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Piéu khién 6n dinh hé Acrobot st dung giai thuit LQR-GA

Stabilizing Acrobot using LQR-GA algorithm
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Tom tat

Trong bai bdao nay, phuong trinh déng luc hoc cua hé acrobot
duot phén tich dua theo phuong phdp Euler-Lagrange. Bén canh
@6, mgt md hinh acrobot thyc té duwoc xay dung cho muc dich kiém
ching gidi thugt. Cac théng s6 chua biét trong hé thong durot xac
dinh qua viéc do dac, tinh toan va nhdn dang. Dua vdo dé, bg diéu
khién LOR duroc thiét ké dé diéu khién hé tai cac vi tri bat on dinh.
Hon thé nira, gidgi thugt di truyén duoc két hop dé t6i wu héa hiéu
nang ciia bé diéu khién LOR. Truéc khi nhing gidgi thugt vao mo
hinh thyc té, ddp img cua hé thong diroc kiém chimg véi cac gidi
thugt LQR, LQR-GA trén méi treong md phong. Vi céc két qud on
dinh tir viéc md phong, gidi thudgzt duoc thuc nghiém trén md hinh
thuc té.

Abstract

In this paper, the dynamic equations of the acrobot system are
analyzed using the Euler-Lagrange method. Besides, an actual
Acrobot model is built for algorithm validation purposes. The
unknown parameters in the system were determined through
measurement, calculation and identification. Based on that, the LQR
controller is designed to control the system in unstable positions.
Furthermore, the genetic algorithm is combined to optimize the
performance of the LQR controller. Before embedding the algorithm
in the actual model, the system's response was verified with LQR,
LQR-GA algorithms on the simulation environment. With stable
results from the simulation, the algorithm is tested on the actual
model.

1. G101 THIEU
Hé acrobot mé phong lai mot van

tiéu biéu dugc md ta o tai lieu [1]-[4].
Bén canh do, viéc tham khao cac tai liéu
[4]-[5] khién tac gia quan tdm dén van

dong vién du xa hay mot phan cua robot
va no ciing la mét hé bat én dinh, c6 do
phi tuyén cao. Viéc diéu khién hé
acrobot 6n dinh dugc rat nhiéu nha
nghién ctru quan tam, cac phuong phap

dé phan tich mo hinh dong luc hoc cua
hé thong dé thiét ké bo diéu khién
(BDK) cho hé¢ thong. Bong thoi, day
ciing 12 cach dé nhan dinh viéc kiém
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ching dap Gng cua hé théng gitta mo
phong va thuc té.

Trong bai bdo nay, mé hinh dong
luc hoc cua acrobot dugc phan tich. Dya
trén cac thong sé hé thdng co duoc tir
md hinh thuc nghiém, BDPK Linecar
Quadratic Regulator (LQR) [6] du’oc
thiét ké tai diém lam viéc tinh bat on
dinh cua hé théng. Giai thuat di truyén
(Genetlc Algorlthm GA) [7] dugc ap
dung dé t6i uu viéc tim kiém cac thanh
phan cia ma tran Q, tir do tinh toan ra
gia tri ma tran K twong ung sao cho dap
g cua hé théng 1a tdi wu nhat trén mo
phong. Cubi cung, dap ung cua hé thng
véi giai thuat LQR-GA tim dugc ¢ mo
phong duoc ap dung & thyc nghiém dé
kiém chtng tinh 6n dinh.

2. NOQI DUNG NGHIEN CUU

2.1. Phwong trinh déong luc hoc

Dua trén phuong phap Euler-
Lagrange [1], phuong trinh dong luc hoc
cua hé thong dugc trinh bay nhu sau:

D. (.?1 +C. 01 +G=1
62 92

Trong do,
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_{ﬂl +8,+2p3,c080, B, +p cos@z}

P, + ;€08 6, B,
| -B,sin6,0, —p,sin6,6, - B,sin6,6,
B.sing,6, 0 ’

1
mthanhl( +W. )+ 2 mdc rdc + mdc

1
E Mypann2 (IZZ
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voi T+ 1a momen do doéng co DC tao ra
) ﬁ1:m1|c12+m2|12+|1 , By=myl,
Bs=myll, ’ By =ml, +m,l, )
B, =m,l.,. Cac thong s6 mo hinh duoc
giai thich & Bang 1 (phan dudi). 6; (rad),
0, (rad) lan luqt I& goc léch cua link 1 so
véi phuong thang dirng va goc léch cua
link 2 so vai link 1.

Y 4

m,l%+1,

maz, Iz

X

inh 1. M hinh toan hoc acrobot
trong hé truc toa do Oxy
Cong thac tinh mé-men quéan tinh
cua toan bo thanh 1 va thanh 2 duoc tinh
toan dua theo céng thuc

(2) dudi day. Cac thong sb duogc thé
hién o Bang 1.
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M&i quan hé giita dién ap cip cho
dong co va md-men tac dong théng qua
ti so truyén dugc mo ta nhu sau [8]

T =N,KU-KNA/R, G

Trong do, Ny Ia ti s6 truyen dong co, K;
(kgm?) 1 hé sb momen x04n dong co, U
(V) Ia dién ap Cap cho dong co, Ke
(kgm?) 1a hing s6 momen dong co,
¢ (rad) 1a gbc quay dong co, Ry, (Ohm) la
dién tré ndi dong co.
2.2. B§ diéu khién LQR-GA
2.2.1. Gidi thiéu diéu khién LQR
Acrobot s& duoc tuyén tinh hoa tai
vi tri bét 6n dinh [6, 6, ]T =[7/2 7z]T va
BDK s& duoc thiét ke dé dieu khién on
dinh hé thong tai vi tri nay.
Muc tiéu cia BPK LQR la tdi thiéu
hoa ham sau

J= T(xT Qx(t) +u"Ru(t))dt (4)

Trong do, Q, R 1a ma tran ban xac
dinh dwong va xac dinh duong khong doi
theo thoi gian can duoc lya chon.

Luat diéu khién hdi tiép trang thai dé
dua vector trang thai x vé 0 sao cho ham
muc tiéu J dat cuc tiéu (tim K dé J dat
cuc tiéu).

u=—Kx (5)

Trong d6, K=R™B'S va S la nghiém
ctia phuong trinh dai s Riccati sau:
0=-SA—A"S+SBR'B'S-0Q (6)
Viéc giai (6) dé tim K thoa man J rat
kho khin. Do d6, Matlab da hd trg 1énh
1qr() dé tinh K théng qua cong thirc:
K=Iqr(A,B,Q,R) @)
Véi A, B 1a ma tran hé thong sau khi
da duoc tuyén tinh hoa.
2.2.2. Kéthop GAva LQR
Dé nang cao chat lugng diéu khién
hé théng, ma tran K tbi uu can duoc tinh
toan. Mat khéc, viéc tinh todn K phu
thuoc boi ma tran trong s Q. Khi thay
d6i ma tran Q (ting hoac giam cac thanh
phan cua ma tran) s& lam thay d6i ma
tran K dan dén thay d6i chat luong diéu
khién cua hé thong. GA duoc dé xuat
nham tim kiém céc thanh phan trong ma
tran Q dé téi wu chat luong diéu khién.
Théng sé6 GA dugc lva chon nhu
sau, so thé hé tdi da: 30, sb luong ca thé:
10, s lugng nhién sic thé trong mot ca
thé: 4, hé sé lai ghép: 0,9; hé s6 dot bién:
0,1; kiéu ma hoa: ma hoa thap phan, kiéu
chon loc: chon loc sép hang tuyén tinh,
kiéu lai ghép: lai ghép hai diém

Acrobot

Giai thuit
di truyén

Hinh 2. So d6 diéu khién Acrobot véi LQR-GA
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Ham muc tiéu cua GA duoc chon ¢

(8). Viéc tim kiém bo thong sb diéu
khién sao cho dap ttng hé thdng sao cho
Jea nay cang nho tirc viéc mé phong hoat
dong cua acrobat ddi véi thdng sb diéu
khién twong tng cho ra ham Jga nho
nhét c6 thé tac 1am sai sb gita link 1 va
2 1a nho nhét trong thoi gian nhanh nhat
tic 1am hé thdng nhanh 6n dinh, c6 thoi
gian xéac 1ap nho nhit va sai s6 xéac l1ap
nho nhat

N
Joa = Z(ef. +e22i) (8)

i=1
Trong d6, ¢ =6,-6,, e,=6,, -6, 0,
va % lan luot la gié tri dat cua O va

6.: N 1a sé miu di lidu co duoc trong
thoi gian m6 phong cho truéc. Trong
truong hop mé phong nay, ta co thoi
gian lay mau 12 0.01s.

Qua trinh tim kiém cé thé (tuc cac
gia tri caia ma tran Q) dién ra theo luu dd
giai thuat sau:

| Khéoi tao quian thé ban d3au |

I
¥

| Lai ghép, Dot bién |
{

| Tinh todan ham muc tiéu

Jmin=J g véi ca thé t6t nhat
Gitr lai cic ca thé tat
T

Pl s6 thé
hé chwa?

b

Hinh 3. Luu d6 chiong trinh GA

2.3. M0 phong va thuc nghiégm
2.3.1. M6 phong
Thong s6 hé théng duoc do dac va

wdc luong tir chinh mé hinh thyc té va
duogc trinh bay ¢ Bang 1 [8].

Bdng 1. Thong sé hé thong

Thong M6 ta Gia Pon
S0 tri Vi
l, Chiéudaithanhl 0,19  m
| Khoang c{ach te 0,12
cl diém dau dén trong
tém‘thanh 1
| Chiéu dai thanh 2 0,23 m
2
I Khoang c{ach te 0,14 m
c2 diém dau dén trong
témrthanh 2
m, Khoi luong thanh 1 0,603 kg
bao gom dong co
m, Khoi luong thanh 2 0,5 kg
bao gom tai
| Mo6-men quan tinh  0,0128 kg.m?
1 cua thanh 1
| M6-men quan tinh  0,0113 kg.m?
2 cua thanh 2
g Gia téc trong 9,81  m/s’
truong
Khdi lugng thanh 1 0,153 k
mthanhl o1 luong g
Khdi lugng thanh 2 0,2 k
mthanhz o1 luong g
w, Do rong thanh 1 0,06
w, Do rong thanh 2 0,06
m Khéi luong dong 0,45 kg
de co gan & cudi thanh
1
r Ban kinh cua déng 0,0175 m
dc co
I Khoang céph tr 0,165 m
dc dong co dén tryc
quay thanh 1 )
m... Khéi’ lugng tai gan 0,3 kg
al & cudi thanh 2
Ban kinh cua tai 0,03 m
r’[ai
| Khoang cach tir tai 0,185 m
tal den truc quay thanh
2
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Véi thong sb hé théng ¢ Bang 1, ma
tran hé thong A, B & (9) dugc tuyen tinh tai

;
vitri [6, 6, U]Tz[% 7 0} nhu sau:

0 1 0 0 9)
38,7854 0 -13,8472 0,5405 |
| o 0o o 1
-46,8658 0 -27,3399 -2,3501

B=[0 -1,288L 0 5,6002]

BDK LQR dugc tinh todn dua trén
cac ma tran hé thong tuyen tinh tai diem

lam viéc tinh va hé théng véi BPK
LQR-GA dugc md phong. Khi dat hé
thbng tai  vi ti ban  dau
. AR ﬁ

[40) 4(0) 2.0) 40O] -[% 0 -Z o
, ta ¢ Hinh 5, 6 trinh bay gié tri dap tng
cua thanh 1 va 2 cia hé qua cac thé hé
khéc nhau. Hinh 4 cho thay gi4 tri ham
muc tiéu giam dan qua cac thé hé

Hinh 4. Gid tri ciia ham muc tiéu Jga qua cac thé hé

o TN

T

——Thé hé 1

——Thé he 12| |
Thé hé 30

I I I I
o 1 2 3 a

I I I I
5 6 7 8 9 10

Thoi gian (giay)

Hinh 5. G6c thanh 1 ¢ 3 thé hé khéac nhau

Géc thanh 2 (rad)

T
—Thé he 1
——Thé hé 2

Thé hé 3|

I I
5 6 7 8 9 10

Thei gian (giay)

Hinh 6. Géc thanh 2 ¢ 3 thé hé khac nhau
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Hinh 4 md ta gia tri ham muc tiéu 98422 0 0 0
trong GA giam dan sau 30 thé hé. Cu 0 99605 0 0 (10)
thé, ¢ thé hé 1, gia tri ham muc tiéu xap Q= '
xi gan 46, sau 15 thé hé gié tri ham muc 0 0 9993 0
tiéu & khoing 35.5 va sau 30 thé h¢ gia 0 0 0 28562
gé ham muc tiéu giam xuong con khoang 1769830 -13,1174 280813 1,0235] (11)
Vi ma tran Q ¢ thé hé 1, 12 va 30, Vi ma tran Q tim duoc ¢ thé hé 30
ma trdn K dugc tinh toan va dicu khien  (10), BPK LQR duoc tinh toan dé didu
cho h¢ thong. Hinh 5 so sanh dép Gng  khién én dinh hé théng tai vi tri MID va
cua goc thanh 1 khi ap dung thdng so K ma tran K dugc trinh bay & (11).
duoc tinh toan tir ma tran Q ¢ 3 the hé
khac nhau, goc léch thanh 1 16n nhit ¢
thé hé 1 12 0.36 radian va 0.33 radian khi
& thé hé 30. Tuong tu, Hinh 6 so sanh
dap ung cua goc thanh 2. Ca Hinh 5 va
Hinh 6 déu cho thay khi str dung Q ¢ thé
hé 30 dé tinh toan K thi dap ung hé
thdng 12 téi wu nhat.
2.3.2. Thuc nghiém

Md hinh acrobot thuc té diéu khién
git' on  dinh & vi o tri
[6 6, U] =[7/2 = 0] dugc mo ta
& Hinh 7. Do su khac biét dang ké giira
thong sé hé thong 1y twong va thdng sb
két cau thuc nghiém, viéc ap dung BBK
LQR di duoc t6i wu hoa bang GA s&
tang kha nang diéu khién thanh cong mo
hinh thuc nghiém.

Hinh 7. Hé acrobot ¢ trang thai on
dinh

Gac thanh 1 (rad)

Il
o 5 10 15
Thoi gian (giay)

Hinh 8. Ddp ing goc thanh 1 ¢ thuc té
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I
o 5

I
10 15

Thoi gian (giay)

Hinh 9. Bdp g gbc thanh 2 & thuc té

Pap ting cua hé thong dugc mo ta o
Hinh 8 va Hinh 9 cho thay hé acrobot 6n
dinh tai vi tri MID v6i thong s6 K tim
dugc tir GA. Sai s6 cia thanh 1 duy tri
trong khoang rat nho (0.04 dén 0.04 rad)
va thanh 2 ciing dao dong trong khoang
rat nho (-0.2 dén 0.2 rad)

3. KET LUAN

Trong bai bdo, phuong trinh dong
hoc cua acrobot dugc phéan tich. Thong
qua c4c théng sb hé théng c6 duoc tir md
hinh thuc nghiém, BDK LQR duoc thiét
ké diéu khién cho hé acrobot & vi tri bét
on dinh va GA duogc 4p dung bb trg cho
LQR nham tdi wu luat diéu khién. Viéc ap
dung giai thuat diéu khién ddi véi acrobot
duoc tién hanh trén ca hai phuong dién 1a
mod phong va thuc nghiém. Dya vao cac
két qua md phong, BPK LQR hay LQR-
GA da diéu khién 6n dinh thanh cong hé
acrobot va chi ra dugc su t6i vu hon cua
giai thuat LQR-GA (Hinh 4, 5, 6). Bong
thoi, thong sé diéu khién LQR sau khi
duoc toi wu héa & md phong ciing da
chimg té kha niang 6n dinh méd hinh &
thuc nghiém (Hinh 8, 9).
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