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Tém tit: So v6i cac giai thuat tuyén tinh thi giai thuat phi tuyén dam bao 6n dinh hé thong vé
mat toan hoc ciing nhu khong gian 1am viéc t6t hon, dac biét trong viéc diéu khién quy dao.
Trong bai bao nay, chiing t6i xdy dung mot bd diéu khién (BDK) truot (sliding mode control —
SMC) bam quy dao véi thong s6 didu khién duoc tim kiém theo giai thuat di truyén (genetic
algorithm - GA) cho hé bong thanh (ball and beam - B&B) truc 1éch — hé théng mot vao nhiéu
ra (single input-multi output - SIMO) dién hinh. Sau d6, chiing t6i ciing tién hanh khao sat BDK
trén thong qua mo hinh thyc nghiém B&B truc 1éch thue nghiém dung vi xtt 1i STM32F4. Thong
qua md phong va thuc nghiém, BPK SMC bam quy dao ctia chiing t6i da thanh cong diéu khién
hé théng trén.

Tw khéa: Bong thanh truc léch, diéu khién truot; gidi thudt di truyén; hé thé'ng SIM
Abstract: Compared with linear algorithms, nonlinear algorithms ensure the system stability
in terms of mathematics as well as better working space, especially in controlling the
trajectories. In this paper, we build SMC controller with control parameters searched by GA for
B&B with deviated axis — a classical SIMO. Thence, we also investigate this controller through

experimental model by processor STM32F4. Through simulation and experiment, our
trajectories tracking SMC controller is successful for this model.

Keywords: Ball and Beam with deviated axis, genetic algorithm,; SIMO system; Sliding mode
control

1. Pit vain dé dinh hé thong duoc dam bao bang toan
Trong cac phong thi nghiém (PTN) didu hoc. Tuy nhién su on dinh chi ’dién ra
khién tu dong (PKTD), nhimg BPK khac ~ trong “lan can” diém vlém viéc. Néu vung
nhau duoc nghién ctru rat nhiéu dé gip “lérn can” flufi xa diém lam Viécvthi h¢
ngudi thiét ké chon dugc BDPK phu hop  thong ~sé mat On dinh. Vi vay, viéc 6n dinh
voi hé thdng va tinh chinh cho mdi déi tai cho sir dung hai giai thuat nay ciing
twong phd hop. Giai thuat didu khién chua hpén tofin ‘Eha‘lnh cong. Trong trudong
tuyén tinh PID [1][2] ¢6 cAu tric don gian, ~hop di€u khién 6n dinh bam theo quy dao
tuy nhién viéc hiéu chinh thong s6 PID  cho trude thi giai thuat tuyén tinh PID va
hoan toan dya vao thir sai. Diéu nay khién ~ LQR cang khong phu hop do hai giai thuat
cho viéc 6n dinh hé thong gip nhiéu trg ~ don gidn nay chi thich hop dé thuc hién
ngai va khong duoc dam bao vé toan hoc. on c?inh tai cho - truong hop riéng cua dié}l
Giai thudt LQR [3] khic phuc dugc Kkhién bam quy dao. Mot cach giai quyet
khuyét diém trén do giai thuat nay thuc khé’ thi cho bai toan na‘ly’ la giéiﬂthuét phi
hién viéc giai phuwong trinh Riccati, on tuyén. Giai thuat phi tuyén c6 thé dam bao
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vé mit toan hoc thong qua tiéu chuan 6n
dinh Lyapunov [4], ddm bao khong gian
lam viéc trén toan hé thong. Do do, chiing
t6i hudng dén viéc ap dung giai thuat phi
tuyén [5] dé diéu khién quy dao cho hé
thong. Trong cic giai thuat phi tuyén thi
giai thuat SMC [6] 1a théng dung nhat. O
dé tai nay, hudng tiép can cua ching toi 1
ap dung gidi thuat SMC trén hé SIMO
dién hinh [7] - hé B&B truc 1éch.

Trong bai bao nay, vi xu li STM32F4
dugc dung dé giam chi phi. Viéc tim kiém
thong s6 cho BDK SMC dya vao GA [8].
Thong qua mo phong va thyc nghi€ém,
tinh hi¢u qua cua gidi thuat SMC trong
viéc didu khién quy dao cua hé théng da
da duogc chirng minh.

2. M6 hinh toan B&B truc léch

MBS hinh toan caa B&B truc 1éch dugc thé
hién & Hinh 1.

Hinh 1. Hé B&B truc léch

Hé théng gdm mot thanh ngang (thanh
beam), mdt qua bong (ball), mot dong co
DC, cam bién doc vi tri qua bong (cam
bién siéu 4m hoidc day dién trd) va xac
dinh gdoc nghiéng ctia thanh (encoder hodc
cam bién d6 nghiéng). Ta diéu khién vi tri
clia qua bong trén thanh bang cach thay
d6i goc nghiéng cua thanh beam so voi
phuong ngang thong qua dong co DC.
Pay 1a mot hé thong c6 tinh phi tuyén cao,
dudi tac dong cua trong lyc, voi mot goc
nghiéng nhd cua thanh thi qua bong s€ lan
rat nhanh va kho gilr lai ¢ vi tri can béng.
Su 6n dinh cua hé khéng chi phu thudc
vao cau tric hay théng s6 hé thong ma con
dwa vao tin hiéu ddu vao — dién ap cip cho
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dong co. Phuong trinh dong luc hoc cua

hé B&B truc 1éch c6 thé viét nhu sau:
—(2T,K, —2eK, K, + 26K, K| (1)
+4cmy, 1t + Lgm, coso

+2gm,reosoc+ 2C GK,P)

m

Z(mBrz +J,+J K.f)

— (R (—myré® + gmﬁ\sinu)) 2)
(m, R+ J,)
K/ dt
K="tK=—K=Lx" ()
R R d

m i

Trong d6, a (t) 1a goc cua thanh so voi
phuong ngang (rad); » (z) 1a vi tri qua bong
(m); @ () 1a gbc banh rang dong co (rad);
d 14 ban kinh cua dia quay (m); g 12 gia toc
trong trudng (m/s2); mp 1a khdi luong cua
qua bong (kg); mp 13 khdi lwong cta thanh
beam (kg); L la chiéu dai thanh beam (m);
1a ban kinh qua béng (m); e 1a dién ap cp
cho dong co (V); J» 1a moment quan tinh
cua thanh beam (kgm2); Jz 1a moment
quén tinh cua quéa bong (kgm?2).
3. Thiét ké BPK SMC bam quy dao
Ta xét h¢ SIMO c6 dang nhu sau:
Xy =Xy 3)
X, =f+gu
Xéc 1ap trang thai mau cho hé:
.

Xq= [xld Koy Xag Xyg ] “4)
Trong do, x1d—, x2d, x3d, x4d 1a cac quy
dao dat cua cac bién trang thai x1, x2, x3,
x4. Trong do, x2d-=x3d=x4d=0 con x1d
la ham theo thoi gian tuy thudc quy dao
ma ta mong mudn quéa béng bam theo.
Sai s6 gitra trang thai thuc va mau 1a :
e,(1=1,2,3)=xi—x4 (6)
5=8,+¢, [ (%) + g, (x)u; — &, ]Dét
cac mat truot:

5 T8 T C,8, 8, =8, 00,18, =5, TC,8,y (7)
Trong d6 c¢,,c,,c,,c, 1a cac thong sb diéu
khién.
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Pao ham cac mat truot theo thoi gian:

51="~"L(~"ft—j€d}+ce(ﬁ(*‘-’]_jfeff) (8)
§=5+c(x—x,) ©)
33=32+54(‘2(*"}"'82[*"]“3_-;"4::} (10)

bién ap diéu khién cho ting mat truot
duoc dinh nghia nhu sau:

Up = Uy T Ugypy (1)

Cho % =0 tr (10) ta dugc :
G (% _*;‘m)+"~‘z(f|(*")_~’-‘2¢r)
|+ —xy)
- e (6 (x)- %) (12)
e 8 (x)

Ham Lyapunov c6 dang:

V=s/2 (13)
Pao ham V=

V= s, (19

5=G6+ "ﬁ-!éﬁ +oe+GE

=% -k )+ el f(x)- kg )+ alx-x,)

+6 [ £(x)+ g (¥ + ) - i) (15)

=G (& = kg )+ o £4) = &y )+ 0 = x4)

+o, [ £ X)= &, )+ €8, () (1) + €8, (%) ()
Thay (12) vao (15) ta duogc :

$y =68 (%) (16)

Theo nguyén Iy 6n dinh ctia Lyapunov, do
V la ham xac dinh duong, nén V bit budc
phai 1a ham xé4c dinh am. Do d0, ta dit:

s=dspsign(s) S an
Vi k, np 1a nhitng hang s0 duong. K&t qua
la:

V[I) =5, [-Ics3 -r;ls;'gn[:s_‘ )) = -ks_f -r;l|53| <0
Théa méan nguyé,n 1y 6n dinh cua
Lyapunov. Khi ay, ta co:

(18)

—ks; —n s.r'gn(53 )
oo =

T e

Tin hiéu diéu khién SMC la:

-1 n
u, = _Zuswl +lgy, + Zueql
=1 =1

Voi:

(19)

(20)

_(quz —C Xy 0K,

y = +c,f, —c,x,, +¢,x,) 21
B €482
—(nsien(s.) + ks.
u,, = (nsign(s,) 3) 22)
Cy82

4. M6 phéng va thue nghiém diéu khién
SMC bam quy dao

4.1. M6 phéng trén Matlab

O phan mé phong, ta s& so sanh két qua
cua cac BDK LQR va SMC bam quy dao
cho trudce. Quy dao dat trude cho hé théng
la quy dao hinh sin véi setpoint = 0.2, bién
@ 0.1 do va tan s6 0.314 Hz.

Ta c6 thdng s6 mé hinh & ca mo phoéng va
thuc nghiém la:

m=0.0664 (kg); M=0.34 (kg); L=0.54
(m); d=0.075 (m); g=9.81 (m/s?);
R=0.0125 (m); Jb=(M*L"2)/3 (kgm?);
JB=(2*m*R"2)/5 (kgm?);

Chon gi4 tri dau cua hé thong la:

r(0)=0.54; =0, a= 01319, &a=0 (23)

]
; 1
;
|
} - )
| e

|2} | . =
7 -

Hinh 3. M6 phéng BDK SMC
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A=

1)

-

| -~

Hinh 4. M6 phéng BDK LQR

Trong moé phong, thoi gian mdé phong
dugc chon 1a 100s, thoi gian 1lay mau la
0.01s. Tur d6 suy ra s0 mau lay dugc 1a :
N=100(s)/0.01(ms)+1=10001(mau) (24)

Mdi bo thong s ma GA tim ra dugc
mo phdng trong 100s dé tinh toadn ra ham
thich nghi. Nhu vay, cac thong so dicu
khién dugc t6i uvu héa dan theo thoi gian,
den sau 50000 the hé thi dung lai.
Céc thong s6 giai thuat GA dugc chon la
- 86 thé hé tdi da: 100
- S6 luong ca thé: 100
- S6 lwong nhidm séc thé trong mot ¢4 thé:
6
- Hé s6 lai ghép: 0,4
- Hé s6 dot bién: 0,6
- Kiéu ma hoa: ma hoa thap phan
- Kiéu chon loc: chon loc sép hang tuyén
tinh
- Kiéu lai ghép: lai ghép hai diém
- Chon ham muc tiéu:

J= Zn:[f'l (1) f‘l? (@) +e(1 e; (9] (25)

Gia tri cua J phu thudc vao sai s6 quy dao
theo thoi gian mo phong. Trong dé tai nay
1 sai s6 giira vi tri qua bong voi gid tri dat
va d¢ dao dong cua goc 1éch thanh beam.
Hé thdng cang 6n dinh J s& cang nho.
Trong trudong hop yéu cau chit luong
khéc di thi viéc dinh nghia lai ham muc
tiéu J o (25) sé€ khac di.

122

Thong s BPK SMC tim duoc tir GA 1a:
cl =-17.6144; c2 =-32.3936
c3 =44.6674; c4 = 49.3216
k =38.2924; nuy = 15.9393
Thong s6 BPK LQR tim dugce tir GA la:

(26)

7965 0 0 0
0- 0 19582 0 0
- 0 0 29269 0
0 0 0  246.14
R=034-K[-5899 -50.82 154.81 21.94]
0.55. — LQR |-
0.5 - — . Sine |
e SNC |

0o 10 20 30 40 50 60 70 80 90 lbO
Time (s)

Hinh 5. Bap ung tri qua bong (m)

O Hinh 5, dap tng vi tri qua bong dudi su
diéu khién ctia SMC dao d6ng manh trong
khoang 5s dau tién, sau d6 bam theo quy
dao dit. Co thé thdy bo diéu khién SMC
1am hé théng khong c6 do tré nhung c6 do
sai 1¢ch so véi quy dao dit, tuy nhién sai
s6 1a rat nho. Trong khi d6, BPK LQR
lam hé théng it dao dong hon nhung lam
hé théng dap tng tré hon khoang 1s va ¢
sai s6 16n hon so véi quy dao dat. O gidy
thr 15, sai s6 13 0.06 (m).

Két qua nay ching minh rang BDK phi
tuyén SMC cho két qua diéu khién bam
quy dao t6t hon hin so v6i BPK tuyén
tinh LQR. DPiéu nay c6 duoc 1a do quy dao
dat da dugc dua vao trong qua trinh thiét
ké, tinh toan mit truot. Vi vay két qua cho
thay hé thong khong c6 d6 tré khi ap dung
BDK SMC. Con BDK LQR Ia giai thuat
tuyén tinh ap dung diéu khién 6n dinh tai
diém cén bang, dé diéu khién bam quy dao
ta chi c6 thé chu dong lam 1éch gia tri dat
bang cach iy bién trang thai x1 trudc khi
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duogc dua vao bd diéu khién LQR s& dugc
trir di mot gia tri twong Gmg trong khéi quy
dao dat, tir d6 tao ra mot bién trang thai x1
hoan toan mai. Tuy nhién viéc dam bao
toan hoc cho phuong phap nay cé thé bi
anh huong, diéu nay duoc thé hién qua do
tré va sai s6 cia BDK LQR trong Hinh 5.

0.15

—— 1QR

P e R e s SMC

0.05 i

.-%%.-

0 i

-0.05

-0.1

10 20 30 40 50 60 70 80 90 100

Time' (9
Hinh 6. Bap tng goc 1éch thanh beam (rad)
O Hinh 6, BBK SMC lam goc thanh beam
dao dong manh trong khoang -0.097 rad
cho dén 0.077 rad. BDK LQR cho d6 dao
dong ban dau it hon, chi tir -0.04 rad cho
dén 0.01 rad. Tuy nhién, ca hai BDK déu
khién thanh beam dao dong quanh vi tri
can bang chir khong hoan toan dimg yén.

—— LQR
SMC

Lormrnweua
l:l.‘

0O 10 20 30 40 50 60 70 8O 90 100
Time (s)

Hinh 7. Dap tmg dién ap cip cho dong co
V)
O Hinh 7, dién ap cip cho dong co dao
dong trong khoang 2.1V dén 5.7V khi 4p
dung BDK SMC. Trong khi d6 ap dung
BPK LQR thi dién ap cép cho dong co
dao dong it hon.

Nhu vay, thong qua mé phong bam
quy dao hinh sin, c6 thé thiy BDK SMC
cho thdy kha ning bam quy dao thanh
cong va tét hon. Tuy nhién SMC khong
cai thién dugc do vot 16 ciing nhu thoi
gian qua d¢ so véi BDK LQR.

4.2. M6 hinh thwe nghiém
M06 hinh thyc nghiém dugc ap dung 1a mé
hinh B&B truc léch cua PTN DBKTD

HCMUTE [9]. M6 hinh ¢6 c4u trac nhu &
Hinh 8.

Hinh 8. M6 hinh thyc nghiém B&B truc 1éch
(1) Thanh beam; (2) Motor; (3) Stm32£407;
(4) Driver; (5) Nguon 12V; (6) Level arm
Ta tién hanh chay thuc té cho bd diéu
khién SMC bam quy dao voi thong so

diéu khién nhu sau:
cl=-17.6144; c2=-32.3936;
c3=44.6674; c4=49.3216;
k=38.2924; nuy = 15.9393
Va cac két qua thyc nghiém dugc trinh
bay & Hinh 9 va Hinh 10.

0.55 — T - Setpoint

0.5 ‘ — Position Ball
0. f \ h n f !
033 U I \/\N\f J \J\/\

27

3 a4
Time (s)

Hinh 9. Vi tri qua bong (m) (quy dao dat 1a
nét dut do; quy dao vi tri hon bi 1a nét lién
xanh)

O Hinh 9, c6 thé thiy thiy BPK SMC da
tao song sin thanh cong nhung hé théng
van chua thyc su bam hoan toan theo quy

dao dat.
0.15 [— Angle Beam|

A AT

-0.05
-0.1
-0.15|
[6)

1 2 3 4 5 7
Time (s)

Hinh 10. DBap tng goéc thanh beam (rad)
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O Hinh 10, két qua cho thay goc thanh

beam d3 dao dong 6n dinh trong khoang -

0.02 rad dén 0.1 rad, tao ra dang song sin

theo vi tri qua bong. Nhu vay, thong qua

két qua thyc nghiém, nhin chung BPK

SMC da thanh cong trong viéc tao ra quy

dao song sin, tir d6 goc thanh beam cling

di chuyén theo quy dao ctia qua bong. Tuy

nhién chat luong diéu khién chua thyc su

t6t do hé thong van chua bam theo quy
dao dat.

5. Két ludn

Trong bai bao ndy, chung toi da thiét ké

mot BPK SMC bam quy dao hinh sin cho

hé B&B truc léch. Thong sé6 mo phong
dugc tim ra bang GA. Két qua mo phong
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