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TOMTAT

Bai bao thiét ké bd quan sat bén viing thich nghi dwa vao mang no-ron nhan tao
(mang no-ron ham co sé xuyén tdm) cho robot lién két don. Mang no-ron RBF dugc str
dung dé udc luong cac ham phi tuyén chua biét trong phuong trinh toan hoc ciia robot.
Céc trong s6 cia mang no-ron dugc cip nhat truc tuyén. Véi bo quan sat mang no-ron, bo
diéu khién thich nghi tdc d6 c6 thé dugc thuc hién ma khong can thong tin cua mo6 hinh.
Tinh 6n dinh cta sai s6 wéc luong trang thai da duoc phan tich. Cac két qua mo phong
trong MATLAB/Simulink di cho thay hi¢u qua ciia bo quan sat bén viing thich nghi mang
no-ron vai sai s6 ude lugng tién vé 0.

Tw khéa: b quan sat, mang no-ron nhan tao, thich nghi, robot, MATLAB/Simulink

ABSTRACT

This article designs an adaptive robust observer based on an artificial neural network
(radial basis function neural network) for a single link robot. The RBF neural network
is used to estimate unknown nonlinear functions in the robot’s mathematical equations.
The weights of the neural network are updated online. With a neural network observer,
speedless adaptive control can be implemented without model information. The stability
of the state estimation error was analyzed. The simulation results in MATLAB/Simulink
have shown the effectiveness of the neural network adaptive robust observer with the
estimation error approaching 0.

Keywords: observer, artificial neural network, adaptive, robot, MATLAB/Simulink
1. Giéi thic¢u va nha may thay thé ngudi lao dong trong
nhiing cong viéc nguy hiém, don diéu va
phuc tap [1]. Robot ciing nhim dam bao
hoat dong chinh xac, nhanh chong va tiét

Robot cong nghi¢p (tay may robot) la
mot tay may da chirc nang, cé the dugce lap
trinh dé thuc hién cac nhiém vu nguy hiém

va/hoac lap di ldp lai véi do chinh xéc cao
[1]. Tay may robot hién nay déng vai tro
quan trong trong cac nganh cong nghiép

kiém [1], [2].

Trong thuc té, ly thuyét diéu khién
thuong dugc day véi gia dinh c6 san cac tin
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hiéu dé hoi tiép. Tuy nhién, cam bién vat ly
c¢6 nhitng nhuge diém c6 thé lam suy giam
hé thdng diéu khién [3]. Bo quan sat c6 thé
dugc str dung dé ting cudng hoic thay thé
cac cam bién trong hé thdng dicu khién.
Day 1a cac thuat toan két hop cac tin hiéu
duoc cam nhan véi kién thirc khac vé hé
thng diéu khién dé tao ra cac tin hiéu quan
sat dugc nham gidm chi phi va cai thi¢n do
tin cdy, déng thoi cai thién chét luong tin
hiéu dén tir cac cam bién, cho phép ning
cao hiéu suit diéu khién.

Céc kiéu quan sat khac nhau cho robot
da duogc nhiéu nha khoa hoc quan tam
nghién ctru va cong bd, chang han nhu bd
quan sat nhiéu truot thich nghi (ASMDO
- Adaptive sliding mode disturbance
observer) dua vao diéu khién bén viing
cho tay may robot huéng téi hd trg lip
rap [4], phuong phap ASMDO loai bo t6t
anh huéng ctia nhiéu dinh ky hodc nhiéu
c¢b dinh. Tuy nhién, trong [4] chi tap trung
quan sat nhiéu dé 1am giam anh hudng cia
cac nhiéu loan gdp lai. B6 quan sat khoang
thich nghi mang no-ron cho hé phi tuyén
béc hai [5], mang no-ron dugc két hop véi
bd quan sat khoang dé udc luong khoang
trang thai khong do dugc, mang no-ron
ham siéu co ban (HBFNN - Hyper basis
function neural network) duoc str dung dé
ude lugng gidi han dudi va gidi han trén
ctia ham phi tuyén chua biét. Bo quan sat
no-ron thich nghi (ANNO - adaptive neural
network observer) dua vao diéu khién truot
cubn chiéu cho tay may robot 2 bac ty do
[6], b6 ANNO duoc sir dung dé giam anh
huong cua su bat dinh va nhiéu ngoai, cac
két qua x4p xi dya trén bd quan sat nhidu
dé xudt cho thay riang nhidu loan gop co thé
duoc theo do1 mot cach hiéu qua. B quan
sat dn dinh chu dong st dung mang no-ron
nhan tao dé twong tac vat ly truc quan giita
con nguoi va robot [7], phuong phép phan
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tich théng ké tin hiéu cam bién (lyc va van
tdc) va mang no-ron nhan tao nhiéu 16p c6
kha ning bu phuong phap tiép can thong
ké tin hiéu cam bién dé ddm bao nhan dang
rung dong trong thoi gian thyc, cac két qua
thuc nghiém cua nghién ctru da cho két
luan rang bd quan sat rung dong tich cuc,
dua trén cach tiép c4n mang no-ron nhan
tao, cung cap kha niang phat hién va giam
thiéu chinh xéc rung dong co hoc hon la
phan tich théng ké.

Muc ti€u ctuia nghién cuu nay la khao
sat va danh gid hi€u qua cua by quan sat
bén vimng thich nghi sir dung mang no-ron
nhan tao (RBF: Radial Basis Function) ap
dung cho robot lién két don. Phuong phap
dé xuit duoc sir dung dé udc lugng cac
trang thai x, x, (trong [5] chi udéc lugng
khoang trang thai) va cac ham phi tuyén
chua biét (trong [5] ciing chi wdc luong
gi61 han dudi va gioi han trén ctia cac ham
phi tuyén) trong phuong trinh todn hoc ciia
robot.

Bai bao duoc t6 chirc gdm 4 phan: mo
hinh toan hoc cua robot dugc trinh bay
trong phan 2, phan 3 trinh bay phuong
phap thiét ké bd quan sat bén ving thich
nghi mang no-ron nhan tao va két luan 1a
phan 4.

2. M6 hinh toan hgc cia robot

MB& hinh robot lién két don dat trong mat
phang thang ding nhu Hinh 1 va phuong
trinh toan hoc cua robot nhu (1) [8], [9]:

.1 .
Jq+2mgls1n(q)—u 0
y=q

trong d6, g 1a goc, u 1a ngd vao diéu
khién momen xodn, J la momen quan
tinh, g 1a gia toc trong truong, m 1a khoi
luong va 7 1a chiéu dai ciia thanh.
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m

4
Hinh 1. M6 hinh robot
Dit cac bién trang thai nhu (2) sau:
R
Thé (2) vao (1), ta dugc (3):

Jx, +%mglsin(xl) =u

3)
y=x
Khong gian trang thai cua robot lién
két don nhu (4) sau:

MR et

y=x
bat: ( )
__lmglsin X,
S(x)= ST (3)
1
g(x)—j (6)

Phuong trinh toan hoc cua robot lién
két don voi nhicu duge biéu dien nhu (7):

{x= Ax+b(f(x)+g(x)u+d(t))

o (7)
y=C'x

1
trong do, x:[x1 x2]T, A={O }

o[, e<[!], atr-o, 100

f(x) va
g(x) nhu (5) va (6). Cac cong thic nay
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s& dugc str dung dé thiét ké bd quan sat bén
virng thich nghi mang no-ron nhéan tao cho
robot lién két don ¢ Phan 3.

3. Thiét ké by quan sat bén virng
thich nghi mang no-ron nhén tao

3.1. Phén tich va thiét ké

B quan sit mang no-ron RBF cho
robot lién két don dugc cho nhu (7) [8]:

k= Af+b(f &)+ (R)u+v(r))+ K (y-C"%)8)
y=C'x

trong do, x la gia tri quan sé;[ cia
K 1a vector d6 loi, K=[k, k|, /(%)
va g(x) 1a uée lugng cua f(x)va g( ),
v(#) la thanh phan bén vimg.

Mang no-ron (neural network: NN)
dugc sir dung dé uoc lugng f(x) va g(x)
trong (8). Cac ham phi tuyén lién tuc chwa
biét trong hé théng co thé dugc biéu dién
bang mang RBF véi cac trong s ly tudong
khong doi W * va du s6 lugng cac ham co
SO h(x), do la:

(x)=W" h(x)+z(x), &(x)<e

(x)=W2* h, (x)+52(x), &, (x)sgz, ©)

trong do, ¢, (x) va &, (x) 1 cac sai s6
tai cau triic mang no-ron.
Gia st cac trong s6 mong mudn W,
va W, bi gidi han boi cac gia tri da bit la:
W (10)
Céc u6e luong ham NN cua f(x) va
g(x) duoc cho boi:
S(%) =Wl ()
gA(’A‘) =W,h, (’AC)
trong do, Wl va W2 1a gia tri trong s
u6e luong, W, =W, -W, (i=1.2).

<W,,, i=12

il

(11)

Pé chirg minh do 6n dinh ctia bd quan
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sat RBF thich nghi, nghién ctru gia su ngd
vao diéu khién u(7) bi gi6i han boi hang
s duong |u(t)| <u,. BO quan sat duoc
thiét ké nhu sau:

x _gn AT LY o e

x—Aerb(W1 b +W, hyu—v, v2)+K(y Cx)(lZ)

j=C"x

trong d6, thanh phan bén viing duoc

cho béi:

v()=-D=, i=1,2  (13)
|7
v6i D, = po,,, D, > p,o,u,,

o, =0, [L_l(s)] max[] la gié tri don
1¢ 16n nhat. L_l( ) 1a ham truyén thich
hop véi cac cuc on dinh, va L(s) duoc
chon sao cho H (s)L(s) la SPR (Strictly
Positive Real).
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Vi=FRy-eEGW
W, = F,hyu—-x,F,

trong do, F, F', x,>0, i=12.

Sai s6 wéc lugng trang thai .i?(t) va
cac sai s udc lugng trong s6 NN W, (t)
va W, (1) 1a UUB

Bay gio, nghién ctru tién hanh phan
tich 6n dinh ctia x trong 2 budc nhu sau:

Buoc 1: Nghiém cua x

Phuong trinh (12) ¢6 thé dugc viét lai
nhu sau:

=(A-KC")%+bi
Nghiém ctia X =(A—KCT).§: la:

(15)

1
A-KCT )dr

i:(t)=.§t(0)e£

. .y (16)
Luat thich nghi cua RBF duogc thiét ké Nén nghiém cia (15) la:
nhu sau: )
(4-KC )t (4-KCT)ar ¢ (4-KC" )z
i(t)=5c(0)e£ +e£ I I dr (17)
j(A—KCT)dt 0
Chon @(1,0)=e , ||x (1) | < vi>0  (20)
IA ~KC" )i~ J‘ (4-KCT)a Trong do,
@(t,r) =e° 0 R . B
Jal; -| 8

phuong trinh (17) tré thanh:

fc( ) Q(t 0 pr tr bu( )dr (18)
Do do:
e.([ (a-KCT )ar- { (4-KC")a _ e(A_KC,)e(H)
= 7)o KE (70 moe_a(H) (19)

Trong d6, m,=e A=)y = KCT, nén
(1, T) dugc bao boi mye ) voi m, va
a 1a cac hing s6 duong.

Buoc 2: Phan tich hoi tu cua x

Tu B6 dé 2 [8] va (15):

a

+[W;h2 +w, +¢€2]u+a’+v1 +v,
2

Dinh nghia:

c=w+&+[w, 6 urd+v +v, (21)
Nén
”i‘”Z = HWITI;1 + WZT Azu + ch

< HWlTl;1 Z +HW2TI;2u Z +¢, (22)
Vo1 ||c||j <c
vi

[ ], <[], [, (23)
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J<ll; = \/je“(”)xT (r)x(r)dr (24)
0
Nén:
A e N O ijeaMmdf e W
0 0
i fe et o
1 L - e 1
= | - < e
Tuong ty. c, = l;z /1_e—at u,.
N AP T s
W/ hu , S |W2T||F ﬁC’é (26) ~ aLuC flj}; 1 -
trong do, c: :||I;1||m, ”u”z < |’/Vl Fﬁc; -|'||W2 Fﬁcé-’_c;l 27)
5 Thé (27) vao (20), ta duoc:
<k (”W'T i%"% ud i%% +c"‘j=c3 +(C4+°’5 ], +co . F)La (28)

Trong d6, ¢; =k, ¢, =kyc;, ¢5 =kyc;
¢, =k,cg, c,,C5,¢4 12 cdc hang so6 duong.

3.2. Két qud va théo ludn

So d6 mo phong b quan sat mang no-
ron RBF bén viing thich nghi (AR-RBF-0)
cho robot trong MATLAB/Simulink dugc
trinh bay nhu Hinh 2.

u(t) x. X, f(x), g(x)
Input »| Robot T »
Y | flx) Mux £ ! xp
g(x) g Mux g
> 3, L
X,
—P Mux| ! F
P Mux p{ Oserver_Robot
—> » R
» Mux || RBF_Robot f(x), &(x)

(O—

t

Céc thong sb ciia hé théng nhu sau:
m = l(kg), | = 1(m), J = 0,5(kgm?) va
2=9,8(m/s?). Cac thong so cua b AR-RBF-O

nhu sau: L’l(s) %3, K:[SOO 900],
s

88

F, =diag[5x10° |,  F,=diag|5x10"]
K =K,=0,001, D=2,0, x(0)=[0 0,5]',
%(0)=[0,1 0], u(t)=sin(20¢)+cos(20t),
d(t) =0, gia trj trong s6 ban ddu 12 0. Ngd
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khoang -0,0035 dén 0,0011-Hinh 4b). Thoi
gian tang va sai sO udc luong véi bd AR-
RBF-O ap dung cho robot dugc trinh bay

A ~ 17 ’
vao cua mang RBF la [x1 xz] vO1 cau
trac 2-7-1, cac ham Gauss la

1 X
cl=§[—3 -2 -1 01 2 3], nhu Bang 1.
2 Bang 1. Thoi gian tdng va sai so woc luong
c,=—|-3 -2 -1 01 2 3 voi bo AR-RBF-O ap dung cho robot
2 3 B s p 3 g
. Tin | Thoi gian C A,
b,=5,j=1...,7. qn T hots Sai s0 wéc lwgng
hi¢u | ting (ms)
~ o _ })a'lpI'I'ngI.I'l'n:lu'(_r’ngc|'mxI 1 _ xl 588’63 1 0
X thue te
3 _uelumgeinx . 377.994 Dao dong trong khoang
& 0L s A
H \/ \/ 2 ’ -0,0035 @én 0,0011
£
R : . : : v | | 175,99 Dao dong trong khoang
® ’ -0,5 @n 0,5
Sai $6 wée lugng ciia x 1
02 A 2
' ' ' ' 31371 Dao dong trong khoang
Y | | (8] 3L 1.8 dén 2.4
0 s Pip img wic legng ciia f(x)
0 > 2 s 8 10 - T N T
(b) 0 Vs \ ! N, 'd ) l N |
Thasi gian (s) ~§ \!
X -5 %
Hinh 3. Ddp g va sai sé uéc lugng ciia x, = = =gt
10 | udce luong cua f(x)
L Pap g wie lwgng cia x 2 0 2 4 6 8 10
! ; . @
) — -Xz thue © e )
§ , b luong cia x , 1 Sai s0 woe lwong ciia f(x)
£
=
§ . ‘ \.\/J W ~§ 0 B SN SN BV S
a0 2 4 6 8 o 2
@ -10 L
Sai s wére lugng ciia x B 0 2 4 6 8 10
0.2 , (b)
‘ Thoi gian(s)
Rl Hinh 5. Ddp tng va sai sé udc luong cia f(x)
-02 Dap ing wée lugng cia g(x)

0 2 4 6 8 10
® 2
Thoi gian(s) < 0
. g 2 -
Hinh 4. Ddp ting va sai s6 udc luong clia x, ® . -- 'g‘,x),““'"“ ¢ ©
e laomg ot g6
Dap ng va sai s6 udc lugng cua x, (Vi ‘ ’ e ) b
tri) va x, (toc d9) v6i bd quan st bén viing os Sai 56 wie lrgng;cia 500
thich nghi mang no-ron RBF dugc trinh
bay nhu Hinh 3 va Hinh 4. Tin hiéu uéc £ °
) N A A \ A
lwong cua x hdi tu vé x, thue t€ (Hinh 3a) s

v6i sai s6 tién vé 0 (Hinh 3b), twong ty tin
hi¢u udc luong cua x, hoi tu vé x, thuc t€
(Hinh 4a) véi sai s6 dao dong nho (trong Hinh 6. Ddp ting va sai s6 uéc lugng cia g(x)

Thoi gian(s)
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Hinh 5 va Hinh 6 biéu dién dap tng va

sai s6 udc luong cua f{x) va g(x). Quan sat
Hinh 5 va Hinh 6 ta thdy rang sai s6 khong
dang ké xuat hién trong viéc udc luong
fix) va g(x). Nguyén nhan sai sé tham s6
khong hoi tu c6 thé duoc giai thich baoi
sy don gidn cia nhiém vu bam: vi¢c bam
tiém can c6 thé dat duge bﬁng nhiei:u gia
tri c6 thé ¢ cua tham s uGe tinh J, 7 ;
bén canh tham sb thuc J, m. Vi vay, tham
s6 luat thich nghi khong ban tam dén viéc
tim ra thong sb thuc su. Mat khac, su hoi
tu cua sai s6 tham s6 do d6 phuc tap cua
nhiém vu bam.

Pap ing wic hrgng cia x 1 khi m=2(kg)

02 T T

x  thuc &
-_— =t

wéce lugng clia x

Y

6

1

10

L L
2 4

x* | vaude luong ciia x

@
Dap ung wac lwong cila x

1 T T T

, i m=2(k)

2

x _ thue té
-,

udce luong cla x

_\/S :

2

10

) va u6e lugng cia x

X

()
Thoi gian(s)

Hinh 7. Bdp ting udc luong cua x, va x, khi m=2(kg)

Pip ing wic lugng cia £(x) khi m=2(kg)
I T - ) thuc 6

20

woc luong f(x)
g o0 jl
5
2o}
-20 L L L L
0 2 4 6 8 10
@)
Pap ung wée legng ciia g(x) khi m=2(kg)

<

£ .

A - - —g(x) thye &

ude lugng g(x)

8
(b)
Thoi gian(s)

Hinh 8. Ddp iing udc luong cia f(x) va g(x)
khi m=(2kg)

luong m tang tur 1(kg) lén 2(kg) va ngd vao
thay d6i (sin(10t)). Cac dap Gmg udc luong
cua X, X,, Alx) va g(x) tién vé cac gia tri
thuc t€ nhu Hinh 7, Hinh 8, Hinh 9 va Hinh
10. Biéu nay ching t6 hiéu qua cia bo quan

sa

1

X

Nghién ctru tién hanh khao sat dap ing
udce lugng cua bo quan sat dé xuat khi khoi

| va udc lugng ciia x

t bén virng thich nghi mang no-ron RBF.

Pap tng wée lrgng ciia x 1 khingd vao la sin(10t)

02

- thue t&

ude lugng ciia x

8
(@)
2 khi ng6 vao la sin(10t)

- -, thue &

Piap ing wic legng ciia x

2

=

wde hrong clia x

8

x 2 va uéc lugng ctia x
<

®
Thoi gian(s)
Hinh 9. Bdp ting ud'c luong cia x, va x, khi ngé vao
sin(10t)

Pap ing wéc lwgng cia f(x) khi ngd vao la sin(10t)

<
ks
=
2.5 =
=3} - m f(x) thuc t¢
10 ‘ ‘ | udce luong f(x)
0 2 4 6 8 10
@
Pap ing wie lwgng ciia g(x) khi ngd vao la sin(10t)
s T

<

s 0

2

0 = = =g(x) thuc t&

ude lvong g(x)

8
(b)
Thoi gian(s)

Hinh 10. Ddp iting uéc luong cua f(x) va g(x) khingé
vao sin(10t)

4. Két luan

Nghién ctru da thiét ké dugc bo quan sat
bén vitng thich nghi dya vao mang no-ron
RBF cho robot lién két don. Mang no-ron
RBF da udc lugng hi¢u qua céac trang thai
X,, X, va cac ham f(x), g(x) trong md hinh
toan hoc cua robot. Cac két qua mo phong
trong MATLAB/Simulink da thé hién céc
dap tmg udc luong tién vé cac gia tri thuc

5612
9 04/2025
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té v6i sai s6 udc lugng tién vé 0. Ngoaira, ctru nay cé thé dugce ap dung cho hé con
bd quan sat dé xudt ciing cho thay hiéu qua  lic nguoc hodc cac hé théng khac. Trong
trong truong hop khao sat khi khdi luong m  thoi gian téi, nghién ciru s& tién hanh didu
tang tir 1(kg) 1én 2(kg) va ngd vao thay d6i  khién bam quy dao cho robot sir dung bd
(sin(10t)). Bo quan sat bén viing thich nghi ~ diéu khién trugt véi bd quan sat bén viing
dya vao mang no-ron RBF trong nghién thich nghi mang no-ron nhéan tao.
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