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TOM TAT

Hé con ldc nguege quay la mét doi twong diéu khién phi tuyén thiong dwoc sir dung trong
cdc phong thi nghiém diéu khién tw déng. Nhiéu gidi thudt dwoc thir nghiém trén doi twong nay.
Tuy nhién, gidi thudt diéu khién phi tuyén da chitng t6 dieoe mét s6 wu diém ciia minh so véi
mét s6 logi diéu khién khdc. Trong khudn khé bai bao nay, nhém tdc gia trinh bay mét gidi thudt
diéu khién triegt - mot trong nhitng gidi thudt diéu khién phi tuyén cho hé con ldc ngweoe quay.
Gidi thudt trén da diéu khién on dinh vi tri canh tay va goc con ldc doi véi hé thé'ng trén mo
phong. Bai bdo ciing cho thdy gidi thudt diéu khién ciing cho két qua tot trén mé hinh thuec té.

Tir khéa: Con ldc nguoc quay, diéu khién trueot, diéu khién phi tuyén, Matlab, Simulink.

ABSTRACT

Rotary Inverted Pendulum is a nonlinear model that is popularly used in automatic con-
trol laboratories. A lot of algorithms have been developed for this model. In this paper, the au-
thors represent a method of sliding mode control - one of nonlinear algorithms — for the rotary
inverted pendulum. The algorithm stabilizes well the arm position and pendulum angle of the
model on simulation. This research also shows that control algorithm has good results in real

system.
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1. PAT VANDE

Con lic nguogc quay 1a mot mo hinh
thong dung duoc st dung nhiéu trong cac mod
hinh diéu khién ty dong. Cac giai thuat diéu
khién hé con lic nguoc quay di duoc trinh
bay tom tat trong [1]. Trong do, cac giai thuat
diéu khlen tuyén tinh nhu vi tich phan ti 1e
(PID), t6i vu (LQR) da chung t6 hiéu qua tot
minh nhung nhiing két qua trén chi on dinh
quanh vi tri lam viéc 6n dinh [2], [3]. bé khac
phuc diéu nay, giai thuat diéu khién phi tuyén
dugc dé nghi trong bai bao ndy. Vi giai thuat
diéu khién phi tuyén, ta can biét 16 phuong
trinh toan hoc hé thdng ciling nhu cac théng sb
hé théng. Tuy nhién, tin hi¢u diéu khién duogc
thiét ké boi quy luat trén duoc dam bao boi
toan hoc va c6 6n dinh cao, khoang diéu khién
rong. Theo [4], giai thuat didu khién truot
dugc thiét ké phu hop cho hé ¢6 sé dau vao

bang véi sd dau ra. Tuy nhién, viéc thiét ké
cho hé théng c¢6 sé dau vao bing hodc nhiéu
hon s6 dau ra-nhu hé con lic ngugc quay- bi
b6 ngd. Trong khudn kho bai bao nay, nhém
tac gia trinh bay mot giai thuat diéu khién
truot ap dung dugce cho h¢ SIMO nhu h¢ con
lic. Cac két qua mo phong va thuc té chimg
td giai thuat duoc g dung thanh cong trén
ca 1y thuyét va thuc nghiém. Bai bao duoc
chia thanh cdc muc tiép theo nhu sau: Muyc
IT trinh bay phuong trinh toan hoc ctia hé con
lac nguoc quay. Muc I1I trinh bay 1y thuyét vé
giai thuat truot dugc ap dung. Muc IV chi o
cac két qua mo phong va Muc V cho thiy cac
két qua thuc nghiém ddi v6i mo hinh thuc té.
Muc V téng két va dua ra két luan vé cac két
qua nghién ctru.
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2. MO HINH TOAN HQC

Hé con lic ngugc quay c6 mot két ciu
co khi don gian bao gém mot dong co co truc
quay duoc gan vudng goc voi mot thanh 1a
canh tay. Vuong goc vdi canh tay 1a mot thanh
dugc gan ¢ dinh mot dau. Thanh vudng goc
do duoc goi 1a con lac nguoc va c6 kha nang
quay tu do trong mit phang vudng goc canh
tay. Cac thanh canh tay va thanh con lic duoc
gin véi cac tryc _encoder dé do goc quay.
Nhiém vu cua diéu khién 1a 6n dinh thanh
canh tay tai vi tri dat trudc va diéu khién sao
cho goc con ldc tai vi tri thang ding.

Pendulum

Rotating Arm

Hinh 1. Hé thong con ldc nhin tir phia trén

-

Hinh 2. Mdt chiéu hoat dong cua con lac
Theo [5], néu ta dat:
T
X = [x1 X, X x4]

[0 6 a a‘c}T (1)

25

Phuong trinh toan hoc hé thong c6 dang:

X, =X,

X, = Fi(x)+ G (x)u

X; = X, (2)
X, = F,(x)+ G, (x)u

Voi:
2
—b2 sin(2x,)x; — Gbx, cos(x,) + ad sin(x,) 3)
Fi(x) = 2 2
ac—b" cos” x,

G ()= R (ac —gb2 cogs2 x,) cos(x) (4)
F(x) = cF (x)—dsin(x,) (5)

bcos(x,)

kk
Gy (x) = 1l (6)

R, (ac—b*cos® x,)

Va a=J8q+mr2; b=mLr.

d:mgL; E:ac—bz;

m- g eq”m (7)

Bing 1. Binh nghia cdc théng sé ciia mé hinh

STT | Ky hiéu Mo ta Gia tri

Chidu dai tir truc

1 L quay con lac deén | Do dac
trong tdm con lac
Khoang céach tir

2 h trong tdm con lac bo dac
dén mat san

3 r Chiéu dai canh tay | Do dac

4 pe) Goc quay canh tay | Bién sb
Géc 1éch con lic so

5 o v6i phuong thang Bién so
ding
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6 Toy Momen qv’uan tinh Po dac
cua con lac
7 \A Van toc con lac theo Bién s
phuong x
8 V. | Vantbc con lic theo | .. &
y Bién so
phuong y
9 K, Hing s6 momen cta | Nhan
dong co dang
10 K Hing sé stc dién .
dong (Back EMF gﬁm
constant) ang
11 R D}¢n tré nd1 cua Po dac
dong co
12 J. Quan tinh cua dong | Nhan
co dang
13 n A A A aA Nhéan
g H¢ so truyén dong dang
14 M Hiéu suat dong co Nhan
dang
15 ch H@ sO ma §at gilra Nhan
cach tay va truc
don dang
ong co

3.  GIAITHUAT PIEU KHIEN TRUQT

Cac mat truot thanh phﬁn duoc chon
nhu sau:

S =%, T Ax )
Sy =X, + A, ©)

'Ham Lyapunov dugc chon dé 6n dinh
hé¢ thong c6 dang nhu sau:

V=ls|+4]s,] (10)

Dao ham hai vé cua (10) theo thoi gian, ta
co:

V =4, sgn (5,)+ 4,8, sgn(s,)

= (%, +Ax,)sgn(s,)+ 4, (%, + A4x,)sgn(s,)

= [E (X)+ G, (X)u + 4 x, ] sgn(s,) +
+2, {[ (%) + Gy (x)u + A,x, ]sgn(s, )}

=H(x)+1(x)xu (11)

Néu ta chon dugc tin hiéu diéu khién u
thoa man: V'V <0 (12)

e NéuV <0thi V>0tac khi V<0 thiV

s& kéo vé phi duong (tirc huéng vé

vitri 0) vi

V>0 (13)
e NéuV>0thi ¥ <0 tirc khi V duong thi

V s& bi kéo vé€ am (turc hudng vé vi tri 0)

vip <0 (14)

Tic V ludén hudng vé gia tri 0, tic
V =ls,|+ 4s,| Tudn hudng vé 0 tire S,—0 va
ﬂSz—>0 tire X5 X,; X5 Xé tién vé 0 tic hé thong
on dinh tai vi tri can bang.

O ‘déy, gia tri A, duogc chon la mot s,(A')
duong nam trong khoang tir 0 dén 1. N6 quyét
dinh thanh phén nao duoc wu tién 6n dinh
trong qué trinh diéu khién: goc con lic hay
gdc canh tay. Ngoai ra, tin hiéu diéu khién u
phai dugc 1ai sao cho:

V= —asat(Kj
¢ (15)

o, 1a mot sd duong dé xéac dinh toc do V
tién ve 0

Trong d6, ham sat() dugc dinh nghia
nhu sau:

v
y=sat [Kj = @
¢ sgn(V)

O day, ta chon ham Sat() dé dau cua V
khong qua dot ngot, theo nhu hinh vé sau:

if¢ <[]

otherwise

(16)

y =sign(V) va y = sat(V/phi)
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Hinh 3. Hinh vé cac ngo ra theo ham sign()
va sat()

Vi ham sat(), mire d9 thay doi dau cia
dieu khién trugt khong qué lon, giup giam
hién tuong Chattering.

Thay (11) vao (15), ta co:

HXx)+ I(x)u=—asat [EJ (17)

Tin hiéu hé théng dé diéu khién hé thong
theo giai thuat truot la:

V
—H(x)- —
) (x) asat( p j _

- 1(x)
[G.(x)sgn(s,) + 4G, (x)sgn(s,)]

—asat[%] ~[Ax, + F(x)]sgn(s,)+

-4 [ﬂ,}x4 +F, (x)] sgn(s,)

(18)

4. KET QUA MO PHONG
Thong sé mo hinh ¢ Bang 1 theo gi tri
thuc t€ & mo hinh thuc té Hinh 9:

m=0.067(kg); L = 0.1832(m); g=9.81(m/
s2); Rm = 0.9(Q); r= 0.17(m);
Jeq=0.006868(kgm?2), Im=0.000213(kgm?2),
Kt = 0.0706(Nm); Kb = 0.0707 (Nm);
Kg=0.0603 (Nm) (19)

Chon gia tri dau cta bién trang thai nhu
sau:
x_init=[0.1 0-0.1 0]" (20)

Chon thong sé diéu khién theo cong
thire (18) nhu sau:

Ah=5;
¢ =0.0001

A,=0.5; A, =10;
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Két qua diéu khién trén mo phong nhu

goc canh tay teta (rad)

I I i i
0 5 10 15 20 25 30 35 40
Time (s)

P i i i

Hinh 4. Gia tri goc léch cua canh tay theo
thoi gian (rad)
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goc con lac nguoc (rad)
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Hinh 5. Géc quay con ldc (rad)

dien ap cap cho cong co (Volt)

Time (s)

Hinh 6. Tin hiéu dién dp diéu khién (V)
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Hinh 7. Gia tri mat truot S1 theo thoi gian

08

0.4

0.z

[u]
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Hinh 8. Gia tri mat truot S2 theo thoi gian
Nhan xét:

Tir cac Hinh 4 va Hinh 5, ta nhan thay
bo diéu khién truot hoat dong tdt, gboc con
lic va goc canh tay sau mot khoang thoi gian
lan luot 1a 20s va 10s thi dat gia tri g'?m nhu
6n dinh quanh diém lam viéc (0,0, 0, 0). Tuy
nhién, hé thong khong dimg han dao dong ma
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c6 dau hiéu dao dong nhe quanh vi tri (0,0).
Diéu nay 1a do tinh chat thoa hiép do cac bién
ngd ra dé chuyén vé mot hé vao ra duy nhat
thoa man diéu khién truot. Co thé khic phuc
diéu nay bang cach chon thong sé diéu khién
& Hinh 21 tot hon. Ngoai ra, ta thdy, cic mat
treot S1 va S2 & Hinh 7 va Hinh 8 déu dao
ddéng nho quanh gia tri 0. Piéu nay ching to
bo diéu khién hoat dong tdt.

Hién tuong chattering dién ra do thanh
phan sign(V) déa dugc giam thiéu bang cach
thay bang ham sat(). Tuy nhién, trong biéu
thirc (18) van con ton tai nhiéu ham sign() nén
van xay ra hién tuong chattering (du da duogc
giam thiéu). Viéc thay ddi toan bo ham sign()
bang ham sat() s& lam anh huéng dén sy dam
bao on dinh cua hé théng (du co 1am giam
hién tuong chattering). Piéu nay cang duoc
khang dinh théng qua mo phong.

Mat khéc, do mat trugt S, 1a sy két hop
cua x, va x, va S 1a sy két hop gitra x,,
theo cong thu’c (8) va (9). Do do, x, va X co
xu huéng khong vé 0 han nhu & cac h1nh 4 va
hinh 5.

5. KET QUA THUC NGHIEM

Mo hinh con lic ngugc quay st dung
vi diéu khién DSP TMS32-F28335 trén board
TMDSDOCK?28335 dé thuc hién thi nghiém
theo giai thuat truot nhu Hinh 9:

Hinh 9. MH Thuec hé con ldc nguoc quay

1: Con lac (Pendulum)

2: Encoder do goc con lic

3: Canh tay (Arm)

4: Pong co c6 kém san encoder

5: BO diéu khién bao gom:
nguén 24VDC, mach cau H,
vi diéu khién DSP
6: Bé sat c6 dinh hé thong
Chon thong sé diéu khién thuc nghiém
la:
Thoi gian 14y mau duoc chon 13 0.01s.
Nhu vay, cir 1000 mau tirc ta da cho chay hé
thdng trong 10s...

%,=0.1;4,=0.6; 1,= 10 h¢ s6 0 =0.01;

F=0.5 (22)

Ta duoc két qua thyc nghiém nhu sau:
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Hinh 10. gid tri géc con ldc trong thoi gian 10s
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0
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Hinh 11. Gia tri goc canh tay trong thoi
gian 10s
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Hinh 12. Gid tri dién dp (V) cdp cho dong co
trong thoi gian 10s

1 2 3 4 5 6 7 8 9 10
Thoi gian (s)

Hinh 13. Gia tri mat truot S, thay doi trong
thoi gianl0s
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Thoi gian (s)

Hinh 14. Gia tri mat truot S, thay doi trong
thoi gian 10s
Nhan xét:

Thong qua cac Hinh 10 va 11, ta nhan
thiy hé théng thuc té hoat dong twong ddi tot
v6i b diéu khién truot, con ldc ¢ the on dinh
quanh diém lam viéc (0,0). Ngay khi dén vi
tri can bang hé thong khong ding han dao
dong ma co dau hiéu dao dong nhe quanh vi
tri (0,0). Piéu nay 1a do tinh chét thoa hiép
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do cac bién ngd ra dé chuyén vé mot hé vao
ra duy nhit thoa méin diéu khién truot. Ngoai
ra, cac Hinh 13 va 14 cho thiy cac mit truot
cling tién vé va dao dong quanh gia tri 0 khi hé
thng hoat dong trong 10s.

6. KETLUAN

Bai bao di cho thiy, giai thuat diéu
khién truot trong bai bao di diéu khién t6t hé
con lic nguoc quay ca vi tri canh tay va goc
con lac déu vé gia tri 0 sau 20s & mod phong
(khi gia tri dat ¢ xa gia tri cn bang) va dao
dong sat quanh gia tri 0 trong 10s hoat dong
& md hinh thuc té. Bai bao di giai quyét van
dé ung dung diéu khién truot thanh cong cho
mot ddi twong SIMO dién hinh thay vi mot
dbi twgng SISO theo phuong phap chung ¢ tai
lidu [4].
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