh héi quy (11):

A =T o )= O o ) )

P+ _p+7\‘k T Pt P+ = (p+N)
bit z, = M {r}, ¢ = A (o} va & =—x—k2{@}+ M {9} . Ta lap cic ma trdn
P+2 p+A, (P+2,) p+2
L ¢1T 1T
Z ¢ & o s . ,
Z=| 7 |,®=| " |, E=| 7 | vabiéudién mo hinh hoi quy tuyén tinh dang ma tran:
Zn+m+1 ¢rT+m+l gerJrl

r o' g7
=~ |0+~ 12
Tao ma trin T =[wdet(d) —we'adj(D)]. Nhan vé trai ciia phuong trinh (12) véima tran T,

ta nhan duoc:
r T Tadi QT
T . =[ww’ det(P) - v adj(P)P]O+T| — |8

. o g’ o x rl . g .
Do adj(®)D =det(®)l nén T . =T|_ |B.Tabicudien Q=T 7 va N=T|~ |.Khidé:
Q=Nj (13)

Do chu trac ma tran T (rank (T) <1) nénta c6 rank (N) <1.Khi do, tir (13) ta nhan duoc:
qt)=a' ()8, trong d6 qeR’ va @ e R™™" la cic tin hiéu do duoc.
Ap dung phuong phap DREM, ta thém n+m khéi tr& voi thong sb 7 . 4=1n+m, vanhan
duoc phuong trinh ma tran nhu sau:

Y.=Ap (14)

q(t) @' (1)
C](t:—‘tl) A Z_UT(t:— T,)

’

trong do, Y, =
q(t_Tn+m) @-T(t_l—m-m)

Nhan phuong trinh (14) v6i adj{A.} ta nhan dugc:
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Yt)=5ot)p (15)
Trong do: 6 =det{A}eR" ladinh thic clama tran A; Y =adi{A},; Y, =55, .

bé ude lugng gia tri cac cua vector f va @ ta st dung cac thudt toan sau:

B =-nd@S B ~Y) (16)
)=~ k0o 0+ xo(r -3 p) (17)

Trong d6: 7, Va k 1a nhitng s6 duong bét ky, ,[?i va 0 1a udc lugng cuia céc tham sb B va 0.
Khang dinh. Gia st nhu vector @ thoa man diéu kién kich thich lién tuc (c6 thé tham khao cac

vi du & nghién ctru [12]) va ham s6 &(t) thoa mén:
t,

i+

lim j 5%(s)ds = 0 (18)

ti

Khi @6, thuat toan (16), (17) s€ dam bao cho loi giai ctia bai toan (3).
Chirng minh. Pau tién ta s& chi ra ring thuit toan (16) dam bao cho sy hoi tu cta udc lugng ﬁi

vé B, trén khodng thoi gian At =t khi At — 0. Ta xem xét sai s6 wdc luong:

i+ |j

B=h-5 (19)
Pao ham (19), két hop v6i phuong trinh (16), ta nhan dugc:
B =B~ =186 B~ ¥) =18, + 18, =18y + 16, =-10°h, (20)

L~ T taco:

Tich phan (20) trén khoang thoi gian At =t
- - 4
Bi(At) = p, (ti,j)exp(_}/i j 5° (s)ds)
ti,j
Tir day, d& dang thiy duoc lim B.(Af)=0.

Bay gio tuong ty nhu trén ta s€ chirng minh dugc AItim O(At)=0.Pao ham 0 = é -6 ,taco:

Tir ddy, d& dang nhan thiy (xem vi du trong [13]), khi AItim ,Ei (Ar) =0 va vector @ thoa man
diéu kién kich thich lién tuc thi lim O(At)=0.
4. MO PHONG VA THAO LUAN

Dé minh ching cho tinh ding dén cua ly thuyét da duoc xdy dyng ¢ muyc 3, nghién ctru tién
hanh mé phong trén moi truong Matlab/Simulink. Xem xét d6i twong diéu khién tuyén tinh khéng
dirng bac 2 nhu mé hinh (4). Gia sit nhu cac tham sb cua dbi tuong bién dbi nhu sau:

Oy(t) =4+ [ O, 6,(t) =2+ [ AO)dt, 6,(t) =3+ [ A ()t
Trong do:
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0 khi 0<t<100
0,01 khi 100<t <200
0,(t) = B, (1) = 0 khi 200<t<300
-0,005 khi 300<t <400
0 khi 400<t<500
0 khi 0<t<100
6,(t) = B,(t) =40,02 khi 100<t <300
0 khi 300<t<500
0,(t)=f,(t)=0 khi 0<t<500
Gia sir tin hiéu diéu khién du vao co dang;
u(t) =1+10sin(4t) +10sin(2t)

Lua chon céc thong s A, =1, A, =2, A, =3, 7, =0,1, 7, =0,2, » =10°, x =1 va tién hanh
mo phong. Két qua mo phong thé hién trén cac hinh 1, hinh 2.

. —-- [ -
0.02} k % 3 A, 0.02 o
ﬁ --------- B
i 0.01} l! § =
1 | B
0.01f . yi3 L 4
! 0= 1.; VNS S ——, N —
f 1 i .’ ¢
0————1 - & ol -0.01F $
b---1 -0.02} f
-001} 1 ] i
' -0.03 , . , ,
0 100 200 ; ¢ 300 400 500 0 100 200 7,5 300 400 500
a) b)

Hinh 1. Bé thi ddp iing ciia wéc lwong cdc tham sé ,é, (t) va saiso B (t).

—a
___________ 3,
6,
0 100 200 {s 300 400 500 200 ts 300 400 500
a) b)

Hinh 2. 6 thi ddp iing ciia wéc lwong cdc tham sé éi (t) va sai sé 6, (t).
D@ dang nhén thdy & hinh 1-a va 2-a sau mot thoi gian cac tham sb wédc lwong ,é, () va éi ®)
s& hoi tu vé gid tri thuc t& A (t) va 6 (t). Tuong Gng nhu vy, & hinh 1-b va 2-b céc sai s6 wéc
luong ,B, () va é, (t) ciing s& tiém can vé 0 sau khoang thoi gian trén. Diéu nay thé hién rang thuat
toan de xuat da dam bao lam viéc tot cho muyc tiéu (3) clia bai toan nhan dang.
5.KET LUAN

Bai bao da dé xuat phuong phap tong hop thudt toan nhan dang cho mot 16p mé hinh hé thong
tuyén tinh khong ding ¢ cac tham sé bién ddi tuyén tinh ting doan theo thoi gian nhu (1). Dé
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xuit cac thuét toan nhan dang (16)-(17), dam bao hoi tu tiém cén cac tham s trong khoang thoi
gian At — oo khi thoa mén diéu kién kich thich lién tuc ddi voi vector @ va dang thirc (18) ddi
v6i ham S(t) . Két qua mo phong da minh ching cho kha ning lam viéc hiéu qué ciia phuong phéap
dé xuat. Trong cac nghién ciru tiép theo, s& s dung phuong phap trén dé nhan dang cac tham s6
ctia hé thong thuc té nhu hé thong dong co dién dong bd nam «cham vinh ctru [15], hay hé thdng
pin ning lugng mat troi [14] khi ¢ su thay doi ctia cac tham s6.
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ABSTRACT

Identification of time-varying parameters of linear time-varying systems

”

Identification of time-varying parameters of linear time-varying systems is a complex
problem, and until today there is still no general method to solve the above problem. In this
article, a new identification method is proposed to help parameterize the control object model
with parameters that vary linearly over time into a linear regression model. Then combine the
use of dynamic regressor extension and mixing method (DREM) to estimate the parameters
of this model to help increase the accuracy of convergence of the parameters to the real value.
Simulations on Matlab/Simulink demonstrate the correctness of the proposed algorithm.

Keywords: Identification; Linear time-varying system; Parametrization; Linear regression model.
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