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TOM TAT

Bai bdo gidi thiéu mét phwong phdp két hop giita diéu khién LOR va diéu khién hoi tiép
tuyén tinh héa. Tir 36, bé diéu khién méi ¢é nhitng wu diém cia cd diéu khién tuyén LOR (dp
dung dwoc cho hé Single Input-Multi Output) va diéu khién tuyén tinh héa hoi tiép (khodng
lam viéc réng). Két qua ddp vmg ciia hé thong véi bo diéu khién mdi sé dwoc so sanh véi bé
diéu khién LOR. Poi twong mé phong dwoc sir dung ¢ ddy la hé xe con ldc nguoc.

ABSTRACT

This paper presents a method associating LOR control and feedback linearization control.
For this reason, new controller gets advantage of LOR control (available for Single Input-
Multi Output) and feedback linearization control (wide-working range). Output responses
between combined-controller and LOR control will be compared. Simulated object used is

Cart-Pole System.

I. PAT VAN PE

Ly thuyét diéu khién LQR va ly thuyét diéu
khién tuyén tinh hoa hoi tiép di duoc trinh
bay trong [3] va [4]. Bai bao chi ra mot cach
dit bién dé hé SIMO tro vé hé SISO. Sau khi
ap dung luat diéu khién tuyén tinh hoéa hoi
tiép, tiép tuc dung diéu khién LQR dé dam
bao hé on dinh.

Bo diéu khién 1am h¢ thong hoat dong 6n
dinh, ngay ca khi xa diém lam viéc tinh.
Diéu nay dugc kiém chung thong qua cic
két qua md phong hé Cart-Pole v&i Matlab/
Simulink.

II. MO TA TOAN HQC HE THONG

chiéu duong

chidu
dail

Hinh 1. M6 hinh Cart-Pole.

Theo [1], hé Cart-Pole c6 phuong trinh toan
hoc:

x=f(x)+g(x)u (1)

Trong do:

JACI)

X2
—a5 sinx; cos x5 — kyXy + ayxf sinxg

a; — ay cos? x
X4
. A7X2
cos? x5 + aé] sinx; +

as
x 2 2
ay — A, COS% X3 a; — a, Cos? x

0
1 0
_|a; —aycos?x;5| _ |92
g(x) = 0 =10
Qg COS X3 Ja

a, — @, C0S? Xg

Voi:
a=M+m+k;
m?C?
O =
2 h,
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_ m2gCt ¢ = h(x) =&
=T & = Lh(x) + Lyh(x).u = & o
a, = mgl , &3 = Lh(x) + LI L h(x).u =&,
a = m°Cy g ¢4 = Lih(x) + LLyh(x).u
e ————
hf% Chonngd y=h(x) =0 Xx;+0, X
mzClg In (1+sinx3)
Ag = T cosx; /ra theo tai liéu tham khao [2].
mC11 kz Luc nay, (2) trd thanh:
Oy = ——— :
7 h, $1 =42
Ao = M 52 = ’53
8 = .
h, &3 =&+ LIh(x).u

R : Dién tré dong co (ohm)
L :Hé sb dién khang (H)

>~

S

: Hang s phan dién (V/(rad/sec))
: Hang s6 momen (Nm/A)

~

~

: Momen quan tinh cua rotor (kgm?)

: Momen ma sat (Nm)

O 3 o~

: Hé s6 ma sat nhdt (Nm/(rad/sec))
7,: Momen xodn can (Nm)

@ : Van toc motor (rad/s)

7,,: MO men xo0an ndi (Nm)

0,: Goc
(rad)

m: Khoi lugng con lac ngugc (kg)

xoay tryc  dong co

J,: Momen quén tinh thanh con lic (kgm?)

C,: Do dai thanh con lac

III. BQ PIEU KHIEN TUYEN TiNH
HOA HOI TIEP

5:1 =)y

Pt {27V > (1) trothanh
$3=9
b=y

& = LEh(X) + LILgh(x).u  (3)

Xap xi: sz,h(x).u =~ 0

Ta dugc (3) tré thanh
51 =¢3
éz = &3
53 =¢&,4

f'q, — L}-}h(x) =+ L?Lgh(x) u 4)
Theo [3], ludt diéu khién tuyén tinh hoa hoi
tiép cta h¢ (4) la:

u = (Lng(,p_l)h(x))_l[v - L}p_l)h(x)]

()
Vi v=y® =§,
Trong do: v = —Ke(t) = —Ki§y — Kz¢z —
K3és — Kyé,y (6)

\{(’)‘i K; K,; K,; K, tinh dugc tir phuong phap
toi uu LQR.

Tt (4), ma tran trang thai lan luot 1a:

010 0 0
o o 1 o] o _|0
A=10 0 0 180
00 0 0 1

Chon ma tran trong lugng Q va R dé xac
dinh tuong ung. Thong sé K duogc tinh tir
1énh K = Iqr(A,B,Q,R) trén cong cu Matlab.
Lénh Iqr() giup ta gidi phuong trinh Ricatti
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(von rat phirc tap va kho giai) dé c6 duoc
thong s K tuong Gmg.

Viéc diéu khién LQR va diéu khién dat
cuc la tuong duong nhau: cung tim K
sao cho u = - Kx dam bao 6n dinh cho hé
théng. Viéc chon thong sé K dit cuc phai
dam bao tuyét ddi sao cho phuong trinh
Ks'+K,s’+K,;s+K,=0 théa man
Huwitz tic c6 va chi c6 toan nghiém am.
Do d6, viéc tim kiém K theo LQR trc giai
phuong trinh Ricatti cling s€ dam bao cho hé

Ks* +K,s* + K,;s+ K, =0 c6 toan nghiém
am bén trai mat phang phtc (twvong duong
voi on dinh Huwitz theo phuong phap dat
cuc).

r v B . ,‘ _ X
—r(%)—» u=(L LY h(x) " [v— L h(x)] 9| HE THONG —»
[
€

Hinh 2. Sor do khoi diéu khién tuyén tinh héa
hoi tiép.

IV. KET QUA MO PHONG
Chon thong s6 mé hinh nhu sau:

2=9.81(m/s%)

R, =2.7(Q)

d, =40/25

R =57.2958x10"
K,=K, =53x10"

C, =5x10"*(N.m.s/ rad)
L, =1.4x10"(H)

K, =7.8x107(Nm)

J, =0.049x107" (kg.m>)
M =1.68(kg) m=0.027(kg)
J, =1.1664x107 (kg.m*)
C, =0.36(m)

a,=M+m+k,

22
m-C;

hy

a, =

2 2
a, = m gC
hl
o, =mC,
m'Clg
5~ hf
_mCg
6 hl
mCk,
ok
mC,
oy =
hl

Viéc chon cac thanh ph'?ln trong ma tran R
gia tri cang lon tuong trng véi viéc ta quan
tam viéc dam bao hon viéc 6n dinh dién ap
cap hoat dong cho hé théng. Piéu nay c6
thé 1a hé thong chay ém hon nhung c6 thé
anh hudng tuong Gmg véi viée 6n dinh cac
bién trang thai can 6n dinh ca hé théng. Do
ma tran Q duoc chon khi da dit lai bién méi
(theo [2]) nén viéc chon lira thong s6 ma tran
Q tré nén kho khan hon vi khong con co s&
dé chon lya. Tuy nhién, do tinh chat dam
bao on dinh tir viéc tinh todn phuong trinh
Ricatti, chua dé cap dén chat luong diéu
khién, ta chi can chon cac thanh phan dudng
chéo ctia ma tran Q va R dwong thi thong sb
K s& la phu hop dé hé 6n dinh.

Truong hop 1: Kiém tra khi thay d6i cac
thong sb o,Vao,

Véi @ =

O OO O

O OO =

OO O
=

Vi viéc chon trong ) tuong Ung vi tri xe
uu tién (tr 6,= 2 tdng ¢, = 3 1én thanh ), ta
thay vi tri xe xac 1ap nhanh hon nhung gbc
con lic s& dao dong nhiéu hon).
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i tri xe(m)

thoi gian(s)

Hinh 3. So sanh vi tri xe.

03
= o, =20,=1
=
= = o, =30,=1
s
= 01
8
3 of .
"\
01— : - :
0 1 2 3 4 5

thoi gian(s)

Hinh 4. So sanh géc léch con ldc.

Trudng hop 2: Kiém tra khi thay d6i ma tran
0

0

1 0
01
0 0

O OO -

Vi viéc chon ma tran R 16n s€ 1am h¢ thong
giam di dao dong vé &p cung cap.

40

20

tinhieudieukhien(M)
(]

0.2 04 0.6 0.8 1
thoi gian(s)

Hinh 5. tin hiéu diéu khién khi R=1.

61

30

201
10+

o o e e e e e e e ]
-
-

tinhieudieukhien(M)

0.2 0.4 0.6 0.8 1
thoi gian(s)

Hinh 6. Tin hiéu diéu khién khi R=0.1.

Truong hop 3: So sanh giai thuat diéu khién
LQR va tuyén tinh hoa hoi tiép. Trang thai
ban dau cua hé thong 13: Chon thong sé diéu
khién cho bd diéu khién LQRva bo diéu
khién tuyén tinh héa nhu sau:

Diéu khién tuyén tinh hoa hoi tiép véi: 6 =3
o,=1;R=0.1;

L.

I
ococo o
o oo
ooRr O
OO O

Trudng hop 3.1: Khi hé théng con trong
pham vi lan can quanh di€m lam viéc voi
trang thai ban dau la:

x 0.2(m)
x| _[—0.2(m/s)
0|~ | m/4(rad) )
0 0.3(m)
diéu khién tuyén
= tinh héa
E diéu khién LQR
i .
0 1 2 3 4
thoi gian(s)

Hinh 7. So sanh goc léch teta trong hai truong
hop diéu khién LOR va tuyén tinh héa
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15 10
T 1 diéu khién LQR T o didu khién LQR
:EH 0.5 diéu khién tuyén | Ef |
=0 z 0 S
digu khign tuyén|
05 L 5 ) tinh hoa
1 2 3 4 0 1 2 3 4
thoi gian(s) thoi gian(s)

Hinh 8. So sanh vi tri xe trong hai truong hop
diéu khién LOR va tuyén tinh hoa.

Trudong hop 3.2: Hé thong c6 trang thai ban
dau vuot qua so voi diém lam viéc: x tang
l1én thanh 0.5(m) (so v&1i (7)).

30

207 diéu khidn LOR

thoi gian[s}

Hinh 9. So sanh goc léch teta trong hai truong
hop diéu khién LOR va tuyén tinh héa.

TAI LIEU THAM KHAO

Hinh 10. So sanh vi tri xe trong hai truwong hop
diéu khien LOR va tuyén tinh hoa.

V. KET LUAN

Diéu khién hdi tiép tuyén tinh hoa vao di
thuc hién tot viéc can béng cho hé Cart-Pole.
Véi viéc chon 1 bién ngd ra moi la su két
hop giita 2 bién ngd ra ban dau, ta d3 quy hé
mot vao nhiéu ra thanh hé mot vao mot ra.
Tir d6, 4p dung dugc cac hé didu khién tuyén
tinh nhu LQR, dat cuc... ma gilt nguyén tinh
chat dap tmg phi tuyén cua bo diéu khién. Tt
d6, hé van can bang tot du léch xa diém lam
viéc tinh. Néu mudn dit wu tién cho ngod ra
nao, ta ting trong s twong tng voi bién sb
ngd ra trong viéc dit bién ngd ra méi.
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