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DIE U KHIEN TU THICH NGHI HE DONG LUC TUYEN TiNH
CO CAU TRUC VA THONG SO KHONG THAY DOI

Vii Chan Hung

Vien Cong nghé thong tin
I. Mo dau

Khi xay dung cac hé thong diéu khién tu dong trong cong nghlop uhieu khi nguo‘l
ta gap khé khin trong viee thiét ké cac bo diéu chinh, do dic tinh (long hoc cia hé
thong khong biét trude hode dic tinh nhiéu thay 43 trong qua trinh diéu khién.
Nhu vay can phai danh gia théng sé cia hé thong va can mét bo diéu chinh ¢6 kha
ning tu dinh chinh théng sd trong qua trinh diéu khién. Cac hé thong dicu khién
dwge xay dung theo cach nay goi la cic hé théng diéu khién thich nghi tur chinh
dinh {1]. B6 di¢u chinh tu chinh dwoe xem nhwr 1a mét t8 hop ba thanh phan: ho
dénh gid théng s6 hé thdng. bo xdc dinh théng s6 diéu chinh va bé diéu chinh. Mot
trong nhirng diéu kién dé théng sé duwge danh gia hoi tu dén thong s6 that la phai
biét trude duwrge bac cud hé thong [1.2]. Trong nhiéu tinh hudng thuc té, bac cua hé
théng khong bidt trude. Van dé danh gia thong sé va diéu khién thich nghi cac hé
thong ¢6 bac khong biét tride da duge mot s6 tac gid dé cap va giai quyét trong
thoi gian gan day [9,10]. Tlong bai bao nay, bz\”a.ng viéc phét trién phuong phép
bién phan [4.5] 1én mot bude d€ danh gia thong sé cac doi tugng ¢6 bac khong biét
trude va chon phwong phap thiét ké bo dién chinh mét cach thich hgp, chang 101
dwa ra mot thudt toan dicu khién tu thich nghi mdi cho cac hé ¢é bac va théng sb
khéng bict truwde.

2. Phuong phap bién phan

Phuong phap bién phan 1dn dau tién dugc Marchue dé xuit dé giai bai toan
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ngugce toan li [3], duge phét trién thanh phuong phap dénh gid thong sé hé thong
dong hoc [4.5].
Cho ®(k) 13 mét qué trinh thoa man phuong trinh viét & dang toan tu sau:

Lé(k) = f(k), ®(0)= Do, k€ DCR" (1)

trong d6 L 14 mot todn tiF tuyén tinh, k 1 bién thai gian, f(k) 1a kich 1hlch nguon.
Xay dung phuong trinh lién hop vai (1):

L@ (k) = g(k) (2)

trong do g(k) € L2 va L~ la toan tu t.guyé:n tinh lién hop véi L, théa man phuong
trinh sau: :

<Lr,p>=<7,L'u> . 3)

v&i moi 7, u € H.
Ky hiéu < .,. > biéu thi tich vé6 huéng trong khéng gian Hilbert H = L2(D).
Cho mot phép do duge x4c dinh bdi mét moét phiém ham do

J,[@) = <®.g>p. (4)

Cho D = {0,+1,+2, ...}, sé khong mat tinh tong quat néu dinh nghia

+00 k
<rp>= Y rhul) = > _r(hud)
—co =1 ’
Vo1 7(0) =0 va pu(l) =0 v6i moi 1 <0 val > k.

Dinh ly 1 [5]. Cho @' la nghiém cia (1) véi L=L" va f=f. Khi dd quan hé giita
cdc bién phan éJ,, 6L va éf la nhu sau:

8], = —<®;,6L >+ < P}, 6f > 5
[ g T g

trong d6 6J,=J,—J, 6L=L'~L, §f=f"—f.

3. Danh gia thong s6 he dong hoc tuyen tinh ¢6 ciu tric (bac) khong biét
trudc

Phuwong phap danh gia théng s6 méi dl_ra trén cong thic (5) la mot phuong phéap
c6 hiéu qua [4,5]. Mot trong céc diéu kién dé thong sé danh gia hoi tu vé théng s
that 1a phai biét ro cau tric (bac) cud d6i tugng duge diéu khién. Diéu nay khong
phai bao gis cling dirge thod man khi ta xay dung cac hé diéu khién tu thich nghi
trong thuc tién.

Tlong bai nay ching toi cdi blen phuong phép bién phan néi trén d€ danh gia
théng s6 cac hé déng hoc tuyén tinh c6 bac khong biét trudec.
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a. Heé tién dinh
Cho hé tuyén tinh duge mo ta dudi dang qua trinh ARMA

ZaJy(k—J) = Zb U(k~1) (6)

j=o0

trong dé ao = 1, a; va b; la cdc thong sd can danh gia, (vo, q0) 12 bac chwa biét trude
cua hé thong, u(k) 1a tin hiéu dau vao, y/(k) la tin hiéu diu ra cud hé thdng.

Ky hiéu véc to thoéng s6 thire
0* = [alaazy"'yapovbl)bzs"'1bpo]T'r
Dé& st dung cong thirc (5) nhan dang hé théng (6), trudce tién can xay dung mo

hinh danh gid. Gi thiét bac cud mé hinh danh gia (pm,qm) duwgce chon nhu sau:p,, >
Po, 4m > qo. Khi d6 mo hinh déanh gia sé co dang

Pm Im
S ajumk—3) = Y bju(k—j), ao=1. (7)
j=0 =1

Diéu d6 6 nghia 12 thay vi nhan dang hé (6), hé thong c6 khong gian théng sd m&
rong sé la doi twong cuad nhan dang:

Za]y(k——]) = Zb u(k — ]) ap = 1. _ (6 —a)

Jj= j=1

Ky hiéu véc to thong sé thirc mé rong
0*1 = [ah az,...,ap,. . bl) bz; "'1b’m]T'

D€ théng s6 duwgc danh gid héi tu vé thong s6 thue. ta dia mot kich thich ngoai
vao hé thong ciing nhu mé hinh ddnh gia. Nich thich ngoai can thoa man diéu kién
kich thich thudng trye [12].

Sit dung dinh 1y 1 ¢6 thé chirng minh:
Hé qua. Cho @ la nghiém cud ['®’' = f v6i ' = fj 4 v. Cho @ 13 nghiém cud L& = f
VOi f = fo +v, trong d6 v la kich thich ngoai, f; va fo la cdc kich thich chinh. Khi
dé quan hé gitra cac bién phan 6J,, 6L va éf 1a nhu sau:

81y = —< @, 6L% >+ < ®;,6f > (8)

trong d6 &J, = J, — Jg, 6f = f' - f.
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Hé thdng trong diéu kién 6 kich thich ngodi tic dong dugce viét lai dwdi dang -
sau:

“Pm Gy
1+ a;Biy'(k) = > bjBlu(k)+v(k), ag=1 (9)
j=1 j=1 '

trong do Biy(k) = y(k — j), v(k) la kich thich ngoail.
Mo hinh danh gid twong tfing sé 1a

Pm gm .
L+ a;Blyy (k) = > b Blu(k) + v(k). (10)
j=1 j=1 )

Trén co s& hé qui ¢ thé dan ra phuwong trinh nhan dang hé théng & dang cu thé
‘sau (8]

K Pm K Pm
81 = Y yul)Y _y'(l= §)8a;(k) + Y _yu(D)Y u(l — j)5b; (k) (11)
=1 j=1 =1 j=1

trong dé6 y;; (/) la nghiém cua phuong trinh lién hop vdi (10):

P

1+3 5,k -DF0) = 60, Fy@) =yi+i) (12)
=1

va baj(k) = a; — a;(k —1); 8b;(k) = b;(k —1).

-l e Y 1 Y . ~ .
Céc phiém ham do Jj; va J,; sé la

K K
Jojg =<y >= Zgj(l)y'(l), Joi = <givym > = Zgj(l)yM(I),
=1 =1

61g; = Jyi —~Jgj, I=1,2,..,m; m= p,,l, +gm  (13)
Bing cach nay ta c6 thé xay dung mét hé phuong trinh nhén dang hé thong.
Ky hiéu :
6J = [6J41,6742, . 80gm]T -
86 = [bay(k),bas(k), ..., 6a,, (k), 6by(k), 8by(k), .., 6b,, (k)]
Ta ¢6 thé mé ta hé phuong trinh nhan dang & dang ma tran

§J = RSO (14)

trong dé R 1a ma tran m * (pm + ¢m) Ma cac phan ti cud nd I

K K
S OY A=), tipars = S v Dull - ),
=1 =1

j = 11 <y T t = 1;---1pm; s = 11'--) dm-
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Giai (14) bing phuong phap binh phuong cire tiéu [1], hodc loc téi wu [6] ta nhan
dugc vée to bién phan théng s6 s0(k).
Véc to théng s6 duwoc ddnh gid nhu sau:

-

9 = Olk—1)+ 660k (15)

'b. Hé tuyén tinh ngAu nhién:

A~ s 4 LR .a
Cho hé tuyén tinh ngau nhién:

Po qo"_. - 7
Yoay k=g = 3 bjulk —j)+w(k) (16)
=0 :

=l

trong do cac thong 50 aJ b;, bac (po.qo) 12 chura biét, ap = 1,w(k) la nhiéu dang én
tring chuan. B

Tr ong truong hgp nay khc“m«f the (Iilng trre tié’p nhfrng két qua nhan duge & pllfin
3-a dé danh gia tllong s& hé (16), vi khong tinh dwge vé trai cud hé (11). Van dé
nau da duge trinh bay trong [4 5] va dugc gidi quyét bang phtro‘ng phap loc téi uu.

Trong phan nay ching téi trinh bay mét phrong phap don gidn hon dé gidi quyét  juyét
bai toan bang su dung bé du bdo t6i wu mot bude nhu moét mob hinh danh gia cho
hé (16). : '

Véi cach tiép can 'da duge trinh bay trong phan 3-a, ta xét hé ngau nhién ¢
khong gian théng s6 mé rong va dugce kich thich béi tin hiéu ngoai

Pm gm

Z(l,y(k —-J) = Zb u(k — ) + w(k). (16 — a)

=0 j=i

M6 hinh danh gid tyong ing véi (16-a) sé 1
Pm 9m
D ajuntk =) = bilk = Duik = §) + w(h). (17)
=0 j=I
Ky hieu
= [V'(1), ...y (k)]

Gia thiét w(k) va ye; 12 cdc qua trinh doc lap.

Bo dé. Bs du’ bdo 67 wu mot bude cho mo hinh ddnh gid (17) ¢o dang sau:

Pm Gm
om (k)= aj(k— 1)y (k—j) + Y bilk— Lu(k - j). (18)

j=0 : j=1
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Ching minh.
ym (k) = E[y.-u(k)lyxi_r:]

Pm gm
= E[(Zﬂj(’-‘—l)yu(k“j) + D btk - ')‘l(]f?—j)+w(k))_|yk—l:|

ji=1 j=l
Pm 9m
= Zaj(k = I)E[y.u(k —j)lyk—l] + Z"j(k - l)ﬁ‘[u(k _j)lyk—l]+E[(“'(k))|yk——l}
i=1 j=I
Pm Im
= > ailh=Oy'(k=Jj) + D _bilk = Duth - j)
j=1 i=l

Dinh Iy 2. Cho h¢ tuyé'n tinh ngau nhicn

Pm qm
Yoastk =hy'tk=j) = Y bilk = Dulk = j) + w(k) (19)
ji=1 j=!

trong dé w(k) li nhi¢w dang on trdng chudn. Phwong trink nhin dang cho hé (19)
co dang sau

I'm qm
Yk = an (k) = Dy k = Deaj(k) + D ulk = j)sb; (k) + w(k) (20)

j=1 j=l

trong do yy (k) dwoe tinh theo cong thite (18).
Chirng minh. D& xay dung phong trinh (20), ta vict lai hé (19) & dang toan tir
I,"D’ _ fl

trong do

I'm Ym
L'=1, " =yk), /= a5/ (k=) + D _bjulk - j)+uw(k).
j=1 Jj=t

Ta xay dung mé hinh du bao moét bude cho hé (20) bang cong thie (13) va bang
cach chon

Pm G
L=1. ®=yy(k). f=> ajtk=Dy'(k—Jj) + > _bj(k=Du(k - j).

=1 =t
Phuong trinh lién hop twong tng s¢ la

y () = g(By.-



20 Vi Chin Humg

Bang cach chon g(1) = 1 khi I = &, g(!) = 0 khi { # k, vé trai cnd (20) dugc tinh nhu
sau

k k
Ipo= S ety = k), Jg = > gNim(l) = darth).
=1

=1

&g = Jy—=Jy = y(k)—ym(k).

Vé phai cua (20) sé la

k Pm dm
<y of> = Dy vtk — jbastk) + Y ulk — 5)éb;(k) + w(l))
=1 j=1 i=i

Pm dm
=) Yk —i)bas(k) + Y ulk —j)6b;(k) + w(k).

1=1 j=1

4. Thiét ké& bd dicu chinh thich nghi tw chinh dinh

'Bo diéu chinh ty thich nghi tu chinh dinh dwoc thiét ké trén co s& dit cre hé
thong kin. Liwra chon phuong phap thiét ké nay 1a phu hop, vi qué trinh tinh toan
don gidn, mém déo, ddp ing dugce yéu cau diéu khién cic déi tugng duge mé ta
bai mot qua trinh €6 bAcC (pm, gm) tiy chon.

Viét lai hé (16) & dang sau
A(s™Hy' (k) = B(s™u(k) + w(k)

trong do
As Y =l4+a + .. tap, s

B(s7'y= 14 by 4+ ...+ by, s

s~! la toan tu dich nguge.
Xét bo dieu chinh

Lk —1,s7! yu(b) = -Gk — l.s_l),«/'(/.') + ‘-\I(s_l)r(l') (‘21)

trong do r(k) 12 tin hidu miu
Lk—=1.s5""Y=lolh =D+ ..+ 4k=Ds" 1> gy —1
Glk=1.5"Y = golk - )+ et gy k=1)s79; g>pp—1
M(s7!) la da thace tuy chon.
Chi s6 thoi gian k chi 1o cac hé s6 cua da thire ¢ thé thay doi theo thai gian.
D& ¢ duge didu khién ty thich nghi theo dit cuc, can giai phuong trinh Dio-
phantin )

Ak =1, YLk - 1,s )+ Blk=1.s")Gk - 1,s7") = T(s™Y) (22
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trong do
T(s~%) 1a da thitc phan 4nh cac cuc cud mach kin, duge dit theo yéu ciu.
Alk—1,5"Y), B(k—1,5"1) la cac da thirc c6 cic hé s6 1a céc thong s6 hé thong
dang dugc danh gia.

Gidi phuong trinh (22) ta dwoc cdc da thfrc Lk—1,571), G(k—1,s71). Két qua, nay
dugce dua vao pero’ng trinh (21) dé tinh tin hiéu diéu khlen u(k). qué trinh tinh
toan thong s6 cud bd diéu chinh (21) trong hé diéu khién tu thich nghl yéu cau giai
phuong trinh Diophantin on-line bing phuong phap truy hdi. Qua trinh nay dugc
thyc hién nhu sau [11]:

Coi vé phai cud hé (22) la mot qua trinh déng hoc can danh gid, vé trai cua (22)
12 mé hinh danh gia tuwong 1ng. Dinh nghia. hai bién ra phu z(k) va z(k)

2(k)
(k)

T(k)h(k) (23)
(A(k —Ls YLk =1, 4+ Bk —1,5")G(k - l,s—l))h(lc) (24)

trong d6 h(k) la bién vao phu.
Ta nhan thay, néu 2(k) = (k) v6i moi chudi h(k) thi cac hé s6 cud L(k—1,571), G(k -
1,571) khi dé la nghiém cua (22). -

Ky hiéu -

dk—1) = [A(k—=1,5"YHh(k = 1),..., A(k — 1,s™h(k = 1),
B(k — 1,5 Yh(k),...,B(k = 1,5 Yh(k — 9)]7
Ok = 1) = [fi(k — Dh(k = 1), ..., fitk = Dh(k = 1), golk = 1), ..., go(k — 1)]”

Viét lai (24) & dang sau
(k) = @T(k—1)0, (k- 1)+ A(k —1,s~)h(k). (24 - a)

Thuye hién danh gia qua trinh (23) véi mé hinh danh gia (24-a) bing phuong phéap
binh phuong cuc tiéu truy hdi, ta nhian duwge véc to théng sd cud b(} diéu chinh
g, (k — 1).

Nhir vay, dé xay hé diéu khlen tu thlch nghi, can hai bo danh gia thong $6.
Bé thir nhat goi la bé danh gia théng s6 hé théng, cung cip cac théng s6 cud
A(k—1,571), B(k—1,s7). B6 thir hai goi 1 bo danh gia phu, dugc st dung dé tinh
céc hé s6 cud bo diéu chinh tu thich nghi.

5. Thuat toan diéu khién tu thich nghi

Chon céac gia tri ban dau 6(0),6,(0).
Buoe 1
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xay dung phuong trinh nhan dang (14) nhés cong thire (11) cho hé tien dinh, hodc
nho céng thire (20) cho hé ngau nhién.

Bude 2
Gidi (14) bing phuong phip binh phlro‘ng cure tiéu [1] ho3c loc t01 uu [6].
Byroe 3
Tinh
0(k) = 0(k—1)+ 66(k).
Budce 4

Danh giei théng s6 qué trinh (23) v6i mod hinh (24-a) bang phuong phép bin h
phuong cyc tiéu dé nhan duo‘c 6, (k).

Budc 9
Tu}h tin hiéu diéu khién u(k) bang cong thic (21).
Budc 6

Quay tro ie_l.i budéc 1.

6. Mo phong qua trinh diéu khién thich nghi tu chinh dinh

Gia s can diéu khién t5c d6 déng co mét chidu. Mb hinh toén hoc cud né 4
dang sau

trong d6 véc to thong s6 6 = (0;0.919;3.45:3.308) va bac (2,2} gid st khong biét
trudec. ’

16

21
22
23

441
1.24

5 4] 15 20 25 30 3540 45 50 55 €0

024
O TR
0 4 ©121620242832334044435238 0 150 4 !
Hinh 1: C4c thong sé ctia A (k) Hinh 3: Dap ing y (k)

02
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Dic tinh dong hoc can ¢6 cud hé kin thé hién qua da thite dic trung T(s™') =
1-0.255"2,

Gia thiét ta chon mé hinh danh gia (10) v&1 bac (pm.gm) = (3.3). Bo dieu chinh
thich nghi duwge chon ¢6 cau tric tuwong ing

];(k—l,s"l) = 14hs P 4ls > 413572
Glk—1,57") =go+gi1s™' + gos ™2

Kich thich ngoai duge chon ¢6 dang 6n trang ¢é cuomg dd o2 = 0.1, h(k) la mot chudi
¢6 bién do bi chan.

Hinh 1 chi ra qua trinh danh gia thong sd hé théng. Cac thong sé duwge danh gia
héi tu nhanh vé cac vé céc théng so that cua déng co.

0 = [a1.as,d3.by . ba, b3]T = [0.000,0.9190,0.0000, 3.4500, 3.3079, 0.0000]7

Hinh 2-a va hinh 2-b chi ra qua trinh ty chinh dinh théng s6 cud bo diéu chinh.
Céc théng sé cua bd diéu chinh sau qua trinh ty chinh cé gia tri sau:

6, = [f1. f. f3.Go, g1 02)T = [0.0720,0.0423,0.0767,0.0113,0.0777,—0.0151]T

Hinh 3 bidu dién diu ra cud qua trinh diéu khién tu thich nghi, vai tin hiéu mau
r(k) = 10. Qua trinh diéu khién &n dinh sau 60 budc tu chinh dinh.

03 ' Q2

Q15

10 15 20 25 30 36 41 46 51 56 61 68

-0.05
—q{1 -04 —
0.2 12 —a1
—3 ~043 ——g2
03 -02 :
Hinh 2-a: Qua trinh tir chinh dinh Hinh 2-b: Qua trinh tu chinh dinh

cac théng s 1 cacthong so g
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Abstract

Self-tuning adaptive control for system with unknown order and coeeficient

A self-tuning adaptive control algarithm based on the modified variational method

and the choosing an appropriale regulator is proposed for system with unknown order
and coeeficient.



