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NGHIEN CU'U THIET KE HE THONG DIEU KHIEN QUAN SAT CHO
CON LAC NGUQC

A STUDY OF DESIGNING OBSERVER CONTROLLER FOR INVERTED PENDULUM
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TOM TAT

Bai bdo trinh bay két qua nghién ciiu vé xdy dung bg diéu khién quan sdt cho con lac ngugc.
Mot mo hinh con lac ngugc va phuong trinh todn hoc ciia co hé dugc duge xdy dung. Tir d6, mot bo
diéu khién dugc xdy dung va mo phong trong Matlab/Simulink. Két qua thu dugc qua mé phong so
phdn dnh ding bdn chdt dong luc ciia co hé, la tién dé dé phat trién nghién ciiu thiét ké bo diéu khién
cho cdc co hé nhiéu bdc tu do.

Tu khoa: Con lac ngugc; Pong luc hoc; Diéu khién tuyén tinh.
ABSTRACT

This paper presents a study of designing an observer controller for inverted pendulum. The
A configuration of inverted pendulum and governing equations are established. Then, an observer

controller is built up and simulated in Matlab/Simulink. The obtained results reflect well the essentials
of the mechanism, and it can seem to be a reference for designing controller for more degree of freedom

systems.
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1. GIOI THIEU

Con lac ngugc la bai toan kinh dién
trong linh vic dong luc hoc va diéu khién. Day
la co hé nén tang cho rat nhiéu ing dung trong
thuc té nhu robot budc di, diéu khién hé thong
treo... Thiét ké bd diéu khién cho con lac ngugc
la chu dé thu hat sy quan tdm ctia nhiéu nha
nghién ctiu va cac don vi ting dung. Nhiing két
qué nghién ctu tiéu biéu cd thé ké dén nhu: Elisa
va cong su da st dung PID, LQR va MPC nham
toi vu diéu khién [1], Petro Morasso va cOng su

nghién ctu 6n dinh cta xe con lac ngugc [2],
Mohamed Magdy va cdng su mo hinh h¢ thong
con lac ngugc véi b diéu khién téi uu trong
luc, Erick martinez Ramirez nghién ctiu cac b
diéu khién cho con lac ngugc [4]...

Trong nghién ctiu nay, cac tac gia xay
dyng mot cdu hinh con lic ngugc phing. Mo
hinh todn hoc dugc st dung dé mo6 ta co hé
dudi dang ma tran trang thai. Mot bo diéu
khién quan sat sé dugc xay dung d€ diéu khién

hé théng 6n dinh. Day 1a hé théng c6 thé cung &~
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cdp gia tri xap xi trang thai bén trong ctia mot
hé thong that cho trudc. Phuong phap diéu
khién nay cho phép kiém soat dugc trang thai
vat ly ctia h¢ thong thong qua tin hiéu vao va ra
cta hé¢ thong trong thoi gian thuc. Pay la mot
phuong phép diéu khién hién dai trong mién
thoi gian cho cac hé nhiéu tin hiéu vao va ra.
Két qua thu dugc 1a nén tang dé phat trién cho
nhiing co hé nhiéu bac tu do hon.

2. CAU HINH CON LAC NGUQC VA PONG
LUC CUA CO HE

Hinh 1, md td ciu hinh ctia con lac
ngugc. Day la co hé c6 2 bac tu do: Chuyén
dong ctia xe va chuyén ddng ctia con lic ngugc
gan trén xe.

mg v

fc
cart Mc

Q @) *

Hinh 1. Cdu hinh con ldc ngugc phdng

Muc tiéu cua bai toan la diéu khién con
lic thing bing (dich chuyén quanh vi tri can
bang thing ding véi goc 0) thong qua diéu
khién chuyén dong ctia xe. Chuyén dong quay
ctia con lac dugc mo ta béi cong thic:

10 =VlIsin @ — Hl cos O (1)

Vé6i I 1a m6 men quan tinh cta con lac
do6i véi tam trong luc cua nd. Chuyén dong
ngang va doc ctia tam trong luc dugc thé hién
béi cac phuong trinh:

d2
m—s(x+Isin@)=H (2)
dr?
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d2
m—=(lcos@) =V —mg (3)
dr?

Chuyén dong ctia xe theo codng thic:

2
‘;2":%1{ (4)
t

Thong s6 cua co hé con lac dugc liét ké
trong bang 1:

Bdng 1. Théng s6 ctia co cdu con ldc ngugc:

Khau Khoi lugng (kg) Kich thudc
Xe 2 /
Con lic 0.5 l=1m

Phuong trinh trang thai ctia co hé sau
khi tuyén tinh hoa dugc thé hién béi hé phuong
trinh:

M6 =(M +m)gb —u

. (5)
Mx=u—mg0

Thay cac gia tri tu Bang 1, hé¢ phuong
trinh (5) trGd thanh:

0=12.250—-u ©)
X=-2.450+0.5u
Dit:
=60, x,=0, x=x, x,=x;
ylzele’ Yo =X=X

Thu dugc hé phuong trinh trang thai dang:

x=Ax+Bu

y=Cx @
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3. THIET KE BO PIEU KHIEN CHO CO HE
CON LACNGUQC

Trén co s& hé phuong trinh vi phan, hé
phuong trinh trang thai dugc xay dung trén,
phan nay sé trinh bay qua trinh thiét lap bo
diéu khién quan sat cho con lac ngugc. Nghién
ciu thiétké cuctaigiatriis=-4+j4,s=-4-
j4,5=-20,s = - 20

Phuong trinh dic trung dugc thé hién
béi phuong trinh (7):
(s +4 —j4)(s + 4 +j4)(s + 20)(s + 20) :
=s*+ 485’ + 75257 + 4480s + 12800  (8)

Ma tran phan h6i K c6 dang K = [k, k,
k, k] dugc xdc dinh qua cong thic:

3

s 000 0 1000
- A+BK| 0 s 00 12.2sooo+—o.5[k ok k]
ST— - _
00 s 0 0 00 1 o (L1 "2 73 "4
000 s|][-245 0 0 0] |05
s -1 0 0 (9)
:—12.25—0.5k1 5=0.5ky -0.5k; 0.5k,
0 0 s -1
24540.5k 0.5k, 05k s+0.5k,

Giai hé phuong trinh (9) thu dugc ma
trin phan hoi: K=[k, k, k, k]

=[-4140.7 -1010.3 -2612.2 -914.3]

Viéc xac dinh ma tran phan hoi quan sat
Ke thoa man: y =-KX véi

—_
S = O

rank[C* A*C*]|=rank 0

S
(= = =)
- o o O

0 0

Do d6, h¢ théng 14 hoan toan quan sat
dugc va co thé tinh toan ma tran Ke.

Phuong trinh dac trung cho bd quan sat
tr¢ thanh:

sSI-A+K,C| = 0 (10)

Giai phuong trinh dac trung thu duoc:

48 —2068.57
752 —9045.74
K, = 11
€N 48 (1)
1 764.25

Mo phong diéu khién con lic nguoc.

Trén co s& ma tran hé théng mo ta co
hé con lic nguoc va bo diéu khién quan sat da
tinh toan, mé hinh mo phong duoc thé hién boi
Hinh 2.

Hinh 2. M6 hinh mé phong diéu khién co hé con
lac nguoc

Pap tng cua co hé dugc thé hién trong
Hinh 3 va Hinh 4. Chuyén vi goc 0 sau khi dao
dong da tro vé vi tri can bang on dinh ¢ phuong
thang dung. Pong thoi, chuyén vi cia xe ciing
trd lai vi tri ban dau.
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Hinh 3. Chuyén vi ciia géc 0 (rad)
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Hinh 4. Chuyén vi cia xe ndng con ldc ngiroc (m)

Nhu vy, bo diéu khién da dap tng dugc
muc tiéu diéu khién con lic nguoc can bang ma
bai toan dit ra. Viéc thiét ké bo diéu khién cho
co hé dugce thuc hién ngay trong mién thoi gian,
thay vi mién tan s6 nhu 1y thuyét c6 dién. Voi
phuong phap nay, viéc thiét ké bo diéu khién
c6 thé tién hanh nhanh va dé dang thir nghiém
trong Matlab véi céac gia tri cuc lga chon cho
cac hé théng nhiéu tin hiéu vao va ra.

4. KET LUAN

Nghién ctru da thuc hién qua trinh khao
sat dong luc con lac nguoc va xay dung bd
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diéu khién theo phuong phéap hién dai sir dung
khong gian trang thai thay vi mién Laplace c6
dién. Pap tng cua hé thong dap ing yéu cau vé
diéu khién. B diéu khién quan sat duoc tinh
toan nhanh, tryc tiép va mo phong trong Matlab
dé hién thi nhanh chéng chuyén Vi cua cac bac
tu do. Pay 1a co s¢ dé phat trién, toi uu bo diéu
khién cho nhitng co hé¢ nhiéu béc tu do, nhiéu
tin hiéu vao va ra.<*
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