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f)IEU KHIEN THICH NGHI H~ THONG KHI f)<;>NG H<;>C
QU~T GIO - CANH NHOM

vfJ CRAN HUNG, VU NHULAN, D~NG THANH PHU

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

1. MO' DAD

H~ thong khf d9ng quat gio - canh nhom, m9t doi tircng d9ng h9C co d~c tinh d9ng hoc phong
phii va ph trc tap va dai dien cho m9t 16-pcac doi ttro'ng v~t ly cling loai, la doi ttrcng dang quan tam
M nghien ctru va irng dung thu nghiem cac phtro'ng phap di'eu khign hi~n dai [2,7]. Trong h~ thong
nay, cling nhir trong nhieu h~ thong v~t ly khac, thirong co cac b9 khuech dai khac nhau. Xet ve
khfa canh thirc te ky thu~t neu cac h~ th5ng nay heat d9ng trong mot thai gian dai thi h~ so khudch
dai noi rieng va che d9 lam vi~c noi chung se bi thay d5i, doi khi Ia. rat Ian va co thg <l.nh hirong
Ian den hoat d9ng 5n dinh cu a toan h~ th5ng. Trong dieu ki~n phat trign manh me cua cong ngh~
thong tin ngay nay, vi~c nghien ciru va u-ng dung cac phirong phap dieu khign thich nghi hien dai
tren CO' sO-may tinh dien tn.·va dieu khign true tuyen cac h~ thong loai nay cling nhir cac h~ thong
cong nghe khac la m9t di'eu can thiet.

.... , .. "" A..,........,.,'
2. PHAN TICH VA TONG HQ"FH~ THONG DIED KHIEN THICH NGHI

H~ KHi DQNG HQC QD~T GIO - CANH NHOM

H~ thong dieu khidn thich nghi diro'c xay dung theo mo hinh dieu khign thich nghi co nhan
dang va tir chinh dinh thOng so (hinh 1). Toan b9 qua trinh nhan dang, t~· chinh dinh thong so va
tfnh toan dieu khign diroc thu c hien bhg may tinh di~n tn.'. H~ thong dieu khign loai nay ducc xay
dirng tren CO' sO-nguyen ly phan tach, trong do qua trmh danh gia thong so hoac trang thai h~ thong
diroc thuc hien tach bi~t voi qua trinh tinh toan thong so b9 dieu chinh .
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Cac phirong phap danh gia thong so h~ thong va tinh toan thOng so cila b(> di'eu chinh dtroc
dung 6- day phai h1 cac phtrong phap truy h~i, vi du nhtr phirong phap bmh phirong circ ti~u [1,3]
ho~c cac phirong phap danh gia thOng so moo diro'c phat tri~n sau nay [5,6].

H~ khi di?ng h9C quat gio - canh nhOm Ia mi?t h~ co cau triic bigt truce va co ham truy'en dat ,
nhan dtro'c tir phan t ich cau true v~t If, nhir sau [2]

G(s) = p(s) = K1 e-OTlAlpcosw ••
v(s) 1+sT1 Js2+bs+MglMcosW •• +P •• AlpsinW •• ' (1)

trong do:
T1 Ia hhg so thai gian,
K1 Ia h~ so khuech dai 6- trang thai blnh hoa (steady state gain),
p s s Ia ap suat khf,
W •• 111.goc cii a canh nhom,
Mg 111.trong hro'ng ciia canh (ki d. doi trong],
A Ia di~n tich hfru Ich cda canh,
lp Ia. khoang each tu' ban Ie tai di~m dang khf d~p vao,
72 Ia dai di~n cho d(>Ian cti a str tr~,
b Ia h~ so suy giam,
J Ia quan tinh quay (rotational inertia) cua canh quay ban m,
lM Ia khoang each tir trong tam cii a canh nhom t6'i ban I'e.

H~ thong khudch dai K1 co thi bi thay d5i theo thai gian.
Mo hinh h~ thong co cau true phirc tap nhir tren khOng thich hop cho vi~c t5ng hop va di'eu

khi~n h~ thong bhg may tfnh di~n tu,. D~ co thi to'ng hop va di'eu khie'n h~ thong bhg may tinh
di~n tu- din mo ta h~ thong nay bhg mo hinh ARMA:

(2)

trong do
A(s-1) = 1+ a1s-1 + ... + ans-n,
B(s-1) = b1s-1 + ... + bms-m,
s -1 111.roan tu- dich nguoc,
y(k) Ia tin hi~u d'au ra,
u(k) 111.tin hi~u dieu khidn,
w(k) 111.nhi~u h~ thong.
Tren thtrc te cac h~ so W, Mg va J 111.rat nho nen h~ khf di?ng h9C quat gio - canh nhom co b~c

n = 1, m = 1.
De' xay dimg va t5ng hop h~ di'eu khie'n thfch nghi cho h~ thong (2) ta co the' chon phtro'ng phap

dieu khiin theo d~t circ ho~c dieu khi~n co phan h~i trang thai. Phiro'ng phap dieu khiin theo d~t
C~'Ct6 ra rat thfch hop vi no co kha nang to'ng hop h~ dieu khi~n vong kin co chat hrong theo yeu
c'au d~t truxrc.

Cho bi? dieu chinh:

(3)
trong d6

L(s-1) = 1+ 11s-1 + ... + u«:',
G( -1) -1 + + -gs = g1s ... ggS ,
r( k) Ia tin hieu dau vao h~ kin.
Dieu ki~n di nh an dang diro'c h~ thong (2) trong qua trinh nh~n dang trirc tuygn Ia b~c cila bi?

di'eu chinh (3) phai thoa man di'eu kien [1,3]:

l ~ n, g ~ m.

Tir (2) va (3) ta nhan diroc phtrong trinh d~c trtrng cua h~ kin:

A(s-1)L(s-1) + B(s--:1)G(s-1) = o.

(4)

(5)
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T5ng ho'p h~ thOng dieu khi~n theo phirong ph ap d~t Cl).'Cthirc chat la tim cac thOng so cii a b9 dieu
chlnh (3) thoa man phirong trmh:

A(s-1)L(s-1) + B(s-1)G(S-1) = T(s-1), (6)

trong d6 T(s-1) 111.da thuc phan anh d~c tinh can c6 ciia h~ kin, c6 b~c 111.max[n + I, m + g].
H~ thong diro'c xay dirng 111.m9t h~ dieu khi~n tl).' thich nghi, voi cac thOng so diro'c iro c hrong

trong qua trinh dieu khi~n, nen phtrong trinh (6) diro'c thay b3-i phirong trinh sau:

A"(k - 1, s-1)L(s-1) + B"(k - 1, s-1)G(s-1) = T(S-1), (7)

trong d6 A" (k - 1, s-1) va B" (k - 1, s-1) 111.cac da tlurc v6i cac h~ so la cac iroc hrorig thong so
cu a (2) tai biro c k - l.

Vi~c giai trirc tiep phirong trinh (7) d€ tim cac h~ so cua L(s-1) va G(s-1) doi hoi phai giai
m9t h~ phuo'ng trinh c6 max[n + I, m + g] in so trong dieu ki~n dieu khi~n tru-e tuyen. Day 111.m9t
viec lam kha kh6 khan. D€ tranh kh6 khan nay ta c6 the danh gia cac h~ so cua L(s-1) va G(s-1)
cua b9 dieu chinh (3) bbg plnrcng phap truy hoi [4].

Dinh nghia hai chu~i gill. tri thay d5i theo thai gian:

S(k) = T(s-1)h(k),

Q(k) = [A" (k - 1, s-1)L(s-1) + B" (k - 1, s-1)G(s-1)]h(k),
(8)

trong d6 h(k) 111.m9t chu~i gia tri bat kY.
Ky hieu

[
"-1 "-1<I>(k)= A (k - 1, s )h(k - 1), ... , A (k - 1, s )h(k - I),
" -1 "( -1) ( )]B (k-1,s )h(k), ... ,B k-1,s h k-g ,

8r = {11,12, ... ,I/,gl,g2, ... ,gg},

vOi lo = 1 thl c6 th€ bi€u di~n (8) diroi dang:

Q(k) = <I>(k)8r + A" (k - 1, s-1)h(k). (9)

Tir (7), (8), (9) ta tHy c6 th~ chuye n bai toan gic\.i.true tiep phirong trlnh (7) di tim cac thOng
so L, G cua b9 di'eu chlnh (3) thanh bai toan danh gia thOng so qua trlnh sau:

S(k) = <I>(k)8r + A" (k - 1, S-1 )h(k). (10)

Neu vOi moi h(k) ma tim diroc 8r sao cho thoa man (10) thi 8r cling thoa man (7).
Bai toan d anh gia tliong so qua trlnh (10) c6 th€ giai diro'c bhg phucrng phap bmh phircng C,!C

ti€u truy hoi (BPCTTH) ho~c cac phuong phap truy hoi khac. Tir ket qua danh gia thong so cua
qua trinh (10) ta nh~n dU'Q"CU'o-chrong vec to thong so 8; (k):

" "" 1\ 1\ 1\ "}8r(k) = {l1,l2,···,l/ ,gl,g2,···,gg . (11)

Qua trinh d anh gia thong so cua (10) bhg phucng phap blnh plnro'ng C,!Cti~u truy hoi 111.m9t
qua trmh h9i tv va h9i tv den vec to' thOng so th~t [1,3]' nen vec ta thOng so (11) se h9i tv den
thOng so cii a b9 dieu chlnh (3).

3. CHUO"NG TRiNH DIEm KHlEN TV THiCH NGHI H~ THONG
KHi DQNG HQC QU~T GIO - CANH NHOM

Chuo'ng trlnh dieu khi~n t'! thich nghi dU'Q"Cviet d€ thtrc hien dieu khi~n trirc tuyen h~ thong
khf d<;mg hoc quat gi6 - canh nhorn bhg may tfnh , ChU'O'Ilg trinh nay cling diroc xay dung theo
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huang t5ng quat M co khA nang di'eu khi€n dlr<!c d. cac doi tUq'ng v~t ly khac.

I Kh3-i d9ng cac b9 chuy€n d5i ADC, DAC I
1

Nh~p b~c cua doi tU'q'llg va cUa d9 di'eu chinh

Chon gia tri kho'i dau cho cac vec to'
thong so e(o), er(O)

Nhap thOng so cho da tlnrc mh T(k)

Nhjip gia tri d~t r(k)

DU'a ra tin hi~u dieu khi€n u(O) qua DAC

1<--------
,--------

D9C y(k) tIT ADC
-------

1.--------~
Danh gia thOng so e" (k) cu a doi tu'o'ng

bhg phuO'ng phap BPCTTH

___________ l~ ~
Cho gia tri h(k)

-------
_____ l~ ~

Tinh T(k)
------

1.---------
Danh gia thOng so e; (k) cu a b9 dieu
chinh Mng phuO'ng phcip BPCTTH

1,----------
Tinh gia tri di'eu khi~n u(k) va dU'a ra DAC I

1

4. KET LU~N

Qua trinh dieu khi€n h~ th5ng khi d9ng h9C quat gi6 - canh nhom diroc thirc hi~n theo hai qua
trlnh: dieu khie'n kinh die'n PID theo phirong phap Takahashi va phtrong phap dieu khie'n th:ich nghi
trinh bay trong bai bao nay. K~t qua cac qua trlnh dieu khign diro'c the' hien tren cac hlnh: hinh 2
111. qua trlnh dieu khie'n theo lu~t PID, hinh 3 la qua trlnh dieu khie'n tv- thich nghi. Trong dieu kien
thong so khOng d5i va co nhi~u dang tai dau thl phiro'ng phap dieu khi€n theo PID co chat hrong
dieu khie'n tot hem.

Khi thOng so h~ thong thay d5i, khoang 15% thl h~ dieu khie'n PID bi mat 5n dinh [hinh 4).
Cling trong dieu ki~n thOng so bi thay d5i nhtr th~ thi h~ thong di'eu khie'n thich nghi dii tv- chinh
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dinh dtro'c cac thong so di'eu khi€n va. vh dam bao di'eu khign h~ thong 5n dinh (hlnh 5).
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Hinh 2. Di'eu khign PID, trtro'ng hop c6 d.i Hinh S. Dieu khign thich nghi, trtro'ng hop c6 tai
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Hinh 4. Dieu khi~n PID, trtro'ng hop
thong so h~ thong thay d5i

Hinh 5. Di'eu khi~n thich nghi, trtro'ng hop
thOng so h~ thong thay d5i
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