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PIEU KHIEN TRUQT THICH NGHI HE PHI TUYEN
DUNG MANG NORON HAM CO SO XUYEN TAM

Nguyén Hodng Dﬁngl
ABSTRACT

The remarkable characteristic of sliding mode control is the robust stability with
disturbance and variable model parameters of the system. However to design the
controller, the exact model of the plant has to be known. In practically, the problem is
hard to solve. Moreover the large gain of an SMC may intensify the chattering on this
sliding surface. To improve the above drawbacks, in this paper, radial basis neural
network is used to estimate the nonlinear functions of sliding mode control and the gains
of the controller are mofified basing on Lyapunov stability theory. The radial basis
function neural network is considered as an adaptive controller. Weights of the network
are modified online due to the feedback output signals of the plant. And sliding mode
controller is used to complement approximation of errors to guarantee the stability of the
closed loop system. The above mentioned algorithm is applied to control three degree of
a freedom robot manipulator. With the novel controller, the response of the plant is flat,
non-overshoot, non-chattering and zero setting errvor. The method is tested with Matlab
simulation software.

Keywords: Neural network, radial basis function, nonlinear system control, system
modeling, robot manipulator

Title: Radial basis function neural network based adaptive sliding mode control for
nonlinear system

TOM TAT

Uu diém ciia bo diéu khién truwot la tinh on dinh bén vitng ngay cad khi hé th(fng nhiéu
hodic thong sé ciia mé hinh thay déi theo thoi gian. Tuy nhién, dé thiét ké dwoc bo diéu
khién truot, nguoi thiét ké can biét chinh xdc mé hinh ciia doi twong. Trong thuc 16, vin
de ‘nay khong phai lic nao cing thuc hién dwoc. Hon thé nita, doi voi bién d cua ludt
diéu khién truot néu khong dwoc lwa chon phu hop sé gdy ra hién tuong dao dong quanh
mdt truot. Dé giai quyet khé khan trén, bai bdo dé nghi sir dung mang noron ham co so
xuyén tam dé wéc lwong cdc ham phi tuyén trong ludt diéu khién treot va bién do ciia ludt
diéu khién truot dwoc tinh toan dwa trén ly thuyét on dinh Lyapunov. Mang ham co so
xuyén tam dong vai tro nhw mét bo diéu khién thich nghi. Cdc trong sé ciia mang digc
cdp nhdt truc tuyén dua trén cdc tin hiéu héi tié’p o ngo ra. Va bo diéu khién truot diroc
sir dung bii sai s6 xdp xi nham dam bdo hé kin on dinh. Giai thudt diéu khién nghién ciru
duwoc sé ap dung dé diéu khién hé tay may ba bdc tw do. Véi bé diéu khlen nay, dap ung
cua hé tay mdy: phang khéng cé d@é vot 16, khong c6 dao dong va sai s6 xdc ldp tién ve
zero. Két qua dieu khién dwoc kiém chirng bang phan mém mé phong Matlab.

Tix khéa: Mang noron, ham co' sé xuyén tim, diéu khién hé phi tuyén, mé hinh héa hé
thong, hé tay mdy

! Khoa Cong Nghé, Truong DPai hoc Cén Tho
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1 GIOI THIEU

Khai niém dau tién vé diéu khién truot cho hé thdng bac hai dugc nghién ciru
boi Emelyanov vao cudi nhimg nam 1960 (M. Onder Efe, Okyay Kaynak and
Bogdan M. Wilamowski, 2000), (M. Onder Efe, Okyay Kaynak, Xinghuo Yu and
Bogdan M. Wilamowski, 2001), (Wilfrid Peruquetti, and Jean Pierre Barbot,
2002), (Tran Quang Thuan, 2006). Sau do phuong phap nay da dugc nhiéu nha
khoa hoc quan tdm hon vi tinh bén ‘virng va tinh 6n dinh ngay ca khi c6 sy tac
dong cia nhidu ciing nhu sy thay doi théng s6 cia md hinh. Trong bai bao nay,
phuong phap diéu khién truot dugc dung dé diéu khién hé phi tuyén MIMO (Multi
input multi output).

Dé c6 duge bo dicu khién truot, nguoi thiét ké can xac dinh chinh xac mé
hinh cua d6i tuong. Tuy nhién, trong thuc té viéc xac dinh mo hinh khong phai luc
nao ciing thuc hién dugc. Do d6 dé giai quyét van dé nay, mang noron ham co s&
xuyén tdm RBFNN (Radial basis function neural network) dugc dung dé wdc
lugng cac ham phi tuyén trong luat diéu khién truot dya trén mé hinh cua d6i
tuong. DO loi tredc ham sign trong luét diéu khién truot dugce tinh toan theo tiéu
chuén 6n dinh Lyapunov. D¢ lgi nay néu khong duoc Iya chon thich hop rat dé
gdy ra hién tuong dao dong (Nasser Sadati, Rasoul Ghadami and Mahdi
Bagherpour, 2005).

Giai thuat trén s& dugc ap dung dé diéu khién hé tay may ba bac tu do. Day
1a hé phi tuyén MIMO rat khé diéu khién. D6i v6i ddi tuong nay, c6 mot sd nha
khoa hoc da nghién ctru nhu (Ayca Gokhan Ak and Galip Canserver, 2006) su
dung hai luat diéu khién (luat diéu khién twong duong va luat diéu khién chuyén
d6i) dé dua quy dao ciia hé thong quay vé mit trugt. Luat didu khién twong duong
dugc x4y dung bing mang RBENN va ludt didu khién chuyén d6i duoc thiét ké
dya trén logic mo; (Xie Jian and Li Zushu, 2003) da khao sat dic tinh dong hoc
cua hé tay may ba bac tg do. Muc dich cua bai bdo cua Xie Jian la nham mé phong
lai cac k§ nang phirc tap dbi voi nguoi luyén tap thé thao nhu vin nguoi, xich du,
giir thang bang trén hai tay va nhao 1on; (Subashini Elangovan and Peng-Yung
Woo, 2004) 4p dung giai thuat trugt md thich nghi dé diéu khién hé tay may ba
béac ty do. Trong bai bdo nay Subashini Elangovan da sir dung logic mo dé udc
lwong cac ham phi tuyén va nhidu ngoai nham loai boé dao dong trong bd didu
khién truot.

2 MO HINH HE TAY MAY BA BAC TU DO

Hé tay may ba bac tu do Ia ddi tugng dugc sir dung trong bai bao dé minh
chtng cho giai thuat didu khién truot thich nghi ding mang RBFNN. Dya trén
phuong trinh Euler-Lagrange, phuong trinh dong hoc ciia hé tay may dugc thiét ké
nhu sau:
M(0)0 + F(6,0)+G(0) +d(t) =u (1)
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Mll M12 M13 E
véi M=|M,, M,, M, | la vector quan tinh, F=|F,| la vector ma sat,
M3l M32 M33 F‘3
G, u
G =| G, | la vector trong luc, d(t) = 0.01.sin(0.06xt) 1a tin hi¢u nhiéu, u= u, | la
G, U,
6,
vector dién ap diéu khién va =6, | 1a vi tri goc ctia hé tay may,
63
trong do:

M,y =myl? +m,|I? + 12 + 21,1, cos(6,) | +
mfI2 + 12 + 12 + 20,1, cos(6,) + 21,1, cos(8, + 0,) + 21,1 cos(6;)}

My, = My, =m,|I% +1,1, cos(6,)]+
m|I2 + 12 + 11, cos(8, ) + 1,1, cos(8, +0,) + 21,1, cos(6) |

M,y =My, =my|i2 +1,1;cos(8, +6,) + L1 cos(6,)

My, =my2 +my |2 +12 +2L,1, cos(6,)}

M,y =My, = m,[I2 + 1,1, cos(6;)}

M, = m3l32,

F, = —(my + my)L,1,(260,0, + 62 )sin(0,) — m,1,1,(26,0, + 26,0, + 26,0, + 67 + 62)sin(6, + 6,) —
m,1,1,(26,6, + 26,0, + 62)sin(8,),

F, = (m, +my)0} sin(0,) + m,1,1,6} sin(0, + 6,) — m,1,1,(26,6, + 26,0, + 62)sin(6,),

F, = m,l,1,67 sin(6, + 6,) + m,1,1,(6, + 6,)* sin(6,),

G, =m,gl, cos(6,) + ng[l2 cos(6, +6,)+1, cos(@l)]+
m,gll, cos(,) +1, cos(6, +6,) + 1 cos(6, + 6, + ;)]

G, = m,gl, cos(6, + 6,) +m,gl, cos(, + 6,) +1, cos(, + 6, +6,)},

G, =m,gl, cos(6, + 6, +6,),
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Biang 1: C4c thong sb sir dung trong mé hinh hé tay may ba béc ty do

Ky hiéu Y nghia Giatri Donvi
m;  Khoi lugng cta khép 1 1 kg
m,  Khbi lugng cia khép 2 0.8 kg
m;  Khbi luong cua khép 3 0.5 kg

[ Chiéu dai cta khép 1 1 m
I, Chiéu dai cua khép 2 0.8 m
I;  Chiéu dai cua khép 3 0.6 m
g Gia tdc trong truong 9.81 m/s’

3 THIET KE BQ PIEU KHIEN TRUQT THICH NGHI CHO HE TAY
MAY DUNG MANG RBFNN
3.1 Bd diéu khién truot

Gia str hé phi tuyén duogc viét dudi dang phuong trinh trang thai nhu sau

xl
X,
: (2)
X, =X,

n—1

x, = f(x)+g(xu
trong do f{x) va g(x) 1a hai ham phi tuyén, x;(i =1,1) 12 cac bién trang thai.
Goi 64 1a dap ing mong muénﬂ cta hé tay mdy, 6 1a dap tng thuc cua hé tay may.
Muc ti€u cuia bai toan dieu khién la lam sao dua 6 ti€n dén 04 vdi sai sO nho nhat.
Phuong trinh sai s6 duoc thiét 1ap nhu sau:
e=60-6, 3)

Ham trugt duge dinh nghia sao cho h¢ kin on dinh va dap ung cta hé bam theo
quy dao chuéan.
s=é+ 1 e 4)

T

v6i 1 1a thoi hang ciia ham trugt va 1a hang s6 dwong duge chon trudc.
Tir (2) suy ra u=—— |- f£(x)+ 6] (5)
g(x)

2

Mat khac theo Lyapunov, chon m¢t ham xé&c dinh duong V:%S , Suy ra

V =s.5 <0 thi hé thdng da cho 6n dinh.
Chon s = —ksign(s) (6)
Bang 2 mé td ham ¥ xé4c dinh 4m va k dugc chon twong tng dé hé 6n dinh.
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Bing 2: Mdi quan hé giita k va s

s ik

>() <0 >0 <0
<0 >0 <0 <0
=0 =0 =0 =0
Gid tri k trong (5) phai dugc lya chon théa man bang 2.

Luét diéu khién truot téng quat cho hé¢ tay may ba bac ty do duoc thiét ké dua trén
(4), (5) va (6)

u= pr )[ f(x)+6, fe kszgn(s)} @)

3.2 Bj diéu khién thich nghi ding mang noron ham co sé xuyén tim

B diéu khién thich nghi dong vai trd udc lwong cac ham phi tuyén trong luét
didu khién truot va giit cho quy dao cua hé tay may bam theo quy dao chuan. Ngd

vao cua luat diéu khién 1a [49, 9] , ngod ra la luat diéu khién thich nghi 1a u,.. So dd

mang RBFNN dugc trinh bay trong hinh 1.
¥, 6.8

Hinh 1: Mang RBFNN
Trong do:
Luat diéu khién thich nghi 1a 4,.(6,0) = ¢y, (6.6)  (8)
Luat cap nhat trong sd 1a ¢, =0 'w,e  (9)
Véi Q. la ma tran xac dinh duong,
v, 0.0)=ly.0.0) v,0.0) « v,0.6]la ham co s&  Gauss,
¢, =[d, b, - &) 1athong sb cap nhat.

Ham co s¢ Gauss thir i duoc dinh nghia , = exp(— 0 =cy) +2(6 —cx)’ J (10)
ui é‘

i

Céc ham co sd Gauss dugc phan bo deu trong khong gian trang thai. DJ rong cia
cac ham co s Gauss dugc chon bang nhau ¢,=0.8 (i =1,9). Tam ctia ham co s& cy;
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(k=12) duoc trinh bay trong hinh 2. Sé diém tham chiéu duoc chon dwa trén
(Hui Peng ef al., 2003) va (Tran Quang Thuén, 2006).
8

Hinh 2: Vi tri tim ctia ham co s RBFNN

4 KET QUA MO PHONG

Luat diéu khién truot thich nghi dung mang RBFNN d diéu khién tot ddi tuong
hé tay may ba béc tu do ké ca truong hop c6 nhidu va thong s6 cua dbi twong thay
dbi theo thoi gian. Két qua didu khién cho thiy: dap tmg cua hé tay may phang va
bam theo tin hi¢u chuan mong mudn. Pap tng khong co vot 16, khong co dao dong
(xem Hinh 3), sai s6 xac 1ap tién dén l4an can zero (xem Hinh 7) va quy dao tién vé
mat trugt nhanh (xem Hinh 5).

Tin hiéu vao cta cac khép duge chon la ham ddc va léch pha nhau. Tai nhiing
thoi diém ma tin hiéu vao ciia mot khép thay doi trang thai dot ngdt khong 1am anh
hudng nhidu dén dap Gmg cua cac khdp con lai (xem Hinh 3). Gia sir trong qué
trinh tinh todn c6 sai s6 (khdi lugng cua cac khép thay doi, xem Hinh 6). Tai
nhimg thoi diém ma khdi luong cac khép thay d6i s& khong anh hudng dang ké
dén dap ung cua hé tay may. Co duge két qua nay 1 do bd diéu khién truot thich
nghi. B diéu khién nay hoat dong tdt 1a do mat truot cua hé théng duoc chon phu
hop va do loi k trudc ham sign trong luat diéu khién trugt dugc tinh toan dya trén
Iy thuyét 6n dinh Lyapunov.

Gia tri k dugc chon trong khoang [0.9, 25] va thoi hé“mg cua mat truot duogc
chon [0.03875, 0.9] sé cho két qua diéu khién t6t nhat. Néu mat truot khong duogc
chon phi hop (thoi hang trong ham trugt hodc d6 loi k truée ham sign) s& lam cho
dap ung ciia hé tay méay bi dao dong tai nhiing thoi diém ma trang thai cta tin higu
vao thay d6i mot cach dot ngot (xem Hinh 8).
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Amplitude[Deg] Amplitude[Deg]

Amplitude[Deg]

Truong Dai hoc Can Tho

Dap tmg ciia khép 1 bam theo tin hidu chudn véi do phu hop 91.938%

100 .
1
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Dap tng cuia khdp 2 bam theo tin hiéu chuan voi d§ phu hop 86.7108%
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Hinh 3: Dap ing ciia hé tay may bam theo tin hiéu chuén

Luat diéu khién khop 1
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Hinh 4: Luat

diéu Khién thich nghi
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Mat trieot khop 1

Truong Dai hoc Can Tho
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Hinh 5: Mat trwot clia hé tay may
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Hinh 6: Khdi lrgng ciia cac khép thay dbi theo thoi gian
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Sai s6 trén khop 1

5
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Hinh 7: Sai s6 xac lap
Dap ting cta khép 1 bam theo tin hidu chudn véi d6 phit hop 86.9763%
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_ Dap tmg cua khép 2 bam theo tin hidu chuén véi do phi hop 85.673%
3 100k = S
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%‘ \ —
3
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_ Pap tmg cua khép 1 bam theo tin hidu chuén véi do phi hop 79.914%
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Hinh 8: Pap tng ciia hé tay may bam theo tin hi¢u chuén

v6i k va T dwgc chon khong phu hop

5 KET LUAN

Bo diéu khién trugt thich nghi duoc thiét ké dua trén mang RBFNN c¢6 vai tro
dam bao cho dap rng cua hé tay may bam theo tin hi€u chuan. Va luat diéu khién
truot c6 tac dung bu sai s0 xap xi d€ dam bao h¢ kin on dinh.
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Trong bai bio nay, mang RBFNN duogc ding dé ude luong cac ham phi tuyén.
Pong thoi d6 loi trude ham sign trong luat didu khién truot ciing dugc hiéu chinh
dua trén 1y thuyét 6n dinh Lyapunov dé dam bao hé kin 6n dinh. Giai thuat nay
duogc ap dung dé diéu khién hé tay may ba bac ty do. Két qua thi nghiém cho thy
dap tmg cua tay may phang, khong cé vot 16, sai s6 xac 1ap tién dén 1an can zero.
bap tmg tay may bam theo quy dao mong mubn, ké ca trong truong hop c6 nhiéu
va thong sO ciia mo hinh doi tugng thay doi. Mang RBFNN véi luét cap nhat trong
s6 thich nghi da gitp cho bo didu khién thich img dwoc khi thong s6 ciia md hinh
thay d6i hodc c6 nhiéu can thiép vio.
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