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Bd diéu khién trwot dwa trén mang no-ron ham co’ s&
Xuyén tam

Huynh Minh Vii
Trwdng Pai hoc Ky thudt - Céng nghé Can Tho

TOM TAT

Bé diéu khién truot cé wu diém la cd tinh 6n dinh, bén viing ngay cd khi hé théng cd nhiéu hodc khi d6i
twrong cé théng sé thay déi theo thoi gian. Tuy nhién, dé thiét ké duoc bé diéu khién truot, ngudi
thiét ké can biét chinh xdc mé hinh todn hoc cda déi twong diéu khién. Trong thuc té, van dé nay
khéng phdi luc nao ciing thuc hién duoc. Nghién ciru nay dé xudt mét gidi phdp la sit dung mang no-
ron ham co s& xuyén tdm dé wdc lwong cdc ham phi tuyén trong ludt diéu khién cia bé diéu khién
truot, gidi phdp nay duoc dp dung dé diéu khién mé hinh tay mdy mét béc tw do. Déng théi, tinh bén
vifng cta bé diéu khién dwoc ddnh gid bdng cdch thay déi vé tin hiéu tham chiéu, khéi lwong vét gdp
clatay mdy va duditdc déng cia nhiéu. V&i bé diéu khién nay duoc dp dung, ddp tng ctia tay mdy cé
dé vot 16 khéng ddng ké, luGt diéu khién khéng cé dao ddng va sai s6 xdc IGp tién vé zero. KEt quéd mé
phdng dwa trén phdn mém Simulink/MATLAB cho thdy hiéu quad cda phuong phdp diéu khién nay,
ngay khithéng s6 déi tuong thay déiva duditdc déng cia nhiéu.

Tir khéa: diéu khién trurot, ham co sé xuyén tdm (RBF), mang no-ron, diéu khién hé théng phi tuyén,

moé hinh héa

1.GIOI THIEU

Khdi niém dau tién vé diéu khién truot cho hé
théng bac hai duwoc dua ra bdi Emelyanov vao
cudi nhirng ndm 1960[1]. Sau d6 phuong phap
nay d3 dwgc nhiéu nha khoa hoc quan tdm hon
vi tinh 6n dinh, bén vitng d8i véi nhiéu va thay
d6i thdng s6 clia md hinh. Y tuwdng co ban cla
diéu khién truot 1a ép budc quy dao hé théng
hudng téi mét mat trwot va gitt nd trén bé mat
nay b&i mét luat chuyén déi (switching rule).
Diéu khién trwot lam giam bac cha hé théng, vi
vay dé dat dwoc dap ’ng mong mudn. Thém
vao dé, vdi dic tinh 6n dinh cao (robustness),
diéu khién truwot ddi pho tét vai tinh phi tuyén,
nhiéu va sai s6 mo6 hinh[2]. Tuy nhién, viéc thiét
k& bd diéu khién truwot doi hoi phai xac dinh
dwoc mo hinh todn cla d6i twong diéu khién
[3]. Trong nhitng ndm gan day, mét s6 gidi thuat
diéu khién thong minh d3 dugc dé nghi dé cai
tién bd diéu khién truot truyén théng. Cuthé la
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phuong phap diéu khién trugt sir dung mé hinh
m& Takagi-Sugeno dugc kiém chirng 1a phu hop
dé diéu khién md hinh tay mdy mot bac tu do.
Trong d6, mo hinh m& dwoc dung dé thay thé
ham sign trong luat diéu khién truot véi muc
dich giam dao déng quanh mat trwot [4]. Hon
nita, su k&t hop gitta mang no-ron va bé diéu
khién trwot cling mang lai hiéu qua diéu khién
v@i cac hé phi tuyén. Trong d6, mang no-ron
dung dé wdc lugng cadc ham phi tuyén cla bd
diéu khién trugt ap dung cho mé hinh tay may
babactwdo[5].

Trén thuc té, xac dinh dwoc md hinh toan cda
déi twong phi tuyén, ddc biét |a cac doi tuong
phi tuyén manh sé& gdp nhiéu kho khan va déi
lic khong dat dwoc két qua. Trong qua trinh
phat trién cla cac gidi thuat théng minh, mang
no-ron nhan tao dugc &ng dung réng rai trong
cac hé théng diéu khién vai vai trd xap xi cac
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thamsd batdinh.

Tay mdy cdng nghiép 1a mét trong nhirng doi
tuong dugc sir dung phd bién va mang lai hiéu
qua cao trong sanxudt, sinh hoat, ... nhung déng
thoi cling 1a d8i twgng cé tinh phi tuyén manh,
cac tham sé bat dinh I&n va chiu nhiéu tac dong
clia nhiéu. Song song véi viéc nang cao do chinh
xac trong cac khau lap ghép co khithi diéu khién
cling 1a mot van dé hét strc quan trong dé cai
thién dang ké chat lwong lam viéc cla tay may.
Hién nay cé nhiéu phuwong phép diéu khién da
duoc cdng bd va dp dung thanh cong cho tay
may [6]. Tuy nhién, dén nay bai toan diéu khién
robot van luén danh dugc nhidu sy quan tdm
cla cdc nha khoa hoc nghién ctru giai quyét dé
cai thién chat lvgng déng hoc cla tay mdy. Tay
mdy cong nghiép la d6i twgng phituyén nén rat
khé xac dinh dwoc chinh xdc cac théng sé do
lwdng taicicthdidiém nhatdinh[7].

Trong nghién ctru nay, 4p dung mang no-ron
ham co s& xuyén tam dé xap xi cac tham s6 bat
dinh cha bd diéu khién truot. K&t qua kiém
nghiém dwoc md phong trén phan mém
Simulink/MATLAB.

2. MO HINH TOAN HOC TAY MAY
Khao sat mo6 hinh may motbactu do, dwgctrinh
baynhuHinh 1.

/177777

Hinh 1. M6 hinh tay mdy mot bac ty do
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Tay may sé quay quanh truc nhd moment u, vi
tri O cta tay may dwoc xac dinh bang géc hop
b&i phwongthang dirng va phuong ctia tay may.
Nhw vy, usélangdvaodiéukhién hé tay méyva
0 1a ngd ra cla hé théng (don vi la radian). Gia
slr, thoi diém ban dau tay may chua gap vat, sau
khoang thoi gian t tay may s& gdp mot vat ndng
c6 khéilugng m.

Duva trén viéc phan tich phuong trinh Euler-
Lagrange, phuong trinh déng luc hoc cua tay
mdy motbacty do duocthiétlap nhu (1)[8].

(J+ml*)6+BO+(ml+M,)sin(0)=u (1)

Trongdé:J = lelé moment quan tinh ciacanh
tay, cadcthdng sé con lai ciamé hinh dugcmo ta
chitiétnhwtrongBang1.

Bang1.Théngsd md hinhtay may

Ki hiéu ¥ nghia Gid tri
M Khdi lwvgng cdnh tay 1kg
m Khdi lvong vat nang 0.1 kg
L Chiéu dai tay may 0.4m
L féhrzé;égncacuhctq%z?ng 0.15m
B Hé sd ma sat nhdt 0.2 kg.m?/s
g Gia téc trong trudng | 9.81 m?/s

(2)

_u- Bx,- (ml+Mi,)gsin(x,) 3

J +ml*

X

2

V@i x, x,lacacbiéntrangthdivangdray=60=x,.
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3. DIEU KHIEN MO HINH TAY MAY
3.1.Diéukhién truot

Dé dang thay duoc phuwong trinh (2) & dang bac
hai, nén taxét hé théng phituyén bac haicé dang
nhu (4).

xl x2
, 4
x, = f(60,0)+bu+d(t) @

Trong d6: £ (6, 0) 1a thanh phan phi tuyén; u s& [a
ngd vao diéu khién hé tay may va € 1a ngd ra cla
hé théng (b > 0); d(t) 1a thanh phan nhiéu cla hé
théng.

Goi e la tin hiéu 16i va x, 13 tin hiéu d3t cla md
hinh diéu khién, tacd (5).

e=x-x, (5)

Pinh nghia ham trugt bac hai nhuw phuong trinh
(6)[9].
s=é+Ae,A>0 (6)

Suy ratacé phuongtrinh (7).
s=é+Ae=Xx —X,+1e

- 1@ hurd e

§ = ksign(s) +d(6),k > 0 (8)

Tir phwong trinh (7) va (8) suy ra dwoc luat diéu
khién nhw phwong trinh (9).

u=%(—f+5c'd—/1é—ksign(s)) (9)

Thanh phan f trong phuong trinh (8) la thanh
phan phi tuyén bat dinh nén cé thé dung mét s6
thuat todn dé xap xi né, trong nghién cru nay dé
xuat s dung mang no-ron RBF dé xap xi f.

3.2. Xay dung bd diéu khién truot dya trén
mang no’-ron RBF

Goi / 13 gia tri xap xi clia f trong phwong trinh (9).
Mang no-ron RBF cé c3u tric duoc thiét ké nhu
Hinh 2 gilt vai trd xap xi gia tri ndi trén sao cho hé
kin &n dinh. Ngd vao cla mang no-ron RBF |3 gia
tri x =[e,...,€]", matrantrongsé 1a w=[w,,...,w, ]T
(i 13 s6 nut cua |&p an), ham kich hoat la ham
Gaussdugcdinh nghianhu (10)[10].
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2b;

1

h.(x) = exp {— ”ci _ x”z } (10)
i 2

V@i c,va b, la tdm va do6 réng cla ham Gauss tai
natth&icdaldp an.

~>

£,
e

—_—

Hinh 2. C4u truc mang RBF

Khi d6, ngd ra cha mang la gid tri xap xif duoc
tinhtheo congthirc (11)[10].

F=wh (11)
Ham 16i cla mang no-ron RBF duwoc trinh bay
nhu congthirc (12).

B0 = (f0-F0) (12)

Theo phwong phép Gradient Descent, trong sé
dwgccapnhatnhuwcéngthirc(13)va(14),véin
lahéséhoc(r7€(0,1)),alahésé momentum
(e €(0,1))[10].

0= =n(fO-FO)h  @3)

W) =w (t =) +aw; () +aw (=) -w(r~2) (14)

Saukhislrdungmangno-ron RBF dé x4p xi
thanh phan phi tuyén bat dinh, luat diéu
khién(9)céthéviétlaithanh(15).

| A ) )
u :Z(_f+xd —le—kmgn(s)) (15)

3.3.Kétqua mé phéng
Tién hanh kiém chirng dap ingcla bd diéu
khién duoc dé xuat, tdc gid chon cacthdng
sd khditaoclamang RBFnhu Bang 2 vacéac
gidtri A=10vak=0.1.
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Bang 2. Théng s khdi tao cla mang RBF dugc chon theo bang

Ki hiéu Y nghia Gia trj
, -1 -05 0 05 1
G Vector trong tdm cua mang RBF
-1 -05 0 05 1
n ~ ~ 2 ? n T
bj Hé s6 d6 md cua trung tam [5 555 5]
w Vector trong so [0.1 01 01 01 01 ]T
i S6 ngd vao mang 2
j S& no-ron I6p &n 5

Dé thay rd kha ndng didu khién cla bd dieu  gdpthayddivaduditicdongchanhiéu.
khién SMC dua trén mang no-ron RBF ] ]
(SMC_RBF), két qua méd phdng s& duwockh3osit  KEtqua mo phong clahé thdngkhitin hiéu ddtla
v@i cac tin hiéu dat khac nhau, khéi lwong vat hinh sin duocthé hién nhu Hinh 3.

0.1 Tin hiéu dat |-
Tin hiéu thyee
0.05 t J
S
g2 o -
—
-0.05
-0.1
0 o 10 15 20 20 30
Thoi gian(s)

Hinh 3. Dap (rng hé théng khi tin hiéu dat hinh sin

D& thay duoc hiéu qua cla bd diéu khién, tdc  nic. K&t qua mé phong duoc trinh bay nhu
gid thay ddi tin hiéu dat thanh tin hiéu ham Hinh4.

T T T T

0.5r Tin hiéu dat
Tin hiéu thue

0.4}
0.3r
0.2}

Theta

0.1
ot
0.1}

021
0 O 10 15 20 25 30
Thoi gian(s)
Hinh 4. B4p (rng hé théng khi tin hiéu dat 1a ham nac

i i i i i
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Tin hiéu diéu khién vdi tin hiéu d3t 13 ham nac cé
bién do tir-0.3 dén 0.7, dugc trinh bay & Hinh 5.

Két qud Hinh 4 va Hinh 5 cho thay hiéu qua diéu
khién cta bo diéu khién SMC_RBF khi tin hiéu dat
ham nac d3 qua bd loc twong déi t6t, ddm bao
cac tiéu chi chat lwgng hé théng nhu dé vot 19,
thoigian tang, thoigian xac lap va sai s6 xac lap.

Dé khao sat tinh bén virng cla bd diéu khién,

tac gia da gia sir khéi lvgng vat gap cla tay may
thay ddi theo thoi gian (dwgc trinh bay nhw
Hinh 6), cu thé 1a ban dau tay may s& hoat dong
khong tai, sau dé s& gap mdt vat ndng cé khai
lwgng m=0.1kg. Tr két qua mé phdng Hinh 7 va
Hinh 8 cho thay, tin hiéu diéu khién cé bi anh
hudng, tuy nhién tin hiéu thwec van bam tot vai
tin hiéu dat khi tay mdy chuyén tir trang thai
hoatdéngkhdngtaisangcotai.

0.8
0.6
=
ol
< 0.4
=3
“Q
B 0.2
=1
“<@-
i
£
[
-0.2
0.4 ' : - ' '
0 5 10 15 20 25 30
Thoi gian(s)
Hinh 5. Tin hiéu diéu khién khi tin hiéu dat Id ham nac
0.1 [ T T T T T
oo
=
£
0 1 1 1 | 1 ]
0 5 10 15 20 25 30
Time (seconds)
Hinh 6. Khdi lvgng cha vat gap thay d6i theo thoi gian
0.5} Tin hiéu dat
---------- Tin hiéu thyc
0.4} ]
0.3}
@ 0.2}
[4}]
i =
= 0.1
0 L
01¢F
02+
0 5 10 15 20 25 30
Thoi gian(s)

Hinh 7. B4p &ng hé théng khi tai trong thay déi theo thoi gian
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| =
.1

£ 05

=,
“Q

o

-

@

L

= 0

=

_0'5 1 L 'l 1 '
0 5 10 15 20 25 30
Thoi gian(s)

Hinh 8. Tin hiéu diéu khién khi hé théng tai trong thay doi
Dékiém tra hiéu qua cha bd diéu khiénduditic K&t qua moé phdng dugctrinh bay nhuw Hinh 9 va
doéng cla nhiéu, tac gid d3 gid st hé thdng chiu  tin hiéu diéu khién khi cé tac dong cla nhiéu
tdc dong b&inhiéu cé nhusau: d(t)=0.35sin(t).  dwoctrinh bay nhw Hinh 10.

0.5¢ Tin hiéu dat

---------- Tin hiéu thyc

0.4
0.3}
0.2

Theta

0.1
ol
-0.1
02}

L 1 I I

0 5 10 15 20 25 30

Thoigian(s)
Hinh 9. Ddp &ng hé théng khi cd nhiéu tac déng
08 T T T T T

z

Tin hiéu didu khién

0 5 10 15 20 25 30
Thoi gian(s) 3
Hinh 10. Tin hiéu diéu khién khi hé théng dudi tdc ddong cha nhiéu
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Nham khang dinh chat lwong ctia bo dieu khién
SMC_RBFtacgiddigiasirhéthéngganvdithuc
t& |3 tai trong sé thay d6i va tac dong bdi nhiéu.

K&t qua md phong va tin hiéu diéu khién khi hé
thdng co tai trong thay d6iva duditac déngcla
nhiéu duoctrinh bay nhwHinh 11vaHinh 12.

0.5r
0.4+
0.3r

0.2+

Theta

Tin higu dat
.......... Tin hiéu thuc

0 5 10

15 20 25 30

Thoi gian(s)

Hinh 11. Pap ng cla hé théng khi tai trong thay d&i va cé nhiéu tac dong

Tin hiéu didu khién

1

) 5 10

15 20 25 30

Thoi gian(s)

Hinh 12. Tin hiéu diéu khién khi hé théng tai trong thay d6i va cé nhiéu tac dong

Tlr cdc Hinh 9, 10, 11 va 12 cho th&y, khi tay may
chuyén tir trang thai khéng tai sang cd tai hay
chju tadc ddng ctia nhidu hay bj anh huéng clia c3
hai yéu t6 trén thi tin hiéu diéu khién sé bj anh
hudng, tuy nhién tin hiéu thuc van bam theo tin
hiéu tham khao.

Dé kiém chirng hiéu qua cla bd diéu khién khi bi
anh huwdng béi nhiéu, tac gia da gia |ap hé théng
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chiu tadc dong cla nhiéu trang (dwoc trinh bay
nhu Hinh 14). K&t qua mé phdng dugc trinh bay
nhu Hinh 13 mét [an nita khang dinh duwoc chat
lwong diéu khién cha bd diéu khién duwoc dé xuat
v&i mo hinh tay mdy mot bac ty do.

Hinh 15 mé td mat trwot cha bd diéu khién
SMC_RBF. Két qua cho thdy mat truot xac 1ap tai
lan can zerovabién dd dao déng khdng dang ké.
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05
04
0.3

0.2

Theta

0.1

0 S

-0.1

-0.2

s T hidhus A1
oooooooooo Tin hiéu thyc|

-0.3 * *
0 5 10

15 20 25 30

Théi gian (s)
Hinh 13. D4p (rng cla hé thdng khi tai trong thay di va cé nhiéu trang tac dong

0.2
‘g 0.1
s O
=
< 0.1
0.2
0 5 10 15 20 25 30
Time (seconds)
Hinh 14. Tin hiéu nhiéu trang
w 2 ) | | | |
°
2o
©
= 2 | ] ] i :
0 5 10 15 20 25 30
Time (seconds)
Hinh 15. Mt trugt cda bé diéu khién SMC_RBF
4.KETLUAN thé&, hiéu qua cda bd diéu khién SMC_RBF con

Trong nghién cru nay, tac gid da dé xuat mot
gidi phap dé t8i wu bd diéu khién truwot la dung
mangno-ron ham co s& xuyén tdm dé xap xi cac
thamsé phituyénbatdinh.

Cackét qua moé phdng cho thdy ddp tngthucté
bam tin hiéu dat rat tét vai dé vot 16 khdng dang
ké va sai sé xac lap gan nhu duwgc triét tiéu. Hon
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duoc kiém chirng khi diéu khién géc khdp cua
mo hinh tay may moét bac ty do bam theo tin
hiéu dat trudc ngay ca trong khi tai trong thay
déivadudisytacdong chanhiéu.

Hudng nghién clru tiép theo 1a dp dung bd
diéu khién duoc dé xuat vao mé hinh tay may
thuycté.
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Radial basis function neural networks based sliding

mode control

ABSTRACT

Huynh Minh Vu

The sliding mode control has strong point is the stability, robustness against disturbances or
variations of controlled plant. However, in order to design a sliding controller, the designer needs
to know exactly the mathematical model of the control plant. In practice, this problem is not
always possible. This study proposes a solution that is to use radial basis function neural networks
to estimate the nonlinear functions in the control law of the sliding controller, this solution is
applied to control the one degree of freedom manipulator model. At the same time, the
sustainability of the controller is assessed by changes in the reference signal, the weight of the
robot and under the influence of disturbances. With this controller applied, the response of the
manipulator has negligible overshoot, the control law without oscillation, and zero setting error.
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The simulation results based on Simulink/MATLAB software show the effectiveness of this control
method assoonastheobject parameterschange and underthe impact of disturbances.

Keywords: sliding mode control, radial basis function (RBF), neural networks, nonlinear system
control, systems modeling
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