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biéu khién trwo't dwa trén bat dang thirc ma tran tuyén
tinh ap dung cho hé bong va thanh

Phé6 Hoang Linh va Huynh Minh Vi’
Trwong Bai hoc Ky thudt — Céng nghé Can Tho

TOM TAT

Bai bdo trinh bay viéc dp dung bé diéu khién trurot duoc xdy dung dua trén bat ddng thirec ma trdn tuyén
tinh nhdm muc dich diéu khién hé théng bong va thanh truc giita, hé théng nay thuong duoc dung lam déi
twong dé kiém chirng cdc gidi thudt trong ki thudt diéu khién. Diéu khién truot I ky thudt dwoc st dung
phé bién dé diéu khién én dinh cdc hé théng cd tinh phi tuyén va cé tinh khéng 6n dinh cao nhu hé béng va
thanh. Thiét ké b diéu khién dua trén bét déng thirc ma trdn tuyén tinh rdt pht hop dé xi ly cdc yéu té
khéng chdc chdn cta hé théng, so vdi cdc phurong phdp diéu khién phi tuyén khdc thi phuwong phdp thiét ké
nay cd hiéu quéd hon vé mdt tinh todn va thuc hién don gidn hon. Két qué mé phdng diéu khién cho thdy bé
diéu khién dwoc dé xudt cé khd ndng ddp trng nhanh, cédn bang tét, ddp trng cdc chi tiéu chdt lwong diéu

khién. Ngoai ra, b6 diéu khién con durorc kiém chirng khi hé théng cd nhiéu tdc déng.

Tirkhéa: diéu khién truot, bat déng thirc, ma trdn tuyén tinh, béng va thanh

1.GIO1 THIEU

Hé théng bdng va thanh mot hé théng cé tinh phi
tuyé&n cao va khdng 6n dinh [1, 2], hé nay dwoc st
dung phd bién trong k§ thuat diéu khién dé kiém
nghiém cac giai thuat diéu khién khac nhau, hé cé
ciu tao vat ly kha don gian nhung twong déi phirc
tap vé mat déng lwc hoc. N6 cé d6 bat n dinh cao
va |a co s& dé tao ra cac hé thong tw can bang nhu:
hé thdng phdng tén Itra, can bing may bay theo
phuong ngang, xe ty hanh..[3]. B6 diéu khién c6
nhiém vu kiém sodt géc nghiéng cta thanh dé giir
qua bdng can bing tai vi tri mong mudn. Tuy nhién,
dudi tac déng cua trong luc, vdi mot goc nghiéng
nho cta thanh, qua bdng sé 1an nhanh nén rat khé
gitr dungtaivitrican bang[4].

Diéu khién 6n dinh hé béng va thanh d3 thu hat
duoc sy quan tdm cla cac nha khoa hoc trong va
ngoai nwdc. Nghién ctru cla Tran Nguyén Ding
Khoa va cong su [5] d3 dp dung thuit todn diéu
khién LQR (Linear Quadratic Regulator) cho hé
béng va thanh truc gilra, két qua dwoc kiém chirng
bang mé phdng v&i v&i cdc ma trdn Q va R khac
nhau, két qua cho thay diéu khién LQR c6 kha nang
diéu khién 6n dinh hé bong va thanh truc gitra. Két
hop gilta bd diéu khién PID (Proportional Integral
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Derivative) va diéu khién m& dé diéu khién 6n dinh
hé béng va thanh da duwoc Nguyén Tién Diém va
Dang Xuan Kién trong nghién cru[6] va két qua cho
thay bd diéu khién duoc dé xuat c6 kha ning diéu
khién tot hon so v&i bd diéu khién PID kinh dién.
T6i wu hda diéu khién LQR bang giai thuat di truyén
ap dung diéu khién hé bong va thanh d3 duoc thuc
hién trong nghién ctru[7] cla Gutierrez va cong su.
Bén canh do6, nghién cru cia nhém tac gia Albagul
va cong sy da diéu khién 6n dinh hé béong va thanh
bang bd didu khién PID, v&i cac thdng s6 cta bo
diéu khién duwoc xac dinh dya trén giadi thuat bay
dan (PSO - Particle Swarm Optimization) [8] va viéc
xac dinh thong s6 cda bd diéu khién PID duya trén
giai thuat di truyén (GA - Genetic Algorithm) ciing
duoc thuc hién trong [9], cac két qua md phong
cho thdy phuong phép t8i wu bd diéu khién PID
dwa trén gidi thuat bay dan va giai thuat di truyén
c6 cac tiéu chi chat lwvong diéu khién nhw d6 vot 16,
thoi gian tang va thoi gian tang t6t hon so véi
phuong phap thirvasai.

Dva trén nhirng két qua nghién ctru trén, bai bao
nay dé xuat mét phuong phap xay dung bd diéu
khién truot duya trén bat dang thirc ma tran tuyén
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tinh (SMC-LMI) va ddnh gid chat lvgng diéu khién
dugc thue hién trén mé phong diéu khién hé bong
va thanh khi cé nhiéu tac dong.

Bai bao dugrc t6 chirc gdbm bén phan: Gidi thiéu la
phan 1, mé hinh todn déi twong diéu khién duwoc
trinh bay & phan 2, phan 3 trinh bay phuong phap
thiét ké bd diéu khién duoc dé xuat va két luan 1a
ndidung ctaphan4.

2. MO HINH TOAN HOCHE BONG VA THANH
Khao sat hé bdéng va thanh truc gitta, duoc trinh
bay nhu Hinh 1.

Hinh 1. C4u tric hé béng va thanh [10]

Bang 1. Théng s& mé phong hé béng va thanh

Duwa trén phan tich Lagrange, phuong trinh dong
Iwc hoc ctia hé béng va thanh truc gitra duoc thiét
[ap nhw (1)[11].

(m+i2jjc'+mgsin0—m€2xzo
R (1)

(JB +mx2)9.+ 2mxx6 + mgx cos 0 = u

Muc tiéu chinh 13 kiém soét vj tri cda qua béng (x)
va goc cla thanh (0) dén cac gia tri mong mudn,
duditac dong ciia moment xoan (u). Gid st¥rang hé
khong xuat hién ma sat, khoi lwvgng cta qua bong
va khéi lwgng cla thanh déu phan bd déu. Vi tri
bdng (x) dwoc do tir tdm cla thanh va gid trinay |a
duong néu qua bong & phia bén phai cha tdm. Néu
thanh quay nguoc chiéu kim déng hé so vdi
phuong ngang thi géc (0) la duong. Tuwong tu,
moment xodn ngugc chiéu kim déng ho tac dung
[éntdm cha thanh duoccoila duwong.

Ki hiéu Y nghia Gia tri Pon vi
m Khéi lwgng qua bong 0.1 kg
R Ban kinh cla qua bdéng 0.015 m
J Moment quan tinh cda béng 10° kg.m?
J, Moment quan tinh thanh 0.05 kg.m?
g Gia téc trong trwong 9.81 m/s?
u Moment xoan tac dong vao tam thanh - kg.m?/s?
X Vi tri ca béng - m
% GOoc clia thanh so v@i phuong ngang - rad
D&t bién trang thai: 0
X=X, X, =X, x;,=60 va x,=60 0
Phuong trinh (1) cé thé biéu dién dudi dang =] o
phuongtrinhtrang thdinhu (2). 6f(é)
x=Ax+Bu (2) £
Trong dé:
x=[x % 0 6I" Bang cach thay diém can bing tai x = 0 va cac thong
[0 1 0 0 | s6 nhwBang 1, ta dwoccdcmatran:
af (%) of(x) 9f(x) 9f(x)
. axl axZ a.X3 0x4 0 1 0 0 0
A=1"9 0 0 1 a=| 0 0 787 g !
af(6) of(@) af(6) of(o
f(8) 09f(6) of(8) 09f(6) 1962 0 0 O 20
| axl axz 5x3 ax4 ]
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3. PIEU KHIEN TRU'OT DU'A TREN BAT DANG THU'C
MATRAN TUYEN TiNH
3.1. Thiét ké bo diéu khién
Trong phan nay, bd diéu khién truot dya trén bat
dang thirc ma tran tuyén tinh [12]{13] s& duoc
thiét k& dé diéu khién 8n dinh vitri qua bong quanh
vitricanbang.
Phuong trinh(2) khi cé nhiéu dwoc viét lai nhu (3).
%= Ax + B(u + f () (3)

VGi|f ()] < &, 8¢ lahdngs6duong.
Chon mat trwot nhu cong thirc (4).

s=B"Px (4)

v&i Plamatranxac dinh dwong co kich thuwdc4x4,
Luat diéu khién duoc thiét k& nhu (5).

u(t)=u,, +u, (5)
trong dé:
u, =—(B"PB) " B PAx(1)
u, =—(B"PB) (|B"PB|5, +2, )sen(s), &>0

Ham Lyapunov duoc chon nhu sau (6).

2
§ = B"Px(t) = B" P(Ax(t)+ B(u + f (1))

= B" PAx(t)+ B PBu+ B' PBf (1)

= B" PAx(¢) +BTPB(—(BTPB)1 BT PAx(¢)
_(BTPB)’I(‘ BTPB‘ O, +&, ) sgn(s) )+ B'PBf (t)
= —(\BTPB\ 5, +é, ) sgn(s)+ B' PBY (¢)

Vi vay, ta co:
V=si=—(|B"PB|S, +2,)|s|+B"PBf (1)<, 5| (7)

DPE xac dinh ma tran P, bd diéu khién duorc thiét
k& nhu (8).
u(t) =—Kx+w(t) (8)

véi W) =Kx+u, +u,.

Ton tai ma tran K sao cho A = A— BK 8n dinh,
dan dén biéu thirc (9).

X(t)= Ax(0)+ B(v+ £ (1)) (9)
vOi K la ma tran co kich thudc 1 x 4.
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Ham Lyapunov theo cong thirc (10).
V=x"Px (10)

Vi vay, ta co:
V =2x"Ps=2x"P(Ax(t) + B0+ £ (1)) )
=2x" PAx(t)+ 2x" PB(v + f (1))
Khi t>1,,tontai s =B Px(t)=0
hodc s” =x"PB=0, ta cé duwoc(12).
V=2x"PAx=x"(PA+A"P)x=2x"Mx (12)
péthéamin V <0,M <0, tacé (13).
PA+A"P<0 (13)
Vi 4 1a Hurwitz nén P4 + A" P < 0 s& dam bao
thdéa man [12].
Nhan P~ véi bat dang thirc (13) ta cé dwoc (14).
AP +P'4" <0 (14)
Cho X =P, tacéduoc (15) va (16).
AX+XA" <0 (15)
(A-BK)X +X(A-BK)" <0 (16)
Véi L =KX ,tacod (17).
AX —-BL+XA" -I'B" <0 (17)

Trong bat dang thirc ma tran tuyén tinh, dé dam
bdo Pla ma tran d6i xirng, ta thiét ké:

P=P" hoic X=X" (18)

So d6 cau truc bd diéu khién SMC-LMI cho hé
bdong va thanh truc gitta dugc trinh bay nhw
Hinh 2. Trong d6, nhiém vu chinh cla bd diéu
khién dwoc dé xuat 1a cung cap tin hiéu diéu
khién u dugc tinh todn dya trén céng thire(5) va
xlatin hiéu héitiép cac bién trang thai.

Hinh 2. So d6 diéu khién
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DE& thay rd kha nang diéu khién cta bd diéu khién
duwoc dé xuadt, nhdm tac gid tién hanh moé phéng
diéu khién 8nvjtriqua béng quanh vitrican bang
V@i cac thdng s6 vat ly nhu Bang 1 va diéu kién
ban dau cho cac bién trang thai duoc chon lax =
[0.100.10].

Luat diéu khién dugc thiét k& nhu cdng thirc(5),
choncacgiatri 0, =0.1 va & =0.5.

Dua trén cong thirc (17) va (18) ta xac dinh duoc

matran P:
0.0047 0.0026 —0.0085 —0.0015
0.0026  0.0058 -0.0095 -0.0028
P=1_0.0085 —0.0095 0.0472 0.0074
-0.0015 -0.0028 0.0074  0.0033

Hiéu qua cha bd diéu khién duoc thé hién nhu
Hinh 3 va Hinh 4, trong dé vi tri qua bong tir vi tri
ban dau x = 0.1(m) d3 tién vé 0 trong thoi gian
khoang 7 gidy va bién d6 dao dong I&n nhat cla
thanhsovdiphuongngangla-0.07(rad).

Hinh 3. Dap &ng vi tri qua béng

Hinh 4. Dap &ng gbc léch cua thanh
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Tin hiéu diéu khién cla bd diéu khién SMC-LMI théng can cung cap mdt moment xodn I&n nhat
duwoc thé hién nhuwHinh 5, két qua cho thdy dé  tdc dong |én tdm cua thanh khoang 0.09
duwa duoc qua bong vé vj tri can bang thi hé  (kg.m’/s’).

Hinh 5. Tin hiéu diéu khién

Két qua Hinh 6 cho thdy mat truot cda bd diéu xuat hién twong dao déng vdi tan sé cao quanh
khién duwoc dé xuat d3 dan hoi tu vé 0 va khong mat trwot.

Hinh 6. Mat truot
Dé thay duwoc wu diém cla bo diéu khién dwoc dé ddi twong bong va thanh truc gitra, két qua dap
xuat, nhdm tac gia tién hanh so sdnh bé diéu khién ng vi tri qua bong va goc léch cla thanh duoc

duogc dé xuat vdi bd diéu khién LQR ap dung cho  trinh bay nhu Hinh 7 va Hinh 8, cho thay th&i gian
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dé qud bdng tir vi tri ban dau tién vé 0 khi diéu  &ndinh. Tuy nhién, bién d6 dao déng ctia qua bdng
khi€én SMC-LMI Ia khoang 7 gidy, trong khi d6 bd va gdc léch clia thanh cao hon khi diéu khién SMC-
diéu khién LQR can téi khoang 11 gidy dé quabéng LMl so vdidiéu khién LQR.

Hinh 7. Dap &ng vi tri qua bdng khi diéu khién LQR va SMC-LMI

Hinh 8. Dép tng gdc léch cda thanh khi diéu khién LQR va SMC-LMI

DE kiém tra sy 6n dinh va bén vitng clia bo dieu  diéu khién van cé kha nang dua vj tri qua bong va
khién dwéditac dong clia nhidu, nhémtacgiadagia  gocléch cla thanh vé gan vi tri can bang. Vi tri qua
sir hé thdng chiju tac dong bai nhidu f = 0.1sin(t). béng dao déng quanh vi tri can bang véi bién do
Két qua mé phong dugc md ta trén Hinh 9 vaHinh khoang 0.003(m) va géc léch clia thanh dao dong
10 cho thay méc du cé nhiéu tac dong nhung bd v&ibién d6 khoang 0.02(rad) khi cé nhiéu tac dong.
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Hinh 9. Dap &ng vi tri qua béng khi cé nhiéu

Hinh 10. Dap tng géc léch cla thanh khi cé nhiéu

4.KETLUAN

Trong nghién ctru nay, nhom tac gia da dé xuat mot
giai phap 1a s&r dung b diéu khién trwot dua trén
bat dang thirc ma tran tuyén tinh dé diéu khién &n
dinh hé bong va thanh, cu thé 1a diéu khién 6n dinh
qua béng quanh vj trican bang.

Cac két qua md phdng da cho thay hiéu qua cta bd
diéu khién khi vi tri cGa qua bdéng va géc léch cla

thanh dan &n dinh quanh vi tri can bang sau thoi
gian khoang 7 gidy. Bén canh d6, hiéu qua cta bd
diéu khién dugc dé xuat con dwoc kiém chirng khi
hé théng bi nhiéu tdc dong. Ngoai ra, nhitng két
qua md phong dat dugc trong nghién clru nay con
|a co s& dé phat trién bd diéu khién SMC-LMI cho
cac mo hinh phirc tap nhu robot ba banh da
huwéng, robot delta, hé cau truc trong tuong lai.
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Sliding mode control based on linear matrix inequalities
application for beam and ball system

ABSTRACT

Pho Hoang Linh and Huynh Minh Vu

This paper presents the application of a sliding controller built based on linear matrix inequality for the
purpose of controlling the ball and beam system with middle axis, this system is often used as an object
to verify algorithms in control engineering. Sliding mode control is a commonly used technique for
stable control of highly unstable and nonlinear systems such as ball and beam systems. Controller
design based on linear matrix inequality is very suitable for handling uncertain elements of the system,
comparedtoothernonlinear control methods, this design method is more computationally efficient and
simplertoimplement. The simulation results show that the proposed controller has fast response, good
balance, and meets control quality criteria. In addition, the controller is also verified when the system is
affected by noise.

Keywords: sliding mode control, inequalities, linear matrix, ball and beam
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