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TOM TAT
Mot lop doi twong SISO diwoc tuyén tinh héa dong dudi dang rit gon CFDL nho wdc luong
tham so gia dao ham riéng PPD. Ludt diéu khién thich nghi phi mo hinh MFAC hiéu chinh moi
dugc tong hop cho hé CFDL dya trén i giai cia bai todn t6i vu muc tiéu. Két qud mé phong truc
quan cho thay tinh hiéu qua cua thudt toan hi¢u chinh dé xuat.

Tir khoa: Diéu khién thich nghi phi mé hinh; Gia dao ham riéng; Tuyén tinh héa dang rit gon.

1. PAT VAN PE

Diéu khién thich nghi phi mé hinh (Model-Free Adaptive Control - MFAC) 1a mét k¥ thuat
diéu khién huéng dit liéu, sir dung dir liéu vao ra cta hé théng dé thiét ké bo didu khién. Dbi voi
MFAC, chi ¢6 dif liéu vao ra cia hé thong diéu khién vong kin dugc str dung cho viéc thiét ké bo
diéu khién, khong can biét rd thong tin vé mo hinh di tuong. Vi khong can mé hinh dong luc hoc
hay qua trinh huin luyén nén MFAC la phuong phap diéu khién c6 cdu tric don gian va chi phi
tinh toan thip. Gan déy, kha nhiéu bai toan diéu khién thich nghi cho mot hé théng phi tuyén véi
céc tham sd va cau tric bién d6i theo thoi gian co thé dugc thuc hién bang phuong phap nay [1-
3]. Y tudng xuit phat cia thiét ké MFAC 14 xdy dung mé hinh thuén ty toan hoc dwa trén dit liéu,
con duge goi 14 mé hinh tuyén tinh hoa dong cho hé thng phi tuyén & ting thoi diém 14y mau.
Mo hinh tuyén tinh hoa dong c6 thé chia thanh cac dang rat gon (CFDL-Compact Form Dynamic
Linearization), dang riéng (CPDL-Partial Form Dynamic Linearization) va dang du (FFDL-Full
Form Dynamic Linearization) [3], trong d6, dang rut gon CEDL thudng dugc str dung nhiéu nhét
dé tong hop cac thuat toan MFAC. K¥ thuat diéu khién nay duoc ing dung cho ca hé phi tuyén
[4], hé MIMO [5], hé SISO [6] va hé hon loan [7].

Bai bao nghién ciru phat trién thuat toan MFAC, huéng dén mo phong kiém ching voi dbi mot
hé truyén dong dién bam goc quay dang SISO trén co s dé xudt luat diéu khién CFDL-MFAC
hiéu chinh hém muc tiéu. Theo d6, tham s ¢ cia mé hinh tuyén tinh héa déng van duoc udc
luong truc tuyen bang ly thuyet gid dao ham riéng PPD (Pseudo Partial Derivative) song dugc bd
sung mot sO siéu tham s dé diéu chinh téc do cap nhat va tranh hién tuong suy bién khi thuc hién
phép chia 0. Luat diéu khién duoc «dam bao toan hoc chat ch& dua trén 161 giai cua bai toan t6i wu
cuc tiéu hda ham muc tiéu. Mot s6 két qua mo phong trén Matlab kiém chung cho tinh hiéu qua
cta thuat toan hiéu chinh dé xuét.

2. TUYEN TiNH HOA PONG DANG RUT GON CFDL CHO HE PHI TUYEN SISO
Xét mot 16p hé phi tuyén SISO rdi rac duge mo ta toan hoc tong quat nhu sau [3]:
Yk+1 = f()"k:)’k—p 0 Vk—ny Uk Ug—15 - Uk—n,, (1)
Trong do:
Uk € R, Yy € R 1a dau vao, dau ra cua h¢ thong tai thoi diém thu k. ‘
ny,,n, € N la cac so nguyén duong dai di¢n cho cac bac chua biét ciia dau vao / ra.
f(*¥) € R™*™+2 [a mot ham phi tuyén chua biét.
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k 1a budc roi rac hoa, dai dief;n chg nhip thoi gian - khoang thoi gian tir budc thi k dénk +1
twong duong vai 1 chu ky lay mau.
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Hinh 1. So do diéu khién vong kin hé phi tuyén SISO.

Hiph 1 minh hoa so d6 vong kin h¢ théng di‘éuvkhiép SISO. bbi tuong khong dugc mo hinh
hoa b:Elng dinh luat vat Iy nhur}g dugc mo ta bang biéu diér} toan hoc thuén tay dua trén dit liéu vao
ra. bé dam bao kha nang tuyén tinh héa dong, cac gia thiet sau day can dugc thoa man [3].

Gid thiét 1: Cac dau vao va dau ra cua hé thong (1) ¢6 thé quan sat dugc va diéu khién dugc.

Gid thiét 2: Pao ham riéng cua f () dbi voi diéu khién uy 1a lién tuc hogc tron theo dbi s6.

Gid thiét 3: Hé thong (1) thoa man diéu kién Lipschitz tong quat, co nghia néu Auy, # 0 thi:
|Ayk41| < b|Aug|; b >0 (2)
Trong d6: Ay41 = Vi1 = Vi Ay = Ug — Ug—1q
Khang dinh [3]: Néu mgt hé phi tuyén SISO roi rac (1) théa man cac Gia thiét 1, 2, 3va duy, #
0 thi ton tai gia dao ham riéng ¢y bi chan va hé (1) dwoc mé ta toan hoc béi mé hinh tuyén tinh
hoa dang rut gon (3):

Ayp1 = Prduy 3)
Chang minh: 7 )
Theo gia thiét 3, sai phan (3) c6 thé dugc viét dudi dang:

Vi+1 = Vi + Preduy 4)

Khi d6, sai phan dau ra cia hé thdng nhan duoc:
Aygi1 = f (yk, o Yk—ny Uk ---'uk—nu) —f (}’k» s Yk—ny Uk—1, Uk—1, ---'uk—nu) ©)
+f (}’k' wor Yie=nyr Uk =1 Ui —15 -0 uk—nu)

-f (}’k—p = Vk-ny,—1 Uk—15 - ruk—nu—l)
Theo gia thiét 2 va dinh ly gid tri trung binh Cauchy [8], (4) duoc viét dudi dang (6):
Sf 6
AY41 = S_Auk + Y ©
Trong do la dao ham riéng ciia ham s6 £ () theo bién s6 thur n, + 2 tai mot diém xac dinh

nam glu’a (yk, ey Yk—ny' Uk—1) Uk —1) > uk_nu) (yk' ey yk_ny, U, Up—1) =) uk_nu).
Con Y;, dugc xac dinh nhu sau:
Yk = f(yki ...,yk_ny,uk_l,uk_l,...,uk_nu) (7)
—-f (yk—l: = Vie-ny,—1 Uk—15 -+» uk—nu—l)
Tai mdi thoi diém k xac dinh, tir (7) ta thanh lap dugc phuong trinh (8) véi an sb I}, mang gia

tri vo hudng.
Yk = FkAuk (8)
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Do Auy, # 0 nén phuong trinh (8) c6 nghiém I}, = AYTk' Két hop (6) va (8) nhan duoc:
k

Sf 5f )
A}’k+1 = 6_ukAuk + FkAuk = (6 U + Fk) Auk
Dit bién ¢, nhu (10) thi ¢, ludn ton tai:
Sf (10)
I
b = S, —— +th
Khi @6, ta nhian duoc:
Aypi1 = Prhuy = |AYiiq] = |dpl|Augl (11)

Tir (11) két hop véi (2) (Gia thiét 3) ta co:

|Ayie 41| < blAug| = |y ||Aug| < b|Awy|
Suy ra ¢, < b. Nhu vay, ¢ bi chan.
Dinh ly dugc chitng minh. m
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Hinh 2. Minh hoa gia dao ham riéng PPD cho hé SISO [3].

Hinh 2 minh hoa gia dao ham riéng PPD duoc xéc dinh ¢ 3 diém (ug—2, V1), (Ug—2, Vic— 1)
Va (Ug_2, Yk—1)- Theo d6, hé phi tuyén SISO duoc tuyén tinh hda dang rit gon voi cac do doc

Pre-1 VA Pk
3. TONG HQP LUAT PIEU KHIEN THICH NGHI PHI MO HINH CFDL-MFAC

Dé tong hop duoc luat diéu khiép, thong thuong, mot ham muc tiéu J(*) cia binh phuong sai
Iéch gitra dau ra cua h¢ thong va dau ra cua mo hinh duoc sir dung. Nghién curu [5] da st dung
ham muc tiéu J(uy), tuy nhién, dé thuan tién cho bién d6i toan hoc, bai bao dé xuat va dién giai
ham muc tiéu J(Au; ) dudi dang ham sai phan cua tin hiéu diéu khién Aw,, va sai léch e ;.

J(Buy) = egyq +yAug (12)
Trong d0, €x+1 = Vis1 — Vies1; ¥ 1a mot siéu tham sg, y > 0.
Theo gia thiét 3 ta co:

Yi+1 = Y + drduy (13)
Két hop (12) va (13) nhan dugc:
J(Aw) = Viy1 — Vi — Prdug)? + yAug (14)

Véi y; .4 1a tin hiéu d¢iu ra mong muén.
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Dé t6i thiéu hoa ham muc tidu (13), ta Iy dao ham cua J (Auy) theo Auy,, tir d6 c6 duoc phuong
trinh (15):

0] (Auy) . (15)
I 2k by — 241 — Vi) + 2yduy = 0
Ug

Giai phuong trinh (15) nhan duoc:

Pr $r (16)
Ay, = ¥ ¢2 k41— YK) = U =Ug1+—— 3 ¢2 Vk+1 = Vi)

Nhu vy, tin h|¢u diéu khién u,, tai thoi diém k phu thuoc VAo tong cua tin hiéu diéu khién Up—y
tai thoi giém k-1 ‘va mot luong diéy khiép béﬂ sung phu thugc vép dit liéu do duogc va tham s6
chua bict ¢.. B¢ dieu chinh lugng dicu khién bo sung (lién quan den mirc d6 nhanh cham cua tin
hi¢u diéu khién), ta dua vao (16) mot tham so6 p > 0, dai dién cho c& cua budc tinh uy. Khi do,
cong thirc (16) tré thanh:

PP (7)
Uy = U T 5 T ¢2 Vk+1 — Vi)
Dé cho wuy, twong minh thi tham sé chua biét trudc ¢y, can phai dugc ude luong. Véi ciu tric
twong tu (14), ham muc tiéu /() duoc sir dung dé uéce lugng PPD cho ¢, ¢6 dang (18).
- -~ 2 X 2 2
A J(Px) = (Ve = Yie—1 = Prchrtge—1)” + u(Pi — Pre—1) ’ (18)
Trong do, ¢y, 1a udc lugng cua ¢y & budc the k va u 1a mét siéu tham so, u > 0.
Trong (14), lay dao ham J(¢;) theo ¢, nhan dugc phuong trinh (19):

aJ (¢ - R 19
é(g)k) = 2(Auf_q + 1) Pi — 2001 (Ve — Yi—1) = 2UPr—1 = 0 (49)
k

Tt d6 tinh duoc:

Br= Byt Muge_1 (Ayy — Pre—1Duye_q) (20)
k k-1 L + Au}z{_l
Pé diéu chinh gia s6 wdc lugng tham sb (mirc do nhanh cham cua tham s6), mot tham s6 1 > 0
dai dién cho ¢& caa budc tinh ¢, dugc bd sung vao (20). Khi d6, cong thic (20) tré thanh:
F 2 w1 (Byi — Pre—1 by (21)
bx = P-1 + ( )

p+ Aug_,

Uéc lugng PPD ¢ nhén duoc tir cong thuc truy hoi (21), trong d6, siéu tham sb u ¢6 nhigm
vu tranh suy bien khi mau s6 cua (21) bang 0. Tham so PPD duoc cap nhat & moi thoi diem k st
dung dung dir liéu vao/ra do dugc trong qua trinh hoat dong cua hé thong diéu khién.

Nhdn xét:

- Uéc lugng tham s6 ¢, tai thoi diém k hoan toan xéac dinh dugc do né chi phu thudc vao di
liéu (Ayy), tin hiéu diéu khién (Auy_4) va gia tri caa chinh n6 ¢ thoi diém k — 1 trude do.

- Bang cach két hop mot bo quan sét on dinh vao bo diéu khién on dinh, ta c6 mot hé dong luc
hoc 6n dinh bao gom ca bd quan sat va bo diéu khién, khi do, tin hiéu diéu khién tong hop dugc la:

PPr (22)
U = Ug— + Vi1 — V&)

+ @
4. MO PH(")NG VOI HE PIEU KHIEN SERVO

M6 phong thuc hién véi hé servo (23) dudi tac dong cia nhidu phu thudc thoi gian (24) [9].
6(t) = —250(t) + 133u,(t) + M, (t) (23)

Trong d6:  6(t): Goc quay thyc cua tai quy vé dau truc dong co.
64(t): Goc quay mong mudn cua tai quy vé dau truc dong co.

18 T.N. Binh, V. Q. Huy, “Tuyén tinh héa djng dang riit gon CFDL ... trong hé SISO réi rac.”
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u,(t): Tin hiéu diéu khién mé men quy vé truc dong co.
M, (t): Nhiéu phu thudc thoi gian tac dong 1én hé thong.

M, (t) = 50 x t-15° 20 x =37 24
L(8) =50 xexp | =573 P17 %0,12 (24)
Tién xtr 1y tin hiéu dat (Iam tron) nho b loc (25).
- 25
PF(S) = 0215 +1 (25)

Tham s6 luat diéu khién dugc dé nghi trong bang 1.

Bing 1. Tham s6 ciia ludt diéu khién.

1 u P

|4 $1

0,1 0,1 9999

0,01 2

4.1. M6 phéng véi b diéu khién PID
Thyc hién hi¢u chinh auto-tuning véi b diéu

khién PID trén phdn mém mé phong Simulink

v6i tin hidu dat dang sin(t) va 1(t). Két qua mo phong thé hién trén cac hinh 3 va hinh 4.
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S O
S -005 .
<Q.
= -041 .
3 | | | | | | | | |
“ 4] 0.5 1 1.5 2 25 3 3.5 4 4.5
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Hinh 3. Sai léch bam cua hé thong voi tin hiéu dat 1(1).
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Hinh 4. Sai léch bam ciia hé thong véi tin hiéu dit sin(?).

Két qua md phong cho thay, véi bo diéu khién
do61 16n so véi ti€u chi trong dai +2 mrad. Nhat la

PID théng thuong, sai 1éch cua hé thong tuong
trong khoang thoi gian hé thong chiu tac dong

ctia nhidu M, (t), sai 1éch goc ddi véi tin hiéu sin(t) 1én dén +£20 mrad; sai 1éch ddi véi tin hiéu 1(t)

1én dén +15 mrad.
4.2. M6 phéng véi b didu khién CFDL-MFAC
a) Su dung tin hiéu dau vao 1(t)

1

T

[ 1 1 S R
E ‘ ()
- y(1)
S osf .
S
LS}
Q
B

0 l 1 1 | 1 1 1 1 1
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Thoti gian (s)
Hinh 5. Pdp ing cua hé thang véi tin hiéu 1(t).
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Hinh 5 minh hoa dap &g caa hé théng vai tin hiéu dat 1(t). Buong mau xanh nét lién dai dién
cho tin hiéu dat, duong mau do nét dat dai dién cho tin hiéu phan héi. D6 thi thoi gian cho thay
tin hiéu phan hoi da bam sat tin hiéu dat. Sai léch géc bam giira 2 tin hiéu duoc thé hién trén hinh
6 ciing cho thay sai léch bam goc & 1an can +2 mrad. Sai léch nay hoan toan phu hop véi chi tiéu
bam goc cua cac hé truyén dong bam gdc trong thuc té.

%1073
— 4— T T T T T T T T T
©
©
= 2H
S |
& Of ||
&.
=~ all
I
(4 1 L 1 L 1 1 1 1 1
0 0.5 1 15 2 25 3 35 4 45 5

Thoi gian (s)
Hinh 6. Sai léch goc bam cua hé thong véi tin hidu 1(t).
b) Sit dung tin hiéu dau vdo sin(t)

Tuong ty nhu déi v6i tin higu 1(t). Trén hinh 7, duong mau xanh nét lién dai dién cho tin higu
de}t, duong mau do nét dat dai dién cho tin hiéu phan hoi. Do thi thc‘;i gian cho thay tin hiéu’phén
hoi da bam sat tin hiéu dat. Sai Iéch goc bam gitra 2 tin hiéu dugc thé hién trén hinh 8 cho thay sai
Iéch bam gdc ¢ lan can £2 mrad. Sai léch nay hoan toan phu hop vei tiéu chi sai Iéch bam géc cua
cac hé truyén dong bam trong thuec té.

1 T T T
= y(t)
£ y*(0) 7
)
< _
o
\O
S -05f .
1 I I I I I
0 1 2 3 4 5 6 7
Thoi gian (s)
Hinh 7. Pdp ing cua hé thang véi tin hiéu sin(t).
x1073
4 F T T T T T T

Sai léch goc (rad)

0 1 2 3 4 5 6 7
Thoi gian (s)

Hinh 8. Sai léch goc bam cua hé thong vai tin hiéu sin(t).
Danh gia chét lugng hé thong theo tiéu chuan tich phan trong bang 2. Theo do, h¢ MFAC-
CFDL c6 ITSE va ITAE tuong te nhu hé MFAC-PI-SMC. Diéu d6 ¢6 nghia khi lua chon dugc

20 T.N. Binh, V. Q. Huy, “Tuyén tinh héa djng dang riit gon CFDL ... trong hé SISO réi rac.”
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tham s phu hop, diéu khién phi mé hinh tuyén tinh hda dang rdt gon mang lai chat luong tét hon

diéu khién PID truyén thng.

Bing 2. Chdt lwong ciia hé MEAC-CFDL theo tiéu chudn tich phén.

Pau vao IE ISE ITAE ITSE
step 30,7187 7,2242 0,0779 0,0012
sin -18,2287 3,8923 0,0751 2,9531x10*

Bang 2 cho thay chi tiéu tich phan sai léch IE 16n hon 0 d6i véi dau vao step va nho hon 0 doi
véi dau vao sin, co nghia lugng qua chinh dbi véi dau vao step 1on hon luong qua chinh di véi
dau vao sin. Tiéu chuan tich phan sai lech IE biéu thi dién tich cua ham sai léch e(t) tao véi truc
thoi gian. Theo tiéu chuén IE, dau vao sin day hé thong co cac trang thai hut hon trang thai mong
mudn, con dau vao step ddy hé thong tién dén cac trang thai vuot qua trang thai mong mudn. Tiéu
chuan IE khéng phan anh dung chét luong cta hé thong, do d6 can sir dung cac tiéu chuan tich
phan khac nhu ISE, ITAE hay ITSE. Tiéu chuén ISE xem nhe nhitng dién tich bé vi binh phuong
ctia mot s6 nho hon 1 bé hon gia tri tuyét ddi ctia s6 dy. Bang 2 ciing cho thiy, ngoai ISE, cac tiéu
chuan ITAE, ITSE xem xét dén trong s6 thoi gian (dir liéu méi sé c6 trong s 16n hon dir liéu cii)
trong qua trinh tinh tich phan di phan 4nh t6t hon chi tiéu chat luong ctia hé thdng.

5. KET LUAN

Céu triic don gian cia MFAC va md hinh dit liéu tuyén tinh hoa dong mang lai giai phap diéu
khién thich nghi d6i v6i nhidu hé thong phirc tap. Bai bao tong hop luat diéu khién thich nghi phi
md hinh CFDL- MFAC hiéu chinh trén co s¢ udc lugng tham s6 gia dao ham riéng PPD cho mt
16p doi _tuong phi tuyén SISO roi rac, dai dién cho hé diéu khién tmyen dong dién bam goc. Tin
hiéu diéu khién va luong gia dao ham riéng duoc bd sung mot s siéu tham sé nham diéu chinh
tbc do cap nhat va tranh suy bién. Két qua mé phong cho thay luat didu khién dap tmg duoc chi
tiéu bam goc cua cac h¢ truyén dong bam géc trong thuc té. Chi can c6 dit liéu, cac hé thong co
tinh phi tuyen manh, pha khong cuc tiéu hay c6 tré thay d01 theo thoi gian déu trd nén rd rang véi
cac biéu dién toan hoc twong minh. Trong nghién ctru tiép theo, nhom tac gia ung dung CFDL-
MFAC cho mét hé théng diéu khién quang anh c6 tré do ludng, bd sung mé phong truc quan lam
co s0 so sanh, danh gia thuat toan sau hon.
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ABSTRACT

Compact form dynamic linearization CFDL
and model-free adaptive control MFAC in discrete SISO system

A class of SISO objects was dynamically linearized in compact form CFDL (Compact
Form Dynamic Linearization) based on the pseudo partial derivative PPD. A newly
modified model-free adaptive controller MFAC was synthesized for CFDL system via the
solution of the object optimal problem. Simulation results showed the productiveness of the
proposed modified algorithm.

Keywords: Model-free adaptive control; Pseudo partial derivative; Compact form dynamic linearization.
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