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PAM BAO TINH BEN VUNG CHO HE PIEU KHIEN THICH NGHI

Nguyén Vin Vy', Nguyén Quéin Nhu, Nguyén Vin Hiing
Truong Dai hoc Viét Bac

TOM TAT

Diéu khién thich nghi 13 hé diéu khién hién dai, dam bao duogc chét luong ra theo mong mudn khi
tham s cua ddi tuong thay déi va nhidu tac dong. Tuy nhién, ngoai cac vu diém thi nhugce diém
co ban cta Diéu khién thich nghi 1a khéng dam bao tinh bén viing khi diéu khién cac ddi tuong co
sai 1éch md hinh. Bai bao tap trung nghién ctru viéc khic phuc nhugc diém trén bang cach thiét ké
b6 Diéu khién thi nghi bén viing : dam bao théa min tinh thich nghi ddi véi su thay ddi cua cac
tham s theo thoi gian va bén viing d6i v6i sai 1éch ctia mé hinh va nhiéu. Tinh bén viing ¢ day dat
dugc bang cach sir dung luat thich nghi bén viing dé ung dung vao so d6 diéu khién. Két qua dé
xuét trén dugc kiém nghiém bang mo phong thé hién tinh bén vimng cia hé duoc dam bao.

Tur khéa: Piéu khién tw dong; Piéu khién thich nghi; Piéu khién thich nghi bén vimg; hé phi
tuyén, sai léch mo hinh; nhiéu.
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ABSTRACT
This paper proposes a design of robust adaptive controllers for systems with unknown time-
varying parameters and unmodeled dynamics to overcome non-robustness of existing adaptive
control. These controllers adapt to time-varying parameters and are robust to unmodeled dynamics
via development of robust adaptive laws. Simulation results verify the proposed control design.
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DAT VAN BE

Diéu khién thich nghi (BKTN) cic hé tuyén
tinh da duoc nghién ciru twong ddi hoan chinh
va da duoc 4p dung vao thuc té [1,2]. Tuy
nhién, trong thuc té cac déi tuongcan diéu
khién thuong 1a phi tuyén cd chira cac tham
s6 khong biét trudc va cac thanh phan dong
hoc rat kho hoiac khéng thé md hinh hda
dugc. Khi sir dung DKTN cho cac dbi tugng
nay s& khong dam bao tinh bén viing. Chinh
vi thé dd c6 nhiéu cong trinh nghién ctu
nham nang cao tinh bén viing cho cac hé
DKTN khi diéu khién cac dbi twong phi tuyén
manh [2], [3], [4] [5].

Hé diéu khién thich nghi dién hinh bao gom
hai phan chinh : luat diéu khién va luat thich
nghi (Luat danh gia tham s6). Vi vy, bai toan
dam bao tinh bén viing cho hé Diéu khién
thich nghi cling duoc nghién cuau theo hai
huéng sau day:

- Tim céc bo danh gia tham s bén viing
(luat thich nghi bén viing) dé dat dugc tinh
bén vitng cia hé PKTN.

- Tim céc luat diéu khién bén vimng dé tng
dung vao so do diéu khién thich nghi.

Trong khuan khé bai bao, noi dung nghién
ctru di theo hudng thir nhat 1a huéng dang
dugc nhiu nguoi quan tdm va c6 nhiéu trién
vong. B danh gia tham bén viing & day ding
thuat toan nhan dang binh phuong tdi thiéu
cai tién bang cach dua thém vao bo danh gia
“ying tat danh gia”. Chirc ning cua “ving tat
dang gia” ding dé dong, cit qua trinh cap
nhat thich nghi tham sé. Qué trinh thich nghi
chi xay ra khi sai sé cua tin hiéu ra 16n hon
mot gia tri ngudng nao d6. Gia tri nay dugc
goi 1a “ving tit dang gia”. Dé chon duoc kich
thudc cua “ving tit dang gia” thich hop can
phai biét gia tri chan trén caa nhidu va thanh
phan dong hoc khong mo hinh hoéa duge. Bo
danh gia loai nay dam bao tinh bi chan cua
cac tin hiéu trong mach vong thich nghi va do
d6 he Diéu khién thich nghi 6n dinh bén viing
(2], [3].

CAU TRUC HE BPKTN BEN VUNG

Gia thiét md hinh tham sé cua ddi tugng duoc
biéu dién nhu sau:

(Mo + AM) y(t) = (No+ AN)u(t) +dy(t) (1)
Trong do:

- Mo va Ny - 14 céc da thitc Hurwitz ddi véi Z
' va nguyén t6 cang nhau;

- AM va AN - thanh phéan dong hoc rat kho
hoac khong mo hinh hoa duoc;

- Z* - todn tir tré don vi;

- dy(t) 1a thanh phan nhiéu tac dong vao doi
tuong.

T (1) tq xay dung dugc so d6 khdi cua hé
DKTN bén vitng trén hinh H.1.

:;1 Bo diéu khién |'

DOl TUONG

Luit diéu khién

B6 danh gia
L] £
tham s6

|

Hinh 1. So do hé PKTN bén viing
Céac da thie Mg va No dugc viét nhu sau:
No(ZH=by Z '+ b, Z%+.. 4 by Z™
Mo(ZH) =1+aZ ' +a,Z%+...a,Z"  (2)
V6i n > m, théng thuong trong diéu khién

n=m+1

Déi twong chuan P(Z") duogc xac dinh 14 ;
P(Z") = Mo™No (3)

Véc to tham sb c6 dang nhu sau:

0 = [-ay,...-ay, by,... by]" (4)

Véc to tin hiéu cd dang nhu sau:

o' (t-1)=[y(t-1),...y(t-n),u(t-1)...ut-m)]" (5)
BO BANH GIA THAM SO BEN VUNG

Khi giai bai toan 6n dinh bén viing cua hé
BKTN ta co cac gia thiét sau:

A, - Tham sb 6 nam trén mién 15i Q,

A, - AM va AN la 6n dinh, LTI, ¢6 kich thudc
hitu han va thoa man:
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N

< D; Ds la gia tri cho truéc
A|\/|

B

A; - Gia thiét dy(t) €Loo, tirc 13 dy(t) bi chan va
thoa man:

|d(t)| < Dy véi Dy biét trudc

Bai toan dat ra ¢ day la tim bd danh gia thong
s (bo danh gia bén vimg) sao cho cac tin
hiéu ctia hé kin 14 bi chin vé6i cac gia thiét A,
- A; dugc dap ung, khi d6 hé¢ BDKTN s¢ on
dinh bén vimg [3].

Ttr m6 hinh tham s6 (1) ta c6 thé viét lai nhu
sau:

May(t) = No u(t) + AN u(t) - AM y(t) + du(t)
y(t) = (1- Mo) y(t) + Nou(t) + AN u(t)

- AM y(t) + dy(t)

Tt (4), (5) c6 thé viét md hinh tham sb khi co
thanh phan khong mé hinh héa duoc va co
nhiéu tac dong :

y(t) = ¢ (t-1)0+d(t)+d (t), (6)
vai d(t) = da(t)+ds(t), (7
khi d6 : y(t) = ¢ (t-1)0 + d(t) (8)

Cong thic (8) c6 dang mé hinh dang hdi quy
tuyén tinh (ARX) cong thém mot sé hang md
ta thanh phan nhidu d(t). Nhu vay (8) c6 dang
hoi quy tuyén tinh chuan cong thém thanh
phan sai s6

Tir (8) c6 thé xac dinh duoc gia tri danh gia
clia vecto tham s6 0 & thoi diém t nhu sau :

0(t) =

Vay danh gia cua tin hiéu ra y(t) c¢6 thé tinh
nhu sau :

y(H)=0" (t-1)6(t-D (10)
Goi sai 50 doan trudc 1a sai s6 giita gia tri that
va gia tri danh gia cua tin hi€u tai thoi diém
(t-1) 1a &(t).

Khi do6 £(t) dugc tinh nhu sau :

e(t) = y() - y(1)

Sai s6 doan trudc do ca sai s6 thong s va sai
Iéch mo6 hinh sinh ra

Gia tri chan trén cia nhiéu d,(t) 12 D, va dugc
xac dinh nhu sau:

4,00 = { AN } {u(t)}/él ‘AN‘ <D,
~AM | | y(t) AM

Taco:

| do(t)| < D, ; D, 1a ham chan trén cua [d; ]
Luéat danh gia tham s6 st dung thuat toan
binh phuong t6i thiéu két hop véi thuat toan
chiéu va ving “tit danh gia”duoc dé nghi nhu

sau :
V(t).P(t-2).P(t-1)

0O=00-D+ 175 t—)Pt_2)gt-1)
Va:
P(H)=P(t-1)- VO)-PE-Dg()¢" (1)-P(t-1) (11)
1+¢" (Pt -D)g(t)
Tin hi€u thich nghi v(t) 1a mét ham dugc dinh
nghia nhu sau :
_af {B[Dy(t) + Dy ]&(t)} (12)
()]
f{BID,+D,],5) =

e()-BID,(t)+ D] nQu &(t)> (D, +D,)

0 nQu |e(t) < B(D,+D,)

&(t) + (D, + D) nC &(t)<-pB(D, + D)
Trong do:

&(t)

v(t)

1
b= Ve
voiae (01) - 1ahé so cap nhat
Co ché danh gia va thich nghi nhu sau :
- Khi sai s |¢|> B (D, (t) + D, ) tic la gia
tri danh gia cua tin hiéu ra y(t) khac xa véi
gia tri thuc y(t), hé sb thich nghi o tién din
dén 1 tic B>>1, qua trinh thich nghi xay ra
nhanh hon, qua trinh cdp nhat tham so d ra
cham hon.
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Nguogc lai néu|¢| < B (D, (t) + Dy )thi h¢ s6

thich nghi o= 0 qua trinl} thich nghi xay ra

chém va tién t6i ngung han. Quang thoi gian

g v6i a= 0 duoc goi 1 ving “tit danh giéN”.

Trong thoi gian ndy qud trinh thich nghi dién

ra cham nhl‘mg ’quél trinh cap nhat ddnh gid

dien ra véi tan so cao.

Nhu viy bo danh gia tham s6 la 1a mot dang

th‘uélt toan binh phuong toi thiéq co cai tién

bz'l‘ng cach dl):a thém vao vung “tat dér}g gia”.

bong thoi bang C?,Ch‘ chon vung chét thich

hop chiing ta c6 thé diévu chinh dugc qua trinh

thich nghi va dam bao 6n dinh cho hé.

MO PHONG

Gia thiét dbi tuong gﬁn diéu khién c6 dang sai

léch m6 hinh va nhiéu mo ta béi :

(Mo + AM) y(t) = (No+ AN ) u(t) + dy(t)

Sau khi, chuyén vé mé hinh tham sé cé cac

thong s6 nhu sau :

(1- 0.9366z " +0.1616 z ?) y(t) =

=(0.1974 2+ 0.1988 z ) u( t) + d(t)

Nhu vy :

Moz = 1-0.9366z7" va No(z?)
=0.1974z"

Thénl} phan sai s6 cua méﬂhinh do phan dong

hoc rat kho hodc khong thé mo hinh hoéd dugce

gayra:

AM=0.1616z%, AN=0.19882"

Theo gia thiét ta c6 :

AN

AM

Trong d6 D3 =0.03 la gia tri cho trudc.

< D,

B

Gia tri chan trén cta nhiéu cho trude 1a :

d(t) < 0.01, vt.

Chuong trinh mo phong dugc viét bang ngon
ngit  MATLAB, budc tinh 0.1 sec, s6 budc
mo phdng 1a 200.

Két qua md phong nhu trén hinh 2

chung ta thay rang khi (t) <p(D2+Dy), tirc sai
s6 nam trong ving tit danh gia, qua trinh

thich nghi ngung lai, tin hi¢u thich nghi v(t) =
0, nhung viéc cap nhat tham s6 0 dién ra voi
tan so cao (twong duong £(t) = y(t) - Y(t)
duoc cap nhat).

Nguoc lai khi g(t) > p(D2+D1), qué trinh
thich nghi dugc thyc hién, lic nay tin hiéu
thich nghi v(t) dugc tinh theo cong thic (12),
nhung qua trinh cp nhat 0 dién ra cham.

tin hieu vao u(t) tin hieu ra y(t)
1 1
0.5 0.5
0 0
-0.5 -0.5
0 50 100 150 200 0 50 100 150 200
lel, wing chet beta*(D2+D1) tin hieu thich nghi (t)
0.4 0.1
0.3
0.2 0.05
0.1 ﬂt _‘
o o 1 Fay
0 50 100 150 200 0 50 100 150 200

Hinh 2. Két qud mé phong
Nhu vay, néu biét trude gid tri chin trén cua
nhiéu D; va thanh phén dong hoc khong mo
hinh hoa dugc D,, ching ta cé thé xac dinh
duoc kich thuéc ving “tit danh gia”. Thong
thuong ngudi ta mong mudn ving chét cang
nho cang tbt, nhung trong thuc té kho c6 thé
xac dinh moét cach chinh xac cac chan trén Dy
va D,. Pay ciing 1a nhuoc diém cia phuong
phap nay, can tim cach khéc phuc.
Ttr hinh 2 ching ta ciing thdy rang tin hiéu ra
y(t) bam sat tin hiéu vao u(t) va hé thong on
dinh. Piéu d6 chimg to thuat toan danh gia
tham s6 1am viéc tdt.
KET LUAN
Bai bao trinh bay van dé 6n dinh cta hé didu
khién thich nghi. D& dam bao tinh bén viing
bai bao di theo huéng tong hop bd danh gia
tham s bén viingthay cho bo danh gia tham
s6 thong thuong dé dat duoc tinh bén viing va
6n dinh ciia hé diéu khién thich nghi. Bo danh
gia tham sd bén virng dung thuat toan nhin
dang binh phuong tbi thiéu cai tién bang cach
dwa thém vao bd danh gia “ving tit danh
gid”.“Vung tit dang gi4” dung dé dong cit
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qua trinh cap nhat thich nghi tham sb. Qua
trinh thich nghi chi xay ra khi sai s cia tin
hi€u ra lon hon gid tri ngudng nao do. Cac
phan tich va két qua md phong di ching t6 bo
danh gia tham sb no6i trén dam bao tinh bén
virng cua hé Piéu khién thich nghi.
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