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PIEU KHIEN TRUQT THiCH NGHI
DUNG MO HINH NORON MO

Nguyén Hodng Diing' va Dwong Hodi Nghia®
ABSTRACT

The remarkable feature of sliding mode control (SMC) is the stability robustness against
disturbances and variations of the system. However to design SMC, the exact model of the
plant has to be known. Moreover the large gain of an SMC may intensify the chattering
on the sliding surface. To cope with the above drawbacks, we propose to use a radial
basis function neural network (RBFNN) to estimate the plant model and to use a fuzzy
based gain for the SMC. This SMC gain is developed based on Lyapunov stability theory.
The proposed algorithm is applied to control a three degrees of freedom robot
manipulator, which is a complex MIMO (Multi input multi output) nonlinear system.
Simulation results are provided to illustrate the proposed method.
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Uu diém néi bdc ciia bo diéu khién trueot la tinh 6n dinh bén viing ngay cd khi hé thdng co
nhiéu hodc khi théng sé ciia doi tuong thay doi theo thoi gian. Tuy nhién, dé thiét ké dirgc
bg dzeu khién trueot, ngueoi thiét ké can biét chinh xdc mé hinh ciia doi tuong. Trong thuc
té, van dé ndy khéng phai lic nao ciing thiee hién dwoc. Hon thé nita, néu bién dé cia
ludt diéu khién trueot qud 16m sé gdy ra hién twong dao déng (chattering) quanh mdt trueot.
Pé gidi quyét khé khan trén, bai bdo dé nghi sir dung mang noron ham co s& xuyén tam
(RBFNN) dé wéc lwong triee tuyén cdc ham phi tuyén trong luqdt diéu khién. Va sir dung
logic mo* dé wée lwong bién do cua ludt diéu khién dwa vio Iy thuyét on dinh Lyapunov.
Gidi thudt dé nghi sé ap dung dé diéu khién hé tay may ba bdc ty do. Voi bo diéu khién

nay, dap wng cua hé tay may: do vot 16 + % +3%(Rad), thoi gian tang 5% 3%(s) va sai

$6 xdc ldp xdp xi 1%. Két qua diéu khién dwgc kiém chirng bang phan mém mé phong
Matlab.

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

1 GIOI THIEU

Khai niém dau tién vé diéu khién trugt cho hé théng bac hai dugc dua ra boi
Emelyanov vao cudi nhitng nim 1960 (M. Onder Efe et al., 2000; M. Onder Efe et
al., 2001; Wilfrid Perruquetti et al., 2002; Tran Quang Thuén, 2006). Sau do
phuong phap nay di duoc nhidu nha khoa hoc quan tim hon vi tinh 6n dinh bén
vitng d6i voi nhiéu va thay ddi thong s ciia mé hinh.
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Dé c6 duoc bd diéu khién truot, ngudi thiét phai biét chinh xac mé hinh déi
tuong. Trong thyc té, van dé nay khong phai luc nao ciing thyc hién duge. Do do6
dé giai quyet kho khan trén, chung t61 de nghi dung mang RBFNN dé udc lugng
truc tuyen cac ham phi tuyén trong ludt diéu khién. Ngoai ra néu bién do cua luat
diéu khién truot 16n, quy dao pha s& dao dong quanh mit truot (Nasser Sadati et al,
2005). Bé lam giam hién tugng dao dong, bai bao dé nghi st dung logic mo dé
udc lugng bién do cua luat diéu khién.

Giai thuat trén sé duoc ap dung dé diéu khién hé tay may ba bac ty do. Pay
1a hé phi tuyén MIMO. Déi voi dbi tuong nay, c6 mot sd nha khoa hoc da nghién
ctru nhu: (Ayca Gokhan Ak ef al., 2006) st dung luat dleu khién twong duong va
luat didu khién chuyén ddi dé dua quy dao pha quay vé& mit truot va duy tri on
dinh trén mat truot do; (Xie Jian et al., 2003) khao sat dic tinh dong hoc cua hé
tay may; (Subashini Elangovan et al.,2004) sit dung logic md dé udc lugng cac
ham phi tuyén va nhiéu nhdm loai bo dao dong trong bd didu khién truot.

2 MO HINH HE TAY MAY
M6 hinh dong hoc h¢ tay may 3 bac ty do nhu sau (Ayca Gokhan Ak et al., 2006)
M(0)6 + F(6,0)+G(0) +d(t) =u (1)
M, M, M;
véi M=|M,, M,, M,, | la ma tran quan tinh, F=[F, F, F3]T la vector ma sat,
M31 M32 M33
G=[G; G, Gs]" 1a vector trong luc, d(t) 1a tin hiéu nhidu, u=[u; u, us]" Ia vector tin
hiéu diéu khién, 6=[0, 6, 65]" 1a goc cac khép cua hé tay may,
M,, =M, =m, (12 +1,1,c08(0,))+ m, (12 +12 +1,1,cos(0,))+
+m,(I,1,cos(0, +86,)+21,1,cos(6,)),

M, =M, =m, (12 +1,1,c08(0, +0,))+m,],1cos(0,),
M, =m, 12 +m, (12 +12 +21,1,c08(0)),
M,, =M, = m3(1§ +1213cos(63)l
M,, =m,l;
F, = —(m, +m,)1,1,(26,0, +62)sin(0,) —m,1,1,gsin(0, +6,) -

—m,1,1,(26,0, + 26,0, +02)sin(d,),
q=26,0,+20,0, +20,0, + 07 + 67,
F, = (m, +m,)0} sin(6,) + m,1,1,67 sin(6, + 6,) —

—myl,1, (26,0, + 20,0, + 67)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, 005(91))+

+m,g(l, cos(6,) +1, cos(6, + 8,))+ m,g(l, cos(6, + 8, +6,)),
G, = m,gl, cos(6, + 6,) +m,g(l, cos(6, + 8,))+ m,g(l; cos(6, + 8, +6,)),
G, =m,gl, cos(6, + 6, +6,),
Céc thong s6 cta hé tay may:
m;=1kg lakhoi lugng cta khop 1,
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m,=0.8kg 1akhdi lwong cua khép 2,
m;=0.5kg 1a khéi luong cuia khép 3,
1,=1m 14 chiéu dai ctia khop 1,
1,=0.8m 1a chiéu dai ctia khop 2,
15=0.6m 1a chiéu dai ciia khép 3,
2=9.81 m/s” 14 gia tdc trong trudng.

3 PIEU KHIEN TRUQT THiCH NGHI DUNG MANG RBFNN VA LOGIC MO

3.1 Piéu khién truwot
Goi 04 1a dap tng mong mudn cua hé tay mdy, 0 13 ngd ra thuc cua hé tay may.
Muc tiéu diéu khién 1a dua 6 tién vé 6, voi sai s6 bé nhét. Dinh nghia sai s6 dicu
khién nhu (2).
e=0-04 2)
Mit truot s; (vOi i =1,3)
s, =¢é +ae,;, a>0 3)
Chon luét diéu khién u sao cho

S k,.sign(s,)
s=|$, |=— k,.sign(s,) 4)

83 ky.sign(sy)
Luét diéu khién truot

é]d —a, (61 - G,d )— ksign(s,)
u =[F0,0)+G©O)|+ M| b, - a,(0,-0,, )~ k,sign(s,) ()
63,, —a (63 - 63(,)7 kysign(s;)

v6i ki: bién do luat diéu khién khép thi i
3.2 Piéu khién truot mo
Bién d¢ cua luat diéu khién dugc udc luong truc tuyén bang hé suy dién mo véi
cac luat mo c6 dang sau:
IF s;is 4" THEN k;is B!", v6i i =13
trong d6 4" va B" la cac tap mo (Hinh 1).

-
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Hinh 1: Tap mo cia s; va k;
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Cac ham thanh vién dugc st dung 1a ham Gauss (Ayca Gokhan Ak ef al., 2006).

ﬂA(sf)=eXp[—(S"_a’J ] i=13 (©)
Ji

trong d6 o, G; lan luot 13 tam va do rong cia ham Gauss thir i.
Chon mot ham xac dinh duong

3
V= %Zsf 7
P

k, (8)

i

S;

. 3 3
Suyra V==Y s k.sign(s) ==Y
i=1

i=1
Do d6, luat mo duoc dinh nghia nhu sau:
IF |s,| is ZE THEN k; is ZE
IF |s,| is PS THEN k; is PS
IF \s,.\ is PM THEN k; is PM
IF \si\ is PB THEN k; is PB
v6i ZE: Zero, PS: Positive Small, PM: Positive Medium, PB: Positive Big
3.3 Piéu k’hién trugt dung mang RBFNN
H¢ phi tuyén dugce cho nhu (9)
x=f(x)+g(x)u
{ ~ )
Y =h(x)
VOl X=[X1, xz,...,xn]T lérvector trang thai, u 1a tin hi¢u vao, y la tin hiu ra, f(x) va
g(x)la cac ham phi tuyén mo ta dac tinh dong hoc ctia hé thong.
Gia str (10) khong chira u va (11) ¢o6 chira u.

r—1
izz L L)+ LY L (o (10)
% = L h(x)+ LY L h(xu (11)
vOi L h(x) = 6/;(x) f(x) 1a dao ham Lie theo phuong f(x) va L h(x) = Oh(x) g(x) 1a

l X X

dao ham Lie theo phuong g(x).
Tu (11) suy ra y) = a(x)+b(x)u (12)
Véi a(x) = LPh(x), b(x) = L§ VL, h(x)
Luat diéu khién u dwoc xac dinh sao cho y =(r) (13)
Véi v(t) 1a tin hiéu diéu khién méi.
Tir (12) va (13) suy ra
u'(x)= b(lx) [~ a(x)+v(1)] (14)

Luat didu khién v(t) dugc xac dinh dua trén phuong phap gan cuc voi phuong
trinh déc trung:

e +ke"V 4tk _e=0 (15)
VOl e(t) =y, (t) = y(1) (16)
va ki, ks,..., k..; dugc chon sao cho (15) c¢6 nghiém xac dinh am.
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T (13), (15) va (16) suy ra

YOO =)+ ke -tk e=0 (17)
hay v(t) =y (t) + ke +--+k, e (18)
Dit e, +ne, (t)=ke" ™ +---+k, e

Véi e (t)=e" " +ke" P +--+k,_e, m la hing s6 duong va e =e¢ —e”,
(Huynh Thai Hoang, 2006).

Luat diéu khién (14) dugc xap xi bang mang RBFNN i(x) = ¢y, (x) (19)
Trong d6 w, (x) 12 ham co sé Gauss, ¢, 1a trong s6 cap nhat sao cho 7 tién dén u.
Do u# duogc udc hro’ng bﬁng mang RBFNN v6i sb noron & lop 4n hiru han nén
khong tranh khoi sai s6. Goi 8,(x) 1a sai sO cau truc, ta cd

u () =4,"y,(x)+6,(x) (20)
Sai léch gitra @ vau’
a(x)—u" (x) =4,y (x) = 6,(x) (21)

V6i ¢ =@, —¢, sai sb thong sb woc lugng. Do co sai s6 cau triic nén luat didu

khién c6 dang sau [9]

u=u+u, (22)

v6i ug 14 luat diéu khién truot dugce chon sao cho hé kin 6n dinh.

Tu (12) suy ra

V7 = a(x) +b(x)u(?) (23)
= a(x) + b () + b()u() —u’ ()]

so sanh (14) va (23), ta co:

P = w0+ b —u’ (1) (24)
Sai s ngod ra dugc thiét lap
e =y =y (25)
Thay (24) vao (25)
e =~ —ne, b v, +b3, —bu, (26)
T (26) ta co
é, +ne, =—bg w, +bS, —bu, (27)
Chon ham xac dinh duong
Loy leg =
V=—el+= 28
2b eé + 2 ¢M Qll¢ll ( )
:>V—lee' - b e +470.4 (29)
b s°s 2b2 s u utu
V6i 4, = 4,, Q, 1a ma tran x4c dinh duong. Thay (27) vao (29)
2
V= e eu, +eo,
b | (30)
~ . b
+9, (Qu b, —v.e, )— B e
Dua trén (Huynh Thai Hoang, 2006) va (30) luat cap nhat thong s thich nghi
6, =0,'v.e, (31
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Thay (31) vao (30), ta co

2
14 :—%—el\,u‘\, +e] 0, _beze“}

Gt 2
2b° "

v6i [p(x} < D, , Dy 14 ham lién tuc (Huynh Théi Hong, 2006).

(32)

2
e
== 7717Y —eU + €

7 165

— . 2
Néu chon u, = (5,1 + 211))” jsign(es), (32) tré thanh 7V = —77% <0. Suy ra hé kin

6n dinh theo tiéu chuan Lyapunov. )
Mang RBFNN (Hinh 2) giir vai tro udc lugng cac ham phi tuyén trong luat
diéu khién sao cho hé kin 6n dinh. Ngd vao ctia mang 1a [6,,6. ]T, ngo ra la luat

diéu khién thich nghi u.. Trong sb duoc cap nhat truc tuyén dua trén (31).
¥, 8.6

Hinh 2: Mang RBFNN

v, = [‘//U Vo = Vo ]T ham co s¢ Gauss, ¢, = [¢1f b Do ]T 1a thong sb cap
nhat. Ham co s& Gauss thir j dugc dinh nghia nhu sau:

2 0 2
v exp[_ (0, —c,)) ;2(6[ -c,) ] (33)

voi j=1,9, do rong cua cic ham co s¢ Gauss dugc chon bang nhau o,=0.9 va ¢
(k=12)1a tdm ham co so.

3.4 Bj diéu khién trwot thich nghi dung mé hinh noron m&

Bo diéu khién truot thich nghi ding mé hinh noron mo 1a sy két hop gitra bo
didu khién truot md va bo diéu khién truot dung mang RBENN. Bo diéu khién u,
trong (22) dugc udc lugng tryc tuyén bang logic mo nham giam dao dong. Va
mang RBFNN s€ nhén dang luat diéu khién duya trén viéc uée luong cac ham phi
tuyén trong luat diéu khién sao cho hé kin dn dinh. So dd m6 ta bd diéu khién truot
thich nghi dung mé hinh noron m¢ dugc trinh bay trong (Hinh 3).
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8 e - am
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; Uée lugng on-line /

— A=0lwe

Hinh 3: So d6 diéu khién trwot thich nghi ding mé hinh noron méo

4 KET QUA MO PHONG

Khi cho nhiéu d(t)=0.01*sin(0.06nt) hodc nhiéu ngau nhién (cé trung binh
bang khéng, phwong sai 0.01, gia tri ban dau 1a ngdu nhién) tac dong 1én hé tay
may va thong s6 ddi tuong thay ddi nhu sau: khdi lugng khép 1 tang 50% tai thoi
diém 10s, khop 2 ting 10% tai 20s va khép 3 tang 20% tai 40s. Két qua cho thay,
dap g cua hé tay may khong c6 dao dong va vot 16, sai sé xac 1ap tién dén zero
(xem Bang 1). Do phu hop giita dap tng ciia hé tay may va tin hiéu chudn dat
96% (Hinh 4). Quy dao pha khong c6 hién twong dao dong quanh mat trugt (hinh
8). C6 dugc két qua nay 1a do sy ude lugng tryc tuyén ludt diéu khién u, sir dung
logic m¢ (Hinh 7) va nhén dang tryc tuyén luat diéu khién dya trén viéc wéc
luong cac ham phi tuyén dung mang RBFNN (Hinh 6). Luat diéu khién truot
thich nghi dung m6 hinh noron m¢ dugc trinh bay trong hinh 5.

Bing 1: Thong s6 chit lwgng ciia dap ing hé tay may

Khop | Khop 2 Khop 3
Overshoot % +3% (Rad) + % + 4% (Rad) + % + 4% (Rad)
Risetime 54+3%(s) 54+3%(s) 543%(s)
Ess 0.68% 1.24% 1.32%

The response of link1 tracking on desired reference signal with validate fitness 96.3775%

Amplitude[Rad]
N o
1
1
1
| i
° 3
2

Time [sec]

The response of link2 tracking on desired reference signal with validate fitness 95.5114%
2 I T

Amplitude[Rad]
X o
/T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
NCD
T

)

Time [sec]
The response of link3 tracking on deswed reference signal with validate fitness 95.4282%
2

I
| : I
T Y R |05 ||
|
|

Time [sec]

N

Amplitude[Rad]
o
r

Hinh 4: DPap @ng cia hé tay may
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Control law of link1

-50 1 |
0 50 100 150 200 250
Time [sec]

Control law of link2

Time [sec]
Control law of link3
50 T T T T
| | | |
o 0 -+ -
| | | |
-50 I 1 I |
0 50 100 150 200 250
Time [sec]

Hinh 5: Lujt didu khién u =1 +u,

Control law using RBFNN of Link 1

Time[sec]

Control law using RBFNN of Link

N

|
! 1
50 100 150 200 250

Time[sec]
Control law using RBFNN of link 3
10 ! ! ! !
o [ | |
) R i
o e — o
g | 4 | | |
-10 | | | I
50 100 150 200 250

Time[sec]

Hinh 6: Luat diéu khién thich nghi dwgc nhin dang bing mang RBFNN

Fuzzy sliding mode control law of Link 1

50 \ \ \ \
- | \l | |
g ° i T " 1
-50 1 1 1 1
0 50 100 150 200 250
Time[sec]
Fuzzy sliding mode control law of Link 2
50 \ \ \ \
| | | |
g 0 A P —f— .
| | | |
-50 | | | !
0 50 100 150 200 250
Time[sec]
Fuzzy sliding mode control law of link 3
50 \ \ \ \
o | | | |
%) 0 | " | | |
-50 1 1 1 1
0 50 100 150 200 250
Time[sec]

Hinh 7: Luat diéu khién trwet dwgc wée lwong bing logic mor
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Sliding function of link1

; | | |
| | | |
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Sliding function of link2
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Sliding function of link3
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i
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| |
I I
0 50 100 150 2 250

Time [sec]

Hinh 8: Mat truot ctia hé tay may

5 KET LUAN

B6 diéu khién truot thich nghi dung mé hinh noron mé da thé hién duogc tinh
thich nghi ca vé nhidu va thong s6 cua dbi twong thay doi theo thoi gian. Trong bo
diéu khién nay, ching t6i sir dung logic mo dé udc luong truc tuyén bién do luat
diéu khién nham han ché dao dong. Déng thoi stt dung mang RBFNN dé nhéan
dang luat diéu khién dya trén viéc ude lurong cac ham phi tuyén nhdm dam bao cho
hé kin 6n dinh.

V6i giai thuat diéu khién dé nghi, két qua mo phong cho thay, dap tmg ctia hé

tay may khong c6 dao dong va vot 16 + % +3%(Rad) , sai s6 xac 1ap xap xi 1%.
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