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PIEU KHIEN THICH NGHI HE THONG KHi PONG HOC
QUAT GIO - CANH NHOM

VU CHAN HUNG, VU NHU LAN, PANG THANH PHU

Abstract. The paper presents a modern adaptive control algorithm suitable for the on-line control of
different physical objects. .

1. MO DAU

Hé théng khi ddng quat gié - cdnh nhém, mét d8i twong dong hoc ¢é dic tinh déng hoc phong
phi va phic tap va dai dién cho mét 16p cdc d8i twong vat 1y cling loai, 13 d8i twong ddng quan tdm
dé€ nghién ctru va tng dung thir nghiém céc phwong phép dieu khi€n hién dai [2,7]. Trong hé théng
nay, cing nhu trong nhiéu hé théng vit 1y khéc, thudng cé cac bd khuéch dai khic nhau. Xét vé
khia canh thuc t& kj thuit néu cac hé thdng nay hoat dong trong mét thi gian dai thi hé s6 khuéch
dai néi riéng va ché d6 1am viéc néi chung sé bi thay ddi, déi khi 13 rit lén vi c6 thé dnh hudng
16n dén hoat déng 8n dinh cda toian hé thdng. Trong diéu kién phéit trién manh mé cda cong nghé
théng tin ngly nay, viéc nghién ctru va @ng dung cic phwong phip di¢u khi€n thich nghi hién dai
trén co s& mdy tinh dién t va ditu khi€n truc tuy&n cic hé thdng loai nay ciing nhu cic hé thdng
cong nghé khac 12 mot digu cin thiét.

2. PHAN TICH VA TONG HOP HE THONG DIEU KHIEN THiCH NGHI
HE KHi PONG HOC QUAT GIO - CANH NHOM

Hé thdng diéu khién thich nghi dwoc xiy dung theo mé hinh diéu khién thich nghi c6 nhin
dang va tu chinh dinh théng s8 (hinh 1). Toin bd qué trinh nhin dang, tw chinh dinh théng sé va
tinh todn diéu khi€n dwoc thwe hién bing mdy tinh dién ti. Hé thdng diéu khién loai nay dwoc xay
dung trén co s& nguyén ly phan tach, trong d6 qué trinh ddnh gid thong s6 hodc trang thdi hé théng
duwogc thuc hién tach biét véi qué trinh tinh todn thong s8 bd dieu chinh.
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Céc phuong phép dénh gid théng s8 hé théng va tinh todn théng s8 cda bd digu chinh dwoc
dung & day phdi 1d cdc phuwong phép truy hdi, vi du nhw phu’o’ng phép binh phwong cuc ti€u [1, 3]
hodc cac phuwong phép danh gid thong s§ méi dwoc phat trién sau nay (5, 6].

Hé khi dong hoc quat gi6 - cinh nhém 1a mét hé cé ciu tric bi€t trwédc va c6 ham truyén dat,
nhin dwoc tir phéin tich cfu tric vt 1y, nhu sau [2]

p(s) K e *"2 Al cos U,

Gl(s) = -
(s) v(s) 1+ 8Ty Js?2+bs+ MglycosVWyy + Py Alysin ¥, ° (1)

trong doé:

T, Ia h'ing s6 thoi gian,

K1 13 hé s8 khuéch dai & trang thai binh hoa (steady state gain),

P,, 1a 4p sudt khi,

W,, l1a géc cda canh nhém,

Mg 13 trong luwgng cda cénh (ké ci d8i trong),

A 13 dién tich hiru ich cda cénh,

l, 13 khodng cach tir bdn [€ téi diém dong khi dip vao,

75 12 dai dién cho d6 16n cia su tré,

b 13 hé s8 suy gidm,

J 13 quén tinh quay (rotational inertia) cda cdnh quay bdn I§,

Iar 12 khodng cach tir trong tdm cda canh nhém téi bidn e,
Hé thdng khuéch dai K; c6 thé bi thay ddi theo thdi gian.

M5 hinh hé thdng c6 ciu triic phirc tap nhu trén khéng thich hop cho viéc t8ng hop va digu
khién hé théng bing may tinh dién td. D& c6 thé tng hop va diéu khi€n hé thdng bing mdy tinh
dién t& cin md t4 hé théng niy bing moé hinh ARMA:

A(s™ 1) y(k) = B(s™ 1) u(k) + w(k), (2)
trong dé

A(sTY) =1+as7t+...+a,s ",

B(s7Y) =b1s 7 +...+byps™™,

s71 13 todn t dich nguorc,

y(k) 13 tin hiéu diu ra,

u(k) 13 tin hiéu diéu khién,
w(k) 12 nhidu hé thong :

Trén thuc té cac hé s6 ¥, Mg va J la. rat nhé nén hé khi déng hoc quat gié - cdnh nhdm cé bac
n=1 m=1.

Dé xiy dung va tdng hop hé digu khién thich nghi cho hé thdng (2) ta c6 thé chon phwong phép
digu khi€n theo dit cuc hodc diéu khién cé phan hdi trang thii. Phwong phip ditu khién theo dit
cuc t6 ra rit thich hop vi né c6 khd ning tdng hop hé diéu khién vong kin c6 chit lwong theo yéu
ciu dit truéec.

Cho b diéu chinh:

L(s7") u(k) = =G(s™") y(k) + M(s™") r(k), (3)
trong dé

L(s7Y) =1+ 4Ls P +...+ s

G(s7Y) =gis +...+ggs79,

r(k) 1a tin hiu diu vao hé kin.

Diéu kién d€ nhin dang dwoc hé thdng (2) trong qué trinh nhin dang truc tuyén la bic cda bd
diéu chinh (3) phdi thda man diéu kién [1, 3]:

I>n, g>m. (4)
Tu (2) va (3) ta nhan dwoc phuong trinh dic trung cda hé kin:
A(s™HL(s™') + B(s=h)G(s7!) = 0. (5)
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T8ng hop hé thong digu khi€n theo phwong phép d3t cwe thuc chit 13 tim céc théng s8 cda b digu
chinh (3) thda man phuong trinh:

A(sTHL(s™H) + B(s7N)G(s7) = T(s7Y), (6)

trong d6 T(s™!) 1a da thic phdn 4nh dic tinh cin c6 cda hé kin, c6 bic 1a max[n+ I, m + g].

Hé théng duwoc xiy dung 1 mét hé digu khi€n tw thich nghi, véi cac théng s8 dwoe wéce lwong

trong qué trinh dieu khi€n, nén phuong trinh (6) dwgc thay béi phwong trinh sau:

ANk—1,sYL(s™) + B (k—1,s"1)G(s"!) = T(s7Y), (7)
trong d6 A" (k—1,s7!) va B"(k — 1, s71) 13 céc da thirc véi cac hé s8 1a cac wéc luong thong s3
cda (2) tai buéc k — 1.

Viéc gidi truc ti€p phuwong trinh (7) dé€ tim cac hé s8 cda L(s™!) va G(s~!) ddi hdi phii gidi
mét hé phuong trinh ¢6 max|n + I, m + g| &n s& trong diéu kién diéu khi€n truc tuyén. Day 13 mét
viéc 1am kh4 khé khin. D& tranh khé khin niy ta cé thé danh gid cic hé s8 cda L(s~ 1) va G(s™1)
cda bd digu chinh (3) bing phuong phép truy hoi [4].

Dinh nghia hai chudi gi4 tri thay di theo thdi gian:

S(k) = T(s~*)h(k),

Q(k) = [A“(k —1,s"YL(s™)+B"(k-1, sTHG(s™H)]h(k), (8)

trong d6 h(k) 13 mot chudi gid tri bat ky.
Ky hiéu
o(k) = [A"(k — 1,5 })h(k —1),.., 4" (k — 1,s"})A(k - 1),
B" (k- 1,5~ Y)A(k),...,B" (k- 1,5~ )h(k - g)],
@,- = {lls l2a ) lla 91,92 -4 gg}1

véi lp = 1 thi c6 thé bi€u dién (8) duéi dang:
Q(k) = @(k)©, + A" (k — 1,57 )h(k). (9)
Tir (7), (8), (9) ta thiy c6 thé chuyén bii todn gidi truc ti€p phuong trinh (7) d€ tim céc thong
s8 L, G cia bd diéu chinh (3) thanh bai todn dinh gid théng sd qua trinh sau:
S(k) = ®(k)®, + A" (k — 1,5~ *)h(k). (10)
Néu véi moi h(k) ma tim dwgc O, sao cho thda man (10) thi ©, cling thda man (7).
Bai toan danh gid thong s8 qua trinh (10) c6 thé gidi dwoc bing phwong phap binh phwong cuc

ti€u truy hoi (BPCTTH) hoic cic phuong phap truy hdi khdc. Tir két qud danh gid théng s8 cda
qué trinh (10) ta nhin dwgc wéc luwong véc to théng so 8: (k):

O (k) = {I3, gy s Iy 191+ 925 -Gy }- (11)

Qua trinh d4nh gid thong s8 cia (10) bing phwong phéip binh phuwong cuc ti€u truy hdi 1a mét
qué trinh héi tu va hdi tu dén véc to thong s that [1,3], nén véc to théng s8 (11) sé hdi tu dén
thong s8 cda bo diéu chinh (3).

3. CHUONG TRINH PIEU KHIEN TU THICH NGHI HE THONG
KHi PONG HQC QUAT GIO - CANH NHOM

Chuong trinh digu khi€n tw thich nghi dwgc viét d€ thuc hién diéu khién tryc tuyén hé théng
khi déng hoc quat gi6 - cAnh nhém bing may tinh. Chwong trinh niy cing dwoc xay dung theo
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huéng tdng quit d€ c6 khd ning didu khié€n dwoc cd cdc ddi twong vat Iy khic.

Khéi dug cie b3 chuyén a8i ADC, DAC
1
Nhép bic cda d8i twong va cda dd diéu chinh

!
Chon gia tri khéi dau cho céc véc to
thong s ©(0), ©,(0)

1
Nhip thong s8 cho da thirc mau T'(k)
!
Nhap gié tri dit r(k)
!
Pua ra tin hiéu digu khi€n u(0) qua DAC
l
!
Doc y(k) tir ADC
o
Danh gi4 thong s6 @A(k) cida d3i twong
bang phwong phip BPCTTH
1
Cho gid tri h(k)
!
Tinh T(k)
!

Danh gi4 théng s8 ©) (k) cda bd ditu
chinh bing phuong phip BPCTTH
4
Tinh gi4 tri diéu khi€n u(k) v dwa ra DAC

.|

4. KET LUAN

Qué trinh diéu khi€n hé thdng khi dong hoc quat gié - cAnh nhém dwgc thue hién theo hai qui
trinh: diéu khi€n kinh di€n PID theo phwong phip Takahashi v phwong phap diéu khi€n thich nghi
trinh bay trong bai bdo niy. K&t qui cic qué trinh diéu khi€n duwgc thé hién trén cic hinh: hinh 2
13 qué trinh diéu khi€n theo luit PID, hinh 3 13 qud trinh diéu khi€n tuw thich nghi. Trong diéu kién
thong s8 khéng ddi va cé nhidu dang tdi d3u thi phwong phip diéu khién theo PID cé chit lwong
diéu khi€n t&t hon.

Khi théng s8 hé théng thay ddi, khodng 15% thi hé diéu khi€n PID bi mdt Sn dinh (hinh 4).
Ciing trong diéu kién thong s§ bi thay dSi nhu thé thi hé thdng dieu khi€n thich nghi d3 tw chinh
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dinh dwogc cdc théng s§ digu khién va vn ddm bdo digu khi€n hé théng &n dinh (hinh 5).
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