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TOM TAT

Bai bdo phdn tich va tong hop mét ludt diéu khién thong minh dya trén ky thudt diéu khién
phi mé hinh hudng dir liéu, vmg dung cho mot I6p hé co dién servo. Diéu khién phi mé hinh MFC
(Model-Free Control) sir dung mot mé hinh siéu cuc bg, két hop voi diéu khién PID tao thanh bo
diéu khién thong minh MFC-iPID, dwoc dam bado toan hoc chat phé trén co so on dinh Lyapunov
va nguyén ly tach. Mo phong trong Matlab thé hién truc quan két qua nghién ciru.
Tir khoa: Didu khién phi mé hinh; Huéng dit liéu; Siéu cuc bd; PID; On dinh Lyapunov; Hé co dién servo.

1. PAT VAN PE

Thong thuong, cac luat diéu khién déu lién quan dén mo hinh dong luc hoc ctia hé théng. Tuy
nhién, ciing c6 nhidu hé thong di thuin phuc va hoan toan c6 thé duge diéu khién ma khong can
bat ky mé hinh dong luc hoc nao. Pay chinh 1a tu tudng ciia phuong phap diéu khién phi mo
hinh (Model-Free Control - MFC) da va dang dugc quan tdm nghién ctru gan day. V& ban chét,
diéu khién phi m6 hinh 1a mot k¥ thuat diéu khién huong dir li¢u, st dung dir li€u vao / ra cua
mot qua trinh diéu khién vong kin dé thiét ké bo diéu khién phu hop. Qua trinh téng hop bo didu
khién st dung thuat toan xép X1 tuyén tinh va by wdc luong truc tuyén dé cap nhat tham s6 cho
mot mo hinh siéu cuc bo (ultra-local model) [1-3]. Hién tai, nhitng van d& va thach thac dit ra
dbi voi MFC trong viée xdy dung khung diéu khién hudéng dit lidu di dugc 1am sang t6 khi phan
tich, so sanh diéu khién phi mé hinh MFC véi diéu khién twa mo hinh MBC (Model-Based
Control) [6]. Mot s6 d6i tuong nhu can cau thap, xe tw hanh WMR (Wheel Motor Robot) [3], hé
théng dd xe ty dong ACPS (Automatic Car Parking System) [7], v.v. dd dugc nhiéu hoc gia
nghién ciru tmg dung MFC cho thiy mirc d6 quan tdm ciia van dé nghién ciru.

O nghién ctru [8], thuat toan didu khién MFC trén co so PID di duogc xdy dung cho co hé 10 xo
tich cuc, song chua duoc chimg minh tinh 6n dinh. Trong bai bio niy, nhém tac gia nghién ciru
phat trién, két hop diéu khién MFC véi PID tao thanh bo diéu khién thong minh MFC-iPID, tir do,
dé xuét ung dung cho mot 16p ddi tuong co dién SISO su dung hé truyén dong dién servo déng
bo. Bai béo trinh bay diéu khién phi mé hinh dudi dang hé thong dong bac mot, 1am tién dé cho
luat diéu khién MFC-iPID. Luat diéu khién MFC-iPID dugc dam bdo ton hoc chit ché trén co s&
1y thuyét 6n dinh Lyapunov va nguyén 1y tach [5]. Vi du mé phong hé co dién sir dung dong co
déng bd nam cham vinh ciru [9] dugc thuc thi va thé hién két qua tryc quan trong Matlab.

2. PHAN TiCH VA TONG HQP LUAT PIEU KHIEN MFC-iPID

2.1. M6 hinh siéu cuc bd
Hién nay, MFC va thuat toan cua no c6 thé dugc coi 1a bd di’éu khién thong minh. Trong do,
mot s0 b dieu khién §1:Y dung k¥ thuat MFC thuérr}g duoc thiet ké dua vao bo di€u khién ‘PID. Yé
vi Iy do d6, cac bd diéu khién MFC chtra tham so P, PI, PID con dugc goi 1a cac bd di€u khién
théng minh iP, iPIl, iPID [1, 3].
"MFC su dung m¢t md hinh si€u cuc b dugce biéu dién boi phuong trinh (0) dudi day, thay
theé cho md hinh toan (dya trén cac dinh luat vat 1y) khong biét trude ctia qua trinh.
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y® =F + Au ()
Trong d6: y®: Véc to dau ra ciia qua trinh, 9 1a bac vi phan cia y.
w: Véc to tin hidu didu khién. -
F: Véc to khong thir nguyén, déng vai tro nhiéu dugc cap nhat vao qua trinh.
A: Matran hing s6, A € R™",
Bai bao xem xét hé théng dong bac nhat c6 mo ta dudi dang tong quat (1):

y=F+Au, (1)
VoI y € R™ F€R™; u€R™, A€R™"
2.2. Téng hop luit diéu khién MFC-iPID
Theo [1], m6 hinh siéu cuc bo (1), dai dién cho mot hé thong dong tong quét, & d6 F va A la
cac tham s6 khéng rd (hoac chua biét truéc).
Goi dau ra mong muén cua h¢ (1) 1a y* € R™, sai s6 bam sét cua h¢ thong la:

e=y -y 2
e=y -y =y —F—-Au 3
t
bit: 0= f e(t)dr (4)
0
Gia st matran A kha dao. Tir (1) ¢6 duoc:
u=A4"(y-F) (5)
Thay (2) vao (5):
u=A"(y" —¢—F) (6)
Goi F 12 sai s6 wéc lugng cia F:
F=F-F > F=F-F (7

Vi A va F la cac tham s6 khong biét trudc do d6 tin hiéu diéu khién u trong (6) khong tuong
minh. Gia sir ta da xac dinh dugc A va F twong ung 1a nhitng wéc lugng cia A va F. Khi d6, (6)
dugc viét dudi dang:

w=A"(y -F+F-¢) (8)

Xem xét tin hiéu diéu khién PID vai cau tric néi tiép nhu sau:
t
v = Koo+ Ki [ e @dr+Kae ©)
0

Trong d6: K,, K;, K, 12 cac ma tran duong chéo biéu dién cac tham sé cua PID, K, € R™",
K; € RV" K,; € R™*™,

Y tuong xuat hién o day 1a don cac sai léch wéce lwong F va sai s6 bam e ciia hé thong thanh
mot dai luong twong duong va cé thé duoc kiém soat boi v. Khi do, ta co thé biéu dién v=F—
e, co nghia:

t
Foe=v=loetK [ e@dr+Ke (10)
0

Khi do, két hop (8), (9) va (10), tin hiéu diéu khién u* cua hé théng cé dang:
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w =471 (y - F+v) (11)
2.3. Sy 6n dinh ti¢m can caa h¢ théng véi luat diéu khién MFC-iPID
Theo [3], bo diéu khién PID hoan toan c6 thé két hop véi MFC dé hinh thanh bo diéu khién
thong minh MFC-iPID. Trén co s¢ nhitng phan tich ¢ muc 3.1, dinh ly ve luat dieu khién MFC-
iPID d6i vai mé hinh siéu cuc bo bac nhat dugc phéat biéu nhu sau.

binh ly:

M@ hinh siéu cuc bé y = F + Au véi A kha dao, A va F xdc dinh dwoc, twong vmg la cdc wéc
lieong ciia A va F s& én dinh tiém cdn va c6 sai léch bam e = y* — y — 0 véi ludr diéu khién
théng minh MFC-iPID: -

w =47 (y - F+v), (12)
trong do:
t
v=Kpet+K; f e(n)dr + Kyé (13)
0 r
K, K;, K4 1a cac matrdn duong chéo dai dién cho cac tham so
cia bg diéu khién PID, K,, € R™™, K; € R™™, K, € R™".
Charng minh:
Chon mot ham Lyapunov c6 dang (14):
1 1
V(D) =5eTe+-(e"Kae +0"Kio), (14)
véi o duge dinh nghia theo (4).
L4y vi phan V (t) theo thoi gian:
V(t) =e"e+ (e"Kqé + e"Kio) (15)
Thay (3) vao s hang thir nhat caa (15):
V() =e" (3 — F — Au) + (e7Kqé + e"K;0) (16)
Thay u* tir (12) vao (16):
vy =e{y = F—A[A (7 = E+ )|} + (e"Kué + e"Kio) (17)

Theo nguyén ly tach [5], néu F va A duoc xac dinh boi bo quan sat (hoic wéce lugng trang
thai) thi danh gia cta nd, F va A, hoan toan c6 thé thay thé cho F va A.
Thay F va A tuong ang cho F va A trong cong thire (17), c6 duoc:
V() =e |y —E—Ad (3 = F+ )|+ (eTKee + e7Ki0)
=—e"v+ (e"Kyé + e"K;0)
Thay v vao (18):

(18)

t
V(t) = —eT [Kpg + K; f e(t)dr + Kdg'] + (eTKyé + eTK;0) (19)
0

=—e"Kye <0
Nhu vy, V(£) > 0 va V(t) < 0. Nguyén Iy on dinh Lyapunov cho phép ta két luan h¢ thong
(1) 6n dinh tiém can, cd sai Iéch bam e — 0.
Ta c6 diéu phai ching minh. m
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So d6 céu tric thuat toan diéu khién MFC-iPID dugc thé hién trén hinh 1.

] [

A

Hinh 1. So d6 thudt todn diéu khién MFC-iPID.
Nhdn xét 1: V& cac bién thé cua iPID
Doi voi cac bién thé iP, iPI ta c6 cac bd diéu khién phi mo hinh twong ing nhu sau:
- B didu khién MFC-iP: u* = A~ (y* = F + Kye)
- B didu khién MFC-iPI: u* = A~ [y* — F + Kye + K; f, e ()dr]

T<BE =

Nhdn xét 2: V& bd diéu khién u* tuong minh.

- Dé ¢6 bo diéu khién u* twong minh thi A va F can phai dugc quan sét truc tuyén va dam bao
tinh lién tuc. Van dé quan sét Aﬂvé F can duoc tiép tuc thyuc hién trong nhiing nghién cau tiép
theo. Xét truong hop A khong doi, khi do tir mé hinh siéu cuc bo bac nhat nhan dugc F = y —
Au. Biéu din toan hoc nay cho thy khi c6 tin hi¢u didu khién tac dong dbi twong, dir liéu dau ra
do dugc y (¢ ddy 1a dao ham cua y) s& phan &nh F.

- Tinh chinh xac va bén vimng cta phép tinh vi phan d(r)i’ v6i dau ra thyc va dau ra mong mudn
y*cling can phai dugc dam bao, tranh bi anh huong do mat mat (thi€u hut) hoac sai 1éch dir liéu
do dugc. Mot trong nhitng phuong phap dam bao tinh chinh x4c va bén viing trong phép tinh y*
duoc trinh bay trong B6 dé sau [3]. -

Bo dé:
B¢ diéu khién MFC-iPID si dung vi phan tin hiéu dat cia quda trinh dwoc tinh todan nhu sau:
y'o=u =, p eer " (20)
Voi:

T = [
Wi = —kq “”i —yi| x sgn(m; —yi) + 7 (21)
T = —ky X sgn(m; — y;)

Nhin xét:

Theo Bé d¢, két qua ctia phép tinh y* tao ra mot véc to u co cac phan tir thoa man hé dong
hoc (21), & d6, p; duoc tinh toan gian tiép thong qua cac bién trang thai m; va 7;, dugc dam bao
tinh hoi tu nho kha néng quan sat trugt sit dung ham sgn(*).

3. MO PHONG VA THAO LUAN

Xem xét hé thong didu khién servo c6 mé ta (22) dudi tac dong cia nhiéu (23) [5]. Trong vi
du m6 phong nay, mo hinh (22) chi tham gia vao qua trinh thu thap dir liéu ma khong tham gia
vao qua trinh thiét ké luat diéu khién. C6 nghia luat diéu khién MFC-iPID dugc thue hién theo
thuét toan (12), (13), huéng dir li€u thu thap dugc nho mo hinh (22). Trong thuc té, dit liéu dugc
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thu thap tir cac cam bién phu hop.

6(t) = —250(t) + 133u,(t) + M, (t) (22)
M, (t) = 50 x (- 157 20 x (- 3)° (23)
A TS P72 %012
Trong d6:
M, (t): Nhiéu tac dong 1én h¢ thong,
o(t): Goc quay thuc cia tai quy ve dau tryc dong co.
0,4(t): Goc quay mong muon cua tai quy ve dau truc dong co.
u,(t): Tin hiéu diéu khién mo6 men quy vé truc dong co.
bat: y* () = 64(0); y(t) = 6(0).
Sai 1éch bam goc:
e() =y"(t) —y(®) (24)
Gia thiét vi tri goc va tdc d6 goc ban dau:
y*(0) = 0,25 (rad); y*(0) = 0,25 (rad/s) (25)

M6 phong thuc hién trong thoi gian t = 20s, budc tinh T = 0,01s (twong duong N = 2000
diém dir liéu) voi y*(t) c6 dang ham diéu hoa (26) va dang ham budc nhay (27).

y*(t) = sin(t) (rad) (26)
0:t € [0; 2]
,25: ,01;

yO=1 oeieioon 1 @

0:t € [17,01; 20]
Lua chon cac tham sd luat diéu khién nhu trong bang 1.

Bing 1. Tham s6 cua ludt diéu khién.

A K, K; K,

0,0025 —-0,85 0,1 -0,1
Mot s6 tiéu chudn tich phan dugc st dung dé danh gia cht lugng: IE, ISE, ITAE, ITSE.
- Tiéu chuan tich phan binh phwong sai léch (ISE):
+00
ISE = [ e?(t)dt = X}, e} (28)
- Tiéu chuan tich phan cua thoi gian nhan véi gia tri tuyét ddi cua sai léch (ITAE):
ITAE = [ t x |e(t)|dt ~ T XL, (iT x |e;]) (29)
- Tiéu chuén tich phén cta thoi gian nhan vé6i binh phuong sai 1éch (ITSE):
ITSE = [ t x e?(t)dt = TIN,(iT x e?) (30)

Céc két qua mo phong duogc thé hién trén hinh 2 va hinh 3. Cac chi tiéu chat luong tich phan
dugc theé hién trong bang 2.

Nhin xét:

M6 phong thuc hién véi tham sé phi mé hinh A = const va cac tham sb diéu khién PID theo
bang 1. Két qua moé phong trén hinh 2 va hinh 3 cho thay, dau ra thyc té bam sat vai dau ra mong
muon. Chat lugng cua hé thong dugc xem xét thong qua cac chi tiéu chat lugng thé hién trong
bang 2.
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Bing 2. Chdt lwong ciia hé thong theo mét s6 tiéu chudn tich phan.

Pau vao IE ISE ITAE ITSE
step —3,2300 0,4653 1,7395 0,0217
sin —-0,9228 0,4942 1,6446 0,0206
Tin hiéu diéu khién Tin hiéu dat va tin hiéu phan hoi
1
AN ANNA
AR AN
= | ' ity | f
g £ o 1\ I S
e g f Voo \\
= < 05 \ ;f / |
5 VARVER

0 5

10 15 20 0 5 10 15 20
Thoi gian (s)

0.1
0
el T
a

g o =
= e
=
S -02

03 0.

0 5 10 15 20 0 5 10 15 20
Thoi gian (s) Thoi gian (s)

Hinh 2. M6 phéng véi dau ra mong muoén y*(t) dang sin.

Tin hiéu diéu khién Tin hiéu dat va tin hiéu phan hoi
5 02 [_ : iy
= o i yit)
= < o f[ |
: ="
g 0
= s 1 f
S = 01 % f
= | J
02 . LA
0 5 10 15 20 0 5 10 15 20
Thoi gian (s) Thoi gian (s)
0.1 - : 0.3
F_{t)
0 i e 02
= ait) =
=
g -0.1 E o
=
5 02 0 h#
-0.3 . + - 0.1 . L 1
0 5 10 15 20 0 5 10 15 20
Thoi gian (s) Thoi gian (s)

Hinh 3. M6 phéng véi dau ra mong mudn y*(t) dang step.
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Béng 2 cho thiy, chi tiéu tich phan sai léch IE nho hon 0, c6 nghia mién dién tich am da dugc
trir bot di, diéu nay ching to dap tng qua do cua hé théng c6 su dao dong. Tiéu chuan tich phan
sai léch IE biéu thi dién tich cia ham sai léch e(t) tao vai truc thoi gian. Tiéu chuan IE khong
phan anh dung chit lugng cua hé thong, do d6 can sir dung cac tiéu chuan tich phan khac nhu
ISE, ITAE hay ITSE. Tiéu chuan ISE xem nhe nhitng dién tich bé vi binh phuong ciia mét s6
nho hon 1 bé hon gia tri tuyét dbi cua sé dy. Bang 2 ciing cho thdy, ngoai ISE, cac tiéu chuan
ITAE, ITSE xem xét dén trong s6 thoi gian (dir liéu moi s€ co trong s6 16m hon dit liéu cii) trong
qué trinh tinh tich phan d4 phan anh t6t chi tiéu chat lugng ctia hé thong.

Trén hinh 2 va hinh 3, tin hiéu diéu khién u(t) duoc biéu dién dudi dang tin hiéu diéu ché do
rong xung PWM. Thanh phan chwa biét F(t) dugc ude luong theo dir liéu vao ra, c6 dang diéu
tuong dong véi sai léch e(t), dong gop vao viéc hién thuc héa luat diéu khién MFC-iPID.

4. KET LUAN

Bai bao phan tich va tong hop thuat toan diéu khién trén co s mo hinh siéu cuc bg bac nhat,
két hop véi dir liéu vao ra thu duge dé phat trién thuat toan diéu khién théng minh MFC-iPID
lam cho sai léch bam hi tu vé 0. So véi thuat toan PID kinh dién, thut toan MFC-iPID dugc
chtng minh tinh 6n dinh tiém can bai tiéu chuan 6n dinh Lyapunov va nguyén Iy tach. Noi dung
nghién ctru dugc dam bao toan hoc chdt ché va moé phdéng truc quan voi ddi tuong diéu khién
SISO sir dung dong co dong by nam cham vinh ciru. Két qua mo phong cho thay, sai s6 bam ciia
hé théng hi tu vé 0 va hoan toan phu thude vao dir li€u va thuét toan udc lugng tham s6 md hinh
siéu cuc bo. Mic du nhiéu nghién ctru da chi ra tiém ning ung dung luat diéu khién MFC cho
nhiéu ddi tuong cu thé khac nhau, song nhiing van dé vé ude luong tham s6, tinh chinh xac va
tinh lién tuc cta dit liéu van can dugc quan tdm nghién ctru siu hon. Nghién ctru nay ciing chi ra
ré“mg, viéc toi uu héa tham s luat diéu khién hoan toan c6 thé thuc hién dugc thdng qua cuc tiéu
hoéa chi tiéu chat lugng.
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Nghién ctru khoa hoc cong nghé

ABSTRACT
Model-free data-driven control MFC-iPID for a class of electro-mechanic systems

This paper presented the analysis and synthesis of an intelligent controller based on
model-free data-driven control for a class of electro-mechanic systems. Model-free control
(MFC) used an ultra-local model incorporated with PID to develop an intelligent
controller MFC-iPID. The analysis and synthesis of MFC-iPID were ensured
mathematically based on the Lyapunov stability and separation principle. The simulation
research results in Matlab were shown visually.

Keywords: Model-free control; Data-driven; Ultra-local model; PID; Lyapunov stability; Servo electro-mechanic
system.
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