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PHUONG PHAP PIEU KHIEN MO-TRUQT CHO HE PENDUBOT
A METHOD OF FUZZY-SLIDING MODE CONTROL FOR PENDUBOT MODEL
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Tém tat - Diéu khlen 6n dinh cho hé théng SIMO (Single Input —
Multi Output) luén 1a van dé co ban va quan trong trong ky thuat diéu
khién. Trong cac hé théng SIMO, pendubot & mé hinh c6 két cAu co
khi khéng qué phurc tap, c6 dé phi tuyén cao nén dwoc nhiéu nha
nghién ctru st dung dé kiém tra giai thuat diéu khién trong phong thi
nghiém. Trong bai b4do nay, nhdm tac gia str dung giai thuat mo trwot
(Fuzzy Sliding Mode Control-FSMC) dé giai quyét bai toan can bang
tai vj tri TOP cdia md hinh pendubot. Y twdng chinh ctia phwong
phap nay Ia st dung giai thuat me két hop voi giai thuat di truyén dé
Iwa chon thong sb diéu khién cho bo diéu khién trwot (Sliding Mode
Control — SMC). Chét Iuong diéu khién khi st dung FSMC tbt hon
khi str dung SMC va két qua dwoc chirng minh théng qua mé phéng
trén Matlab/Simulink va thyc nghiém.

T khéa - pendubot; m6 hinh SIMO; giai thuét truot; gidi thuat mo;
giai thuat mo trwot; dieu khién can bang.

1. Pat vin dé

Pendubot 12 md hinh under-actuated SIMO kinh dién,
¢6 d6 phi tuyén cao, dugc wng dung trong viéc kiém tra giai
thuat trong phong thi nghiém cua nhiéu truong dai hoc.
Diéu khién 6n dinh pendubot tai vi tri TOP va vi tri MID
1& hai bai toan chinh khi nghién cttu loai md hinh nay.
Nhiéu tac gia da sir dung bo diéu khién tuyén tinh, nhu bo
diéu khién P1D [1] hay LQR [2] nhung khdng thé can bang
hé théng trong pham vi rong do ban chat bo diéu khién. Céac
tac gia khéc st dung giai thuat diéu khién thong minh, nhu
logic mo [3, 4] hay Neural [5] va két qua duoc chitng minh
1a hoat dong tét. Tuy nhién, viéc thiéu thong sé cua hé
théng thyc tir phuong trinh dong hoc 1am cho viéc thiét ké
bo diéu khién rat kho khan. Hon thé, diéu khién thong minh
khong dugc dam bao bang toan hoc. Do d6, mot huéng giai
quyet dugc dé nghi 1a 4p dung bo diéu khién phi tuyén dé
su 6n dinh cua hé théng dwoc dam bao thong qua toan hoc.
Trong diéu khién phi tuyén, thong dung nhit la bo diéu
khién truot [6-8]. Tuy nhién, b diéu khién nay c6 mot bat
loi 16n, @6 1a hién twong “chattering” — tin hiéu diéu khién
dao dong xung quanh mit phang truot.

Trong bai bao nay, giai thut fuzzy duoc &p dung dé lya
chon thong sé diéu khién. Khi do, hién twong “chattering” bi
loai bo han trong khi nhing chi tiéu chat luong khac van tot.

2. Giai quyét van dé
2.1. Phwong trinh dpng hoc ciia h¢ Pendubot

Theo [1], ta c6 cAu triic cia md hinh pendubot nhu Hinh
1. Thdng so6 cua hé thong dugc thé hién & Bang 1 bén dudi.
Bdng 1. Thong sé hé thong

Ky hiéu Pon vi MO ta
ma Kg Khéi lwong link 1
I1 M Chiéu dai link 1
It m Khoérlg céch ti{ truc dong co
dén trong tam link 1

Abstract - Stabilizing control for SIMO system is a basic and
important problem in control technology. Among SIMO systems,
pendubot is a model which has a non-complex mechanical
structure and is high-nonlinear. Therefore, this model is used by
many researchers for testing control theory in the laboratories. In
this paper, authors use Fuzzy Sliding Mode Control (FSMC) to
stabilize pendubot in TOP position. The method is designed from a
new idea of combining fuzzy algorithm and genetic algorithm to
select control parameter for Sliding Mode Control (SMC). Control
quality under FSMC is proved to be better than that through SMC
through Matlab/Simulink simulation and experimental results.

Key words - pendubot; SIMO system; sliding mode control; fuzzy
algorithm; fuzzy-sliding mode control; balance control.
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mz kg Khéi luong link 2

I2 m Chiéu dai link 2

leo m Khoang cach tf{ truc encoder
dén trong tam link 2

I2 kg.m? Mo6-men quén tinh cua link 2

G m/s? Gia tbc trong truong

Kt Nm/A Hang sb mo-men

Kb V/(rad/s) Hing sb phan dién

Rm Ohm bién tré dong co

Jm Kg.m2 Mé-men quan tinh cta rotor

Cnm Nm/(rad/s) Hé sb ma sat nhat
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Hinh 1. C4u tric cia mé hinh pendubot
Dung phuong phap Euler-Lagrange [3], ta cd phuong
trinh dong hoc cta hé thong pendubot nhu sau:

M(a)d+B(a,d)d+G(a) =7 1)
Veoi: q=[q g, ]T . 1 la goc gitra link 1 va truc hoanh (Ox),
g2 la goc gitra link 1 va link 2.
= [ 0] 1a tin hiéu didu Khién - mo-men cia
déng co dat vao link 1.
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2 2 2 . i
Br=mily” +mol + |1;ﬁ2 =Myle,” +15 5 fa = Moliley ;
Ba=myleg +mabi; fs = myley
Do tin higu diéu khién cua hé thong pendubot trong
thuc té 1a dién &p cap cho dong co nén viec tim moi lién hé
gitra m6-men va dién ap la can thict. Theo [9] va qua mot
56 phép bién d6i don gian, ta c6 dugc phuong trinh sau:

Ki K:Kp . N
=—u-| —=+C -J 2
Tm Rm ( Rm m]ql mql ( )
K KK
Pt Ky =—1; K, =—2+C i Ky=J,;
Rm m
X =0; X, =045 X3 =0p; X, =G, vakéthop véi (1) ta dugc:
%= f1(X)+b (Xu 4)
X3 =Xy ®)
%= £+ B, () (6)
Véi
1
f.()= O .
KBz + B — B5 €os™(X3) )
BafB38In(X) (% + X4)2 + ﬂsz sin(x;) COS(X3)X22
=,9 €0S(X) + B3 50 COS(X3) COS(X +X3) — K, Bo X,
K
by(x) = L (®)
KBy + BB, — Ps” €0s”(X3)
1
£, (x) =
2 KsBo + BB *ﬁsz cos’ (%3) (9)
(=5 SIN(X3)( B, + B5 COS(X3)) (X, + XA))Z -
B3 SiN(X)X5 (B, + B3 C08(X)) — S5 COS(¥; + X5 )(Kg + 3, + 3 €05(x3))
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=Dy — cos(x;)K
bz(X): ﬂz ﬂ3 (23) 21 (10)
Ksfo + BB, — B5” €os™(d)
Link 2
Link1 Link 2{ Link 1
Vitri TOP Vitri MID

Hinh 2. V; tri can bang cia pendubot

Hai vi tri can bang pho bién trong viéc diéu khién hé
pendubot 1a vi tri TOP va vi tri MID nhu trong Hinh 2.
Trong bai bdo nay, nhom tac gia diéu khién hé pendubot tai

vi tri TOP. Ta it bién trang thai méi X =[X, X, X3 X, '
dé thay thé x=[x, %, ¥;X, | . Muc dich 14 dé lai bién trang
thai X vé 0 khi hé théng 6n dinh. Theo hé truc toa do nhu

Hinh 1, X s& dugc dat nhu sau: Xlle—g; Xy =Xy,

X3=Xg; Xy=%,. Thay x1:X1+%, X, =X,y X3 = Xg,

X=Xy vao f (x), b(x), f,(x), b,(x) taduoc f (X),
b (X), f,(X),b,(X).
2.2. Gidi thudt diéu khién
2.2.1. SMC

Mo déu cua [6] md ta phuong phap diéu khién cua giai
thuat truot tong quét cho hé thong SIMO. Xét hé thong
SIMO c¢6 phuong trinh toan hoc dang:

X = f(X)+b(X)u (12)

Vi X =[X, X, X; X,

t)=[X, i X, f]

.
b(X)=[0 b 0 b]
u la dién ap diéu khién.
Hg thng dugc diéu khién tot xung quanh vj tri X = 0.
Su 6n dinh dugc dam bao bang toan hoc.

’TS:

Sy S0
P i)
X; X Xz Xy

Hinh 3. Mat trurot theo thit ty
Ta ¢ nhitng mat truot:

$ = X1+ X, (12)
Sy =C X3+ X, (13)
Véicy, c2 >0
Pao ham theo thoi gian, ta duoc:
$ =X, + fy+bu (14)
Tin hiéu diéu khién tuong tung la:
—(¢, X, + f
ueql — (Cl 2 l) (16)
by
—(c, X, + f
ueqz — ( 27N 2) (17)
b,

bat: S, =a8;; S, =a,S, +5;

Suy ra luat diéu khién cho hé pendubot Ia:
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o (848)byUeqy + @B Ugq, — (Ko S5 +177,819N(S,))
(3437)b; +a,by
‘ pé dat dugc chit luong diéu‘ khién tét, nhitng théng sb
diéu khién ay;a,;¢;;Cy;Ky;77, can phai duoc lya chon phu
hop thong qua giai thuat tim kiém hodc phuong phap thir sai.
2.2.2. FSMC
Theo luat diéu khién trong Muc 2.2.1, hién tugng
“chattering” bi anh huong nhiéu nhat boi théng so6 diéu
khién 77, . Néu thdng s6 ndy nho, thoi gian qua do s&€ cham
nhung “chattering” s& nhé va nguoc lai. Vi thé, huéng giai
quyét gho truong hc_yp nay la dung giai thuag mo tao ra luat
thay doi cua thdng so 77, theo gid tri tuyét doi cua mat truot
So. Ham lién thugc ctia ngd vao |S; | vangd ra i, duoc thé
hién & Hinh 4 va Hinh 5.

(18)

[

0 033 066
Hinh 5. Ham lién thugc ngd ra
Bdng 2. Bang lugt mo

Rule |S2| P
1 ZE ZE
2 SM SM
3 ME ME
4 Bl Bl

Do ham lién thugc ciia ngd vao va ngd ra da dugc chuan
héa v& mién gié tri [0; 1] nhu Hinh 4 va Hinh 5, nén dé
thich ung véi dy gia tri thay ddi cua dau vao va dau ra,
viéc thém nhitng khéi tién xt 1y va hau xir ly 1a can thiét
(Hinh 6). T1 va T, dwoc chon dya vao giai thuat di truyén

hoéc phuong phap thur sai.

Hinh 6. So dd khdi bé diéu khién mo

Input Output

3. Két qua nghién ctru va binh luin

Dua vao md hinh thyc té trong Hinh 12 bén dudi, ta ¢6
théng s6 hé thong nhu sau:

m;=0,137; m;=0,042; 1,=0,2; I,=0,22; Ia= 0,1016;
le = 0,1052; Kp = 0,0649; K; = 0,0649; Ry = 6,835;

Jm=0,0001;
Cm=0,00005; g =9,80665; 1,=0,0017; 1,=0,0001477;
Pon vi nhu Bang 1 & trén.
D¢ tim thong s6 diéu khien, ta s dung giai thuat di
truyén (GA). Thong s6 ciia GA dugc lya chon nhu sau:
-S4 thé hé tdi da: 100;
- S6 lugng cé thé: 100;
- Heé sb lai ghép: 0,8;
- Hé sb dot bién: 0,2,
- Kiéu ma hdéa: ma hoa nhi phan;
- Chon ham muc tiéu:

3= X DX ()+X5 ()X 3(0)]
i=1

Giatri cuaJ phu thycf)c vao Xj va Xz theo thoi gian md
phong. Hé thong cang on dinh, X; va Xz s€ cang nho, twong

ung J s nho.

Tinh gia tri ham
thich nghi

'

Tao ra cé thé
méi

Jmin =]
Luu lai thong s6 diéu khién

Trai qua 100
thé hé ?

Hinh 7. Luu do gidi thugt di truyén
Sau khi trai qua 100 thé hé, théng sé diéu khién dwoc
lya chon nhu sau:
a1 = 2,0609; a, = 5,243; ¢, = 8,4092; c, = 9,9184;
ko=3,8071; 1, =7,5734; T1=0,535; T, =0,044.
3.1. Két qui mé phong
Két qua md phong duoc thé hién trong cac Hinh 8-11.

1.8
g A — — 8MC
STy \‘ ——FSMC
E %\
S 16 o~
8 W —e————
o \/
1.5
0 05 1 15 2 25 3
(s)

Hinh 8. So sanh goc link 1 & v tri TOP
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Hinh 9. So sanh gdc link 2 ¢ v tri TOP
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Hinh 10. Tin hiéu diéu khién cia SMC

o

o

'
o

Pién ap didu khién (V)

-
o
[=]
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Hinh 11. Tin higu diéu khién cia FSMC
Qua Hinh 8-9, ta thiy d¢ vot 16 cua FSMC nho hon so
vGi SMC. O Hinh 10, hién tugng “chattering” lam cho dién
ap dao déng xung quanh vi tri OV nhung & Hinh 11, hién
tuong “chattering” da bi loai bo hoan toan.
3.2. Két qud thwe nghiém
M® hinh pendubot thuc té dugc xay dung nhu Hinh 12.

b) Trang thai 6n dinh & v; tri TOP

a) Trang thai ngh/
Hinh 12. M6 hinh pendubot thyc té
Két qua thuc nghiém duoc thé hién trong Hinh 13-18.

1.62
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Hinh 13. Géc link 1 cia SMC
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Hinh 14. Géc link 1 cizia FSMC

goclink 2 (rad)

o 2 4 8 8 10
t(s)

Hinh 15. Géc link 2 ciza SMC
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goc link 2(rad)
o

-0.05

0 2 4 6 8 10
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Hinh 16. Géc link 2 cua FSMC

10

o]

-10

Bidn &p didu khidn (V)

-20

o 2 4 & 8 10
t(s)

Hinh 17. Tin higu diéu khién cia SMC
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o

-10
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-20
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Hinh 18. Tin hiéu diéu khién ciia FSMC
So sanh cac Hinh 13-11 va 15-16, ta thiy bién d¢ dao

dong link 1 va link 2 caa FSMC nhé hon SMC. Cu thé,
trong Hinh 13, link 1 cia SMC dao dong xung quanh vi tri

can bing (%j V6i bién do 0, 03radian I6n hon dao dong

cua link 1 cua FSMC - dao dong véi bién d6 +0,02 radian
- & Hinh 14. Bong thoi, & Hinh 15, link 2 cia SMC dao
dong véi bién d6 20,05 radian I6n hon link 2 - ing véi
FSMC dao déng véi bién @6 +0,03 radian - & Hinh 16.
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Ngoai ra, Hinh 17 ciing cho thay tin hi¢u diéu khién cua
SMC tap trung nhiéu & 2 bién (£20 V). G Hinh 18, tin hiéu
diéu khién cia FSMC it tap trung & hai bién hon SMC. Do
do, tin hiéu diéu khién caa FSMC 6n dinh va it dao dong
hon tin hi¢u diéu khién cia SMC.

Do thyc té, encoder dugc sir dung cho link 1 va link 2
¢6 do phan giai 1a 200 xung nén sai s6 do luong cua link 1
va link 2 lan Iuot 12 0,5° va 1° nén dap ing ngd ra cua hé
thdng dao dong nho quanh vi tri can bang.

4. Két ludn

Bai bao nay khing dinh lai phuong phap diéu khién
SMC cho hé SIMO néi chung. Sau d6, nhdm tac gia tng
dung giai thuat mo trong viéc tdi wu théng sé didu khién,
han ché hién twong “chattering” do bo diéu khién SMC gay
ra. Két qua md phong va thuc nghiém da chang minh bo
diéu khién FSMC da diéu khién t6t hé pendubot hon bd
diéu khién SMC don thuan. Do trong thuc té, viéc diéu
khién khong thé tranh khoi tac dong cua cac nhidu nén két
qua thuc nghiém cé khac biét so vai mé phong.
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