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TOM TAT

Bo diéu khién trugt thich nghi dwa vao mang no-ron RBF duoc thiét ké va thuc hién
trong bai bao nay. B diéu khién dé xuit duoc ap dung cho tay may 2 bac tu do ma di
duoc trién khai trong cac nganh san xuét vat liéu xay dung, luyén kim, ché tao co khi va
cong nghiép dong tau. Bo diéu khién truot thich nghi dya vao mang no-ron RBF duogc
thiét ké dé dam bao vi tri cac khdp cta tay may bam theo vi tri tham chiéu trong thoi gian
hitu han. Tinh 6n dinh cta hé thdng duoc ching minh bang 1y thuyét Lyapunov. Céac két
qua mo phong voi MATLAB/Simulink cho thdy hiéu qua cta bo diéu khién dé xuit véi
thoi gian tang, thoi gian xac 1ap, d6 vot 13, sai s6 xac lap cua link 1 1an luot 13 0.7708(s),
1.4254(s), 0.0559(%), O(rad) va cua link 2 1a 0.9253(s), 1.5655(s), 0.1138(%), O(rad).

Tir khoéa: hé tay may, diéu khién truot, mang RBF, MATLAB/Simulink

ABSTRACT

An adaptive sliding mode control (SMC) based on radial basis function neural
network (RBFNN) is designed and implemented in this paper. The proposed controller is
applied to a 2-degree-of-freedom manipulator that has been deployed in the construction
materials manufacturing, metallurgy, mechanical engineering and shipbuilding industries.
The adaptive SMC based on RBFNN is used to ensure the manipulator’s actual position
follows the desired in a finite time. The stability of the system is proven by Lyapunov
theory. Simulation results in MATLAB/Simulink show the effectiveness of the proposed
controller with the rising time, the settling time, the percent overshoot, the steady state
error of link 1 are 0.7708(s), 1.4254(s), 0.0559(%), O(rad) and link 2 are 0.9253(s),
1.5655(s), 0.1138(%), O(rad), respectively.

Keywords: manipulator, sliding mode control, RBF neural network, MATLAB/
Simulink
1. Giéi thi¢u tn it ning lugng va lam viéc trong nhiing

Tay may robot di duoc trién khai trong  MO1 truong khac nghict [1]. Mot yéu cau

cacnganh san xuat vat liéu xay dung, luyén
kim, ché tao co khi, cong nghiép déng tau
va mot vai linh vuc khéc véi uu diém do
chinh xac cao, thao tac 1ap lai lién tuc, tiéu

quan trong trong diéu khién tay may la
diéu khién chung bam theo quy dao mong
mudn. Trong qué trinh van hanh, cac théng
s6 clia tay mdy c6 thé bi thay doi dudi tac
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dong cua cac yéu to nhu tai trong va nhiéu,
dan tdi kha nang méat 6n dinh hodc mat
kiém soat. V&i wu diém vé tinh 6n dinh va
bén viing ngay ca khi hé thong co nhiéu
hodc khi thong s6 cua ddi tuong thay doi,
bo diéu khién trugt 14 mot lya chon tidu
biéu trong diéu khién tay may. Tuy nhién,
khi bién do cua luat diéu khién thay dbi
16m va véi tac dong cua ham déu, tin hiéu
diéu khién c6 thé bi dao dong (chattering),
kém 6n dinh va tac dong xau dén cac bod
drivers [2].

Pé khic phuc nhugc diém cua bo dicu
khién truot, nhiéu nha khoa hoc da nghién
ctru va dé xut két hop ky thuat didu khién
truot voi bo didu khién mo [4], dic biét 1a
két hop v6i bo diéu khién sir dung mang
no-ron [4]. Tuy nhién, bd diéu khién st
dung mang no-ron voéi thiét ké ¢ dinh
van chua du linh hoat, trong nhiéu truong
hop véan chwa dap tng duoc qua trinh didu
khién tay méy. Vi vay, k¥ thuat diéu khién
truot thich nghi str dung mang no-ron RBF
cho tay may da dugc mat s6 nha khoa hoc
quan tim nghién ctru va céng bd. Chang
han nhu: diéu khién truot thich nghi dua
vao mang no-ron RBF hé Quadrotor [5],
hé théng servo dién-thuy luc [6], robot di
dong da hudng [7], hé thng 2 bon tuwong
tac [8], can cau trén cao 2D khong chéc
chdn [9], hé théng bong va tAm nén [10],
bd loc cong suat tich cyc [11], nhiéu loan
phu thudc thoi gian va sy khong chic chin
[12], phuong tién bay siéu thanh [13].

Nghién ciru nay dé xuit va kiém chting
bo diéu khién truot thich nghi dwa vao
mang no-ron RBF 4p dung cho tay may 2
bac tu do dé dam bao vi tri cac khép cia
tay may bam theo vi tri tham chiéu trong
thoi gian hitu han. Mang no-ron RBF
duoc hudn luyén truc tuyén bang giai thuat
Gradient Descent va dugc xem nhu bo diéu
khién thich nghi.
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Bai bao duoc t6 chirc gdbm 5 phan: mé
hinh toan hoc cua tay may dugc trinh bay
trong phan 2, phan 3 trinh bay cac budc
thiét ké bo didu khién truot thich nghi
mang RBF, cac két qua mo phong va danh
gia duoc trinh bay trong phan 4 va phan 5
1a két luan.

2. Mo hinh toan hgc ciia tay may

Mo hinh h¢ tay may 2 bac ty do [14-
15] nhu Hinh 1.

Hinh 1. M6 hinh hé tay mdy 2 bdc tu' do
Phuong trinh dong hoc dugc mo ta nhu
():
H(q)§+C(q.9)4+G(q)=7—F(q4)-7, (1)
voi
H(q)- [pl P +2py00sq, Pyt py cosqz}
D, + P;€0s¢, 14
la ma tran quan tinh xéc dinh duong
C(q,q') _ {_p3'q.2 ?in 9 —Ps (% +q‘2)smq2}
Psgysing, 0
la ma tran quén tinh
| pagcosq, + psgcos(q, +4,)
G(q)=
psgeos(q, +4,)
la vector quan tinh
F(¢)=0.02sign(q) la luc ma sat,
z,=[0.2sinz 0.2sin¢]" 1a nhidu chua biét,
T . , T
q=[q, ¢,] lavectorgoc, v=[r, 1,]

la ngd vao di€u khién.
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Phuong trinh dong hoc tay may duoc
dic trung boi cac tinh chat sau [14]:

- Tinh chit 1: H(q) 1a ma tron déi
xung, gioi han, ma tran quan tinh xac dinh
dwong, cho biét hang s6 cd dinh m, va m,
, thi ton tai m I < H(q)<m,I

- Tinh chét 2: St dung mdt dinh nghia
ding vé ma tréin C(q.q§), cd 2 ma tran
H(q), C(q.q) 1a khong doc 1ap va thoa
man (2):

xT(H—2C)x=O (2)
voi x"(H—2C)x =0 la ma trin dbi
xtng nghich dao.

Tinh chit nay chi don gian dwoc goi 1a
lyc ly tuong duge dinh nghia béi C(q,4)q,
khong hoat dong trén hé thong. Tinh chit nay
duoc sir dung trong phan tich d 6n dinh.

- Tinh chat 3: C(q.4)la gi6i han,
diéu d6 c6 nghia 1a C, (q). thi ton tai
|ca.d)<C.(a)ld]

- Tinh chat 4: D6i v6i nhidu chua biét
7,7, || <z, 7,1a mot hang sé tich cuc.

3. Thiét ké b diéu khién truot thich
nghi mang RBF

3.1. Thiét ké bé diéu khién

Sai s6 bam dwoc dinh nghia nhu (3)
[14]:

e(t)=4,(t)-4(1) (3)
Trong do, q, (t) 1a vi tri mong mudn,
g () 1a vi tri thuc té ctia tay may.
Mat trugt duoc dinh nghia nhu (4):
s=e+Ile “4)

trong 6 I” 13 ma tran hiang sb xéc

dinh dwong d6i ximg va I' =I"" > 0,do d6
ta co:

q=—s+q,+1Ie (5)
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Hs=H(j, -+ T¢)=H(j, +Te)-Hj
=H(j,+Ié)+C4+G+F+r,-7 6)
=H(j,+I'¢)-Cs+C(§,+Te)+G+F +7,-7

=—Cs-1+ f+1,

trong do
f(x)=H(§,+Ie)+C(q,+Ie)+G+F

Trong ky thudt, f(x)van chua dugc
biét va do do, can phai xap xi f(x). Mang
RBF duoc thyc hién dé xap xi f (x) Ngo
vao cua mang dugc chon dya trén bicu thure
cia f(x) nhu (7):

x= [eT e’ q) 4 qﬂ (7)

Bo diéu khién dugc thiét ké nhu (8):

1=f(x)+KVs (8)
trong d6 la K, la ma tran hang s6 xac
dinh duong doi xtmg, f(x) la ngd ra cua
mang RBF. f(x) laxap xi cua f(x).
Tur phuong trinh (8) va (6), ta ¢6 (9):
Hs = —Cs—f(x)—KVs+f(x)+td
=(K, +C)s+ f(x)+1,

=—(K,+C)s+g,

)

trong do
F(x)=1(x)-1(x).6=F(x)+2,.
Ham Lyapunov dugc dinh nghia nhu
(10): 1
V= EsTHs (10)
Thé (9) vao dao ham cua (10), ta co:
V= sTHSHLlsTHs
’ (11)
=—s'K,s+—s" (H—ZC)s+sTg;)
2
=s'c,—s"K,s

Phuong trinh (11) chi ra rang, v6i K P
su 6n dinh cta hé théng diéu khién phu
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thude vao g, tirc 1a phu thudc vao doé chinh
xac xap xi vabiénddcua 7, .
Mang RBF c6 thé duogc thuc hlen e

xap xi f (x). Thuat todn mong muén cua
mang RBF la:

¢ =g(|x-cl 1o7).i
y=W7'p(x).f(x)=W"p(x)+s

trong d6 1a x trang thai dau vao cua

mang, ¢(x)=[¢4 ¢, 4], & saisb
xap xi cila mang no-ron, 1a W vector trong
sO cua mong mubn mang RBF.

=1,2,...n
(12)

Ngo ra cua mang RBF la:
f(x)zWTw(x) (13)
Tachon: W=W"-W, <W_.

Do do, ta c6

S :f(x)+z'd ZWTq)(x)JreJer (14)

B6 diéu khién dugc thiét ké nhu (15):
1:f(x)+KVs—v (15)

voi v la yéu té bén viing can thiet dé
khac phuc sai sO xap xi ¢ cua mang va
nhicu 7, .

Tt phuong trinh. (15) va (6) ta co (16):

Hs=—(K, +C)s+W'p(x)+(e+1,)+v

=—(K,+C)s+g (16)

=W'p(x)+(e+7,)+v.
Thanh phan bén ving v duoc thiét ké
nhu (17):

trong do ¢
v=—(&y+b,)sign(s)  (17)

trong do ||g| < &,.||z,||<b, -
3.2. Phan tich 6n dinh

Ham Lyapunov dugc dinh nghia nhu

(18):

_1 T 1 T 191
V=ss Hs+51‘r(W FWW) (18)
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Trong d6 Hva F,la cic ma tran
duong.

Do do, ta co:
V=s"Hs+ %STHS +%tr(WTFW1W;/) (19)
Tur phuong trinh (16), ta c6 (20)

V:—sTKVs+lsT (H—ZC)S+
’ (20)

uw’ (F,;llff+ os’ ) +s'(e+7,4+v)

Do tay may co dac tinh 1a s ( ZC)s 0.
Chon p — _ F,ps"> nghia la luat thich nghi
cua mang nhu (21):

W - F,ps" @1

Do do, ta c6 (22):
V=—s5"K,s+s" (e+7,+v) (22)

Vi
s (e+z,+v)=5"(e+7,)+s'v
(e+2,09)=+ (o+5) o
=s"(e+7,)-|s|(ey +5,)<0

Néntaco (24)

V<0 (24)

4. Két qua md phéng va danh gia

So d6 mo phong bo diéu khién dé xuat
trong MATLAB/Simulink nhu Hinh 2.

Mux ASMC_RBFNN e_tay_ma
emux|

Hinh 2. So d6 mé phdng bé diéu khién dé xudt trong
MATLAB/Simulink

Ngo_vao

Cac thong sd dugc s dung trong mod
phong nhu sau [14]: K, =diag{20,20},

Fy =diag{1515}, p=[p, p, ps Py D]
=[29 076 0.87 3.04 0.87], b=0.2>
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I =diag{5,5}, &,=02, b,=0.1, s6 no-ron
& 16p an cua mang RBF 13 7 no-ron va

—15 -1 =05 0 05 1 1.5]
-15 -1 =05 0 05 1 1.5
c=0.1x|-1.5 -1 =05 0 05 1 1.5
-15 -1 =05 0 05 1 1.5
-15 -1 -05 0 05 1 1.5]

Dap tmg vi tri va sai s6 cua link 1 va
2 v6i ngd vao q, =q,, =1(rad) dugc
trinh bay nhu Hinh 3 va Hinh 4. Két qua
tir Hinh 3 va Hinh 4 cho thiy rang vi tri
thuc té ctia link 1 (g,) va 2 (g,) tién vé vi
tri mong muén q, va q,, trong thoi gian
hiru han véi thoi gian tang, thoi gian xac
1ap, do vot 16, sai sb xac 1ap cua link 1 lan
luot 1a 0.7708(s), 1.4254(s), 0.0559(%),
O(rad) va cua link 2 12 0.9253(s), 1.5655(s),
0.1138(%), O(rad). Céc chi tiéu nay dugc
trinh bay ¢ Bang 1.

Pap wrng vi tri caa link 1

=
.8
S05¢
e == =9
= 9
0 \ . . .
0 2 4 6 8 10
Sai s6 vi tri caa link 1
. r . .
E‘, 1 el
=
=
=051
s
g
Z of
el 1 L 1 1
0 2 4 6 8 10
Thoi gian(s)
N Vs ”, . re hY . rd 2 .
Hinh 3. Bdp ting vi triva sai sé cta link 1
Pap wng vi tri caa link 1
=
g
% 0.5
= - -~
= 4
0 . . . .
0 2 4 6 8 10
Sai s6 vi tri cia link 1
— T : ;
€
E 1 1
=
.8
= 05¢
k1
g
Z of
e} L L 1 1
0 2 4 6 8 10

Thoi gian(s)

Hinh 4. Bdp dng vi tri va sai s6 cia link 2
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Pap &ng vi tri link 1 véi ngd vao since

- =Ay
!

Vi trf link 1(rad)
(=}

0 5 10 15 20

Pap tng vi tri link 2 véi ngd vao since

Vi trf link 2(rad)
[=]

0 5 10 15 20
Thoi gian(s)
Hinh 5. Bdp iing vi tri va sai sé cia link 1 véi
ngé vao since

05 Pap Gng tée df link 1 véi ngd vao since

Téc d6 link 1(rad/s)
(=}

0 S 10 15 20

Pap Gng tée df link 2 véi ngd vao since

Tdc d¢ link 2(rad/s)

0 ; 1‘0 1‘5 20
Thoi gian(s)
Hinh 6. Ddp tng vi tri va sai s6 caa link 2 véi
ngé vao since
Bang 1. Céac chi tiéu chat lugng cua
bo dieéu khién dé xuat

Chi | Thoi | Thoi Sai s6
tieu | gian | gian |DPQ vot| xac
chit | ting |xaclap|16 (%) | lap
lwgng |  (5) (s) (rad)
g, |0.7708 | 1.425410.0559| 0
g, [0.9253]1.5655|0.1138 0

Dap Gng vi tri va sai s6 cta link 1 va 2
véingd vao q,, =q,, =0.1sint(rad) dugc
trinh bay nhu Hinh 5. Vi trf thuc té cta link
1 va 2 van hoi tu vé vi tri tham chiéu trong
thoi gian hitu han véi sai s6 hoi tu vé 0.
Hinh 6 trinh bay téc do bam vi tri cia tay
may. Téc do thuce té cia link 1 va 2 van hoi
tu vé vi tri mong mudn. Cac két qua nay
chimg to bo diéu khién dé xuit phi hop voi
g dung diéu khién bam vi tri hé tay may.
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Tin hiéu diéu khién link 1 va 2 véi ngd
vao since dugc trinh bay nhu Hinh 7. Céc
tin hiéu nay phu hop dé diéu khién vi tri
cua h¢ tay may dat dugc vi tri mong mubn
trong thoi gian hiru han.

5 Tin hi¢u diéu khién link 1 véi ngé vao since

40 |
g

20

Tin hiéu diéu khién link 2 véi ngé vao since

0 5 10 15 20
Thoi gian(s) .

Hinh 7. Tin hiéu diéu khién link 1 va 2

v@ingé vao since
B0 Két qué xép xi ham f sir dung mang no-ron RBF
T T : )
mong muon
.......... < i
e ol
20 H
10
0 . . .
0 5 10 15 20
Thoi gian(s)

Hinh 8. Két qud xdp xi ham f (x) s&t dung mang
no-ron RBF
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Hinh 8 trinh bay két qua xdp xi ham
flx) trong luat diéu khién (15). Mang no-
ron RBF di xdp xi hiéu qua ham fix) véi
sai sO x4p xi hoi tu vé 0. N6 gop phan tao
nén bd diéu khién phu hop cho hé tay may.

Tt cac két qua dat duoc thong qua mod
phong trong MATLAB/Simulink da chung
minh sy pht hop va hiéu qua trong diéu
khién bam vi tri hé tay may 2 bac tu do.

5. Két luan

Bai bao da thiét ké bo diéu khién truot
thich nghi dya vao mang no-ron RBF ap
dung cho tay may 2 béc ty do. Tinh 6n dinh
ctia hé théng da dwoc ching minh bang 1y
thuyét Lyapunov. Mang no-ron RBF da
chung t6 hiéu qua trong xp xi ham f{x)
trong ludt diéu khién dé xuét véi céac trong
s6 cua mang duoc cap nhat tryc tuyén béng
giai thudt Gradient Descent. Cac két qua mo
phong trong MATLAB/Simulink véi ngd
vao 1(rad) va 0.1sint(rad) di cho thiy
hiéu qua ctia bd diéu khién dé xuit véi thoi
gian tang, thoi gian xac 1ap, do vot 16, sai
sO xac 1ap cua link 1 1an luot 13 0.7708(s),
1.4254(s), 0.0559(%), O(rad) va cua link 2
1a 0.9253(s), 1.5655(s), 0.1138(%), O(rad).
Tuy nhién, phuong phép diéu khién nay
van con xuat hién do vot 15. Trong thoi
gian t6i, nhém nghién ctru s& tién hanh
thue hién cac giai thuat diéu khién t6i uu
dé cai thién chét luong diéu khién cho hé
tay may.
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