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Abstract

This article presents a method for synthesizing an adaptive robust controller based on a neural network for
industrial robot manipulators with n degrees of freedom (n-DOF) in the case of uncertain changes in the robot's
dynamics parameters and the impact of external disturbances. The uncertainty components are approximated by
an RBF neural network with weights adjusted by adaptive control law to improve the ability to track a desired
trajectory. In addition, a robust control component is added to eliminate the effects of approximation errors and
unknown external disturbances affecting the system. Apply the proposed controller to the PUMA 560 industrial
robot manipulator model; simulation results on Matlab Simulink software show that the robot control system

proposed by the article has high quality, adaptability, and good interference resistance.
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Tom tat

Bai b4o nay trinh bay phwong phép tong hop b diéu
khién thich nghi bén viing trén co sé mang noron cho
robot cong nghiép n bac ty do (n-DOF) trong truong
hop cac tham b dong hoc cua robot thay ddi bét dinh
va tc dong ctia nhidu tir bén ngoai. bé néng cao kha
nang bam quy dao cho trude, cac thanh phén bat dinh
dugc xap xi bang mang noron RBF vo6i céc trong s0
dugc hiéu chinh bang luat diéu khién thich nghi. Bén
canh do, thanh phan diéu khién ben vimng dugc bd sung
dé loai trir anh hudng cua sai s6 x4p xi va nhidu ngoai
khong biét trudc tac dong 1én hé théng. Ap dung bd
didu khién da d& xuét cho mé hinh robot céng nghiép
PUMA 560, két qua md phong trén phin mém Matlab
cho thiy hé théng diéu khién robot do bai bao d& xuét
co chét lwong cao, kha ning thich nghi va khang nhiéu
tot.

Ky hiéu
Kyhiéu Y nghia
q Vecto bién khép
qq Vecto quy dao dat
T Vecto mémen diu vao
M Ma trén khéi lugng suy rong
C Ma trén thanh phin li tim va Coriolis
g Vecto thanh phan lyc trong truong
d Vecto nhiéu ngoai
Chir viét tit
DOF Degrees of Freedom
AC Adaptive Controller
RBF Radial Basis Function
SMC Sliding Mode Control

1. Datvan de

Robot dé va dang dugc st dung rong rai trong cong
nghiép va nhiéu linh vuc khéc do nhu cau vé chat luvong
san phdm va ning suat lao dong ngay cang cao. Viéc
nang cao kha nang hoat dong chinh xac cho robot da
tr& thanh mot van dé bir thiét ma trong do cac luat diéu
khién dong mot vai tro quan trong. Véi dac tinh dong
hoc phirc tap va ton tai nhidu thanh phﬁn bét dinh, cac
nghién ciru vé tong hop hé thong diéu khién cho robot
thuong tap trung vao viéc sir dung cac phuong phap
didu khién hién dai nhu didu khién thich nghi, didu
khién bén ving trén co s¢ diéu khién truot, diéu khién
thong minh trén co s¢ logic m¢ va mang noron.

Trong nhiing nim gan day phwong phap diéu khién
thich nghi cho robot cong nghiép da c6 nhiéu két qua
dugc cong b trong [1]-[8]. Cac tac gia [1] da dé xuét
b6 diéu khién thich nghi theo m6 hinh mau cho robot
cong nghiép c6 tham so bét dinh, d6 bdo hoa cia bd
truyén dong va phép do ciia cam bién lyc khong chinh
xac; luat thich nghi dugc st dung dé uée luong cac
tham sb cua robot dugc thiét ké trong khong gian khép
nhim giam d0 phtec tap trong tinh toan. Trong [2], [3]
cac tac gia da su dung phwong phap didu khién thich
nghi theo mé hinh mau cho céc robot cong nghi¢p don
gian ¢6 s6 béc tu do nho. BO didu khién thich nghi mo
duogc dé xuét trong cac nghién ctru [4], [5] da gop phan
nang cao chét lugng diéu khién cho robot, tuy vay ton
tai ciia cac b diéu khién nay do6 1a phu thudc vao tri
thirc chuyén gia, do vay viéc tng dung vao ving khong
¢6 tri thirc chuyén gia s& gip nhiéu kho khin. Phuong
phap diéu khién thich nghi trén co s& mang noron [6]-
[8] 12 cong cu hiéu qua dé tdng hop cac bd didu khién
cho robot cong nghiép, mic du véy, khi thiét ké cac luat
cap nhat thich nghi cho cac mang noron can quan tam
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dén phuong phéap huin luyén mang va tbc do hoi tu cua
thuat toan. Phwong phép diéu khién truot dwoc st dung
cho robot céng nghiép ma khéng can biét chinh xé4c cac
tham s6 dong hoc [9]-[11], tuy nhién, phwong phép nay
ton tai hién tugng rung (chattering) co thé gy anh
hudng bét lgi dén cau tric co hoc cia robot. Dé giam
hién tuong chattering, cac cong trinh [12]-[14] da su
dung phuong phap didu khlen truot két hop v6i mang
noron dé udc lugng true tuyén cac tham sé dong hoc
ctia dbi twong tir d6 mang lai hiéu qua bam quy dao véi
d6 chinh x4c cao, cht luong diéu khién dwoc cai thién.

Tiép theo, bai béo trinh bay giai phap thiét ké bo
didu khién thich nghi bén viing trén co s& mang noron
RBF cho robot cong nghiép c6 tinh dén tham sé thay
dbi bat dinh va tac dong cua nhidu tir bén ngoai. B
diéu khién d3 dé xuit dugc 4p dung trén mé hinh déng
hoc ciia robot cong nghiép PUMA 560 dé d4anh gia hiéu
qua cua cac két qua thu duoc.

2. Tong hop bd diéu khién cho robot
cong nghiép
Phuong trinh dong luc hoc cta robot cong nghi¢p n
bac tu do nhu sau [15], [16]:

MG+Cq+g+d(r)=r, (1)
trong d6 q € R" 1a vecto bién khop; T € R” 1a vecto
momen diu vao. M € R™" 1a ma tran khi luong suy
rong; CeR™ la ma trdn thanh phﬁn li thm va
Coriolis; g € R" 14 vecto thanh phén lyc trong trudng;
d(¢)€R" la vecto nhiéu ngoai khong biét trude va bi
chan [d(z)| < d,,

Vén dit ra 13 thiét ké bo diéu khién dé quy dao cua
robot cong nghiép (1) bam theo quy dao dat mong
mudn dong thoi ddm bdo khé nang thich nghi va khang
nhiéu tdt.

Sai Iéch gilra quy dao cta robot cong nghiép (1) va
quy dao dit mong mudn q, :
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Muc tiéu ctia bd didu khién d6 1a dua @ — 0 va
q— 0 khit—oo.
Ham truot duoc lva chon nhu sau [17], [18]:
s=h+q, (3)
trong d6 s€R", L€R™ la ma tran hing s,
A=21">0.Tu(2) va(3)tacod:

O a=atks. @
Tiep tuc bien doi phuong trinh (4) ta co:
M = M|[d, +A\q—3]. (5)
Ta viét lai (5) thanh:
Ms = M|§j, +\d|— Mg . (6)

) Tu (1) va (6) ta c6 phuong trinh dong hoc cia hé¢
thong nhu sau:
Ms=f+d()-Cs—7, 7

trong d6: f :M[('jd +Aﬁ]+c(qd +/\(i>+g )

f=[fi.fores /]

Luit diéu khién cho robot cong nghiép (1) dwoc dé

xudt nhu sau [17], [19], [20], [21]:

t=f+K,;s—71,, ®)
trong d6 K,, € R”" 1a ma tran hang s6 théa man
Ky, =Kip >0; 7
viing.

Trong thyc té, khi hoat déng robot céng nghiép (1)
chiu tac dong cua nhiéu yéu td bat dinh nhu: sai 1éch
do co cdu chip hanh, ché do cong tac, tai trong thay
dbi,... kéo theo cac tham sb dong hoc cua robot thay
d6i, do vay thanh phan f 1a khong biét trugc. Do do,
dé tong hop luat diéu khién, bai bao thuc hién xip xi
thanh phan nay bang mang noron RBF.

So d6 céu triic hé¢ théng diéu khién cho robot cong
nghiép (1) dugc thé hién trén hinh H.1. Trong d6: AC
1a khdi diéu khién thich nghi; RBF 1a mang noron ham
co s& xuyén tam ; khdi Kpp 1a thanh phin diéu khién

la thanh phin didu khién bén

r

q4=9q,—9q- (2 PD.

|mmm -
| A
I >
| RBF
I Ll
| > ac /
I A
| Ky,
I

. .. I

o> 4o g —— > s=Xj+q —o» sgn(s)
| q»q s
i T
9.9 Robot <
cong nghiép «————d (t)

H.1  Sodb cdu triic hé thong diéu khién robot cong nghiép
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Ta biéu dién cac ham phi tuyén f, clia vecto f nhu
sau [22]:

ﬁ = W;T(P[ <xi ) +¢, 9

* « 7 . * ooy A

trong d6 w, —[w,l,wlz, W,L] vGi w; 1a céc trong sO

Iy twong, i =1,n,i=1,L véi L 1as6 lugng ham co s&

dii 16n dé dam bao sai s xap xi ¢, ; vecto ham co s&

9 (X[):[QO,-I (x:)> 2 (%) -

s6 duogc chon dudi dang [22]:

T . 4 by
Qi (x,. )] v6i cac ham co

e

w-of] —
i y . .
———\;i=Ln;i=1L;

2
ZUU

—_—

6,(x)=ex

(10)
trong do: x, = [cjl. c}i qs G ijd,.} la vecto dau
vao cua mang RBF; ¢; 1a vecto co chiéu bang chiéu
cla vecto X, biéu dién tAm ctia ham co s& tht i, o
biéu didn do trai rong ciia ham co so. Cac trong sd 1y
tuong w;. khong biét trudc va can phai danh gia.

Khi d6:

. WTT(pl (X])

f=[f.fon ] = : +e, (11)
w'o,(x,)

Vi g =e,e,,.06,] s €] S ey ey 12 86 duong nho

tuy y cho trudc.
Dénh gia cua ham f; duogc thiét 1ap thong qua ham
co so (10) va trong s6 hiéu chinh W, nhu sau:

fi=W9,(x,) (12)
trong d6 W, = [W,, Wy, W, |, i=Ln,i=1L
X L - W;r(pl(xl)
f=/fond] =] 1 | @3

Qua trinh x4p xi ham phi tuyén f, chinh la qua trinh
higu chinh trong s6 W, so véi trong s6 1y twong w; .

Sai I¢ch cta trong $6 hiéu chinh w,j so vOi trong ) ly

tudng w, la:
W, =W, =W, (14)
bat
. R 19 (x))
f=f—f= D |4e. (15)
w,0,(x,)
Tu (7), (14) va (15) ta co:
Wi (x)
Ms = : —(C+Kyp)s+d(r)+2+1,. (16)
w0, (x,)

Tiép tuc bién dbi (16) ta thu dwoc:
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L
Zf"u@u (x)
j=1
Ms = : —(C+Kpp)s+d(1)+&+7,.
L
Z; WPy (x)
=
(17)

_ V6ikét quaxp xi vecto f , luft diéu khién (8) dugc
viét lai nhu sau:

T:f‘+KPDS*T‘., (18)
trong d6 thanh phan diéu khién bén viing t, dugc thiét
ké dé khic phuc sai s6 x4p xi cua mang noron va tac
dong cua nhieu ngoai:

T, :—(eM—i—dM)sgn(s). (19)
Vi hé (17), chon ham Lyapunov dang:
V_ls "Ms+—— ZZ W (20)

i=1 j=1
v6i v 1a hé sé duong.
Léy dao ham hai vé (20) ta c()'
n L
v *STMS—&- s'Ms +— ZZ W, . (21)
i=1 j=I

Tiép tuc bién dbi (21) co chu y dén (17):
14 :%sr (MfZC)sfsTKPDersT [s+d(z)+rr]+

L
> e, (x)
j=1
+s' : +

Z n SD’U

Chu y ring dbi v6i robot cong nghiép ta co
(M —2c) 1a ma tran déi xtmg léch [15], [16], do d6

n

1 L :
=2 Wy (22)
A==l

s"(M—2C)s=0.
Tiép tuc bién dbi (22) ta c6:
V=-—s"K,s+s [s+d

+ZZS» 11901/

i=1 j=I1
Ta chon:
Vi;g/:_’ysi(pg/(x)a l:L_nai:L_L- (24)
Tir (14) va (24) ta c6 ludt cap nhat thich nghi cac
trong sO cia mang no ron RBF nhu sau:
W, =y, (x), i=Ln,i=LL. (25
Tur (23) va (24) ta co:
V=—s "K,ps+s” [s—i—d
Mat khac tir (19) ta co [21]:
s [s+d(t)+ 'rr] =s' [s—kd(t)]—ﬁ—sr'rr
— 57 e d (1))~ 5] ey + dy ) < 0. 27)
Tir (26) va (27) tacd V <0 cb nghia 14 hé thong
(17) 6n dinh.

+‘r]

Ziw W, . (23)

QI»—‘

)+1.].  (6)
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Nhu véy, trong phan nay bai bao da tong hop dwoc
b6 didu khién cho robot cong nghiép (1) v6i luat diéu
khién thé hién theo bleu thire (18) va (19), luat cap nhat
thich nghi cac trong sé ciia mang noron RBF theo biéu
thace (25).

C6 thé thay tin hi¢u diéu khién tao ra thanh phan
didu khién bén virng (19) 1a ham khong lién tuc, didu
nay gdy ra hién tuong rung (chattering) trong hé théng.
bé giam hién twong nay co thé sir dung cac ham thay
thé gin dung cho ham sgn(.) trong (19) nhu: ham
khuéch dai bdo hoa sat(.), ham hyperbolic tangent
tanh(.). Cac ham thay thé noi trén déu ¢6 dang lién tuc
va do d6 s& 1am giam tin sb thay dbi déu cho tin hiéu
diéu khién.

Tiép theo, bai bao thuc hién md phong céac két qua
thu dugc trén phan mém Matlab-Simulink d& minh
chimg hiéu qua cta bo didu khién da dé xuat.

3. Mo phong va kiém ching két qua

Thuc hién kiém chimg bo diéu khién d dé xuét cho
dbi twong robot céng nghiép PUMA 560 (6-DOF) cb
cAu truc & hinh H.2 va céc tham sb dong hoc duoc léy
tir tai liéu [23]. M6 phong duoc thuc hién trén phﬁn
mém Matlab trong hai trurong hop:

- Trudng hop 1: Cac tham s dong hoc cua robot
PUMA 560 khong thay déi.

- Trudng hop 2: Céc tham sé dong hoc cua robot
PUMA 560 c6 thay doi trong khoang 30%.
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Thanh phdn nhidu tac dong tir bén ngoai dugc gia
thiét nhu sau:
0.5sin(0.67 +0.3)
1.0cos (0.8¢)+0.1
0.1sin(0.97 +0.5)
a(t)=| . . @27
0.8sin (0.8 +0.6)
0.3cos(0.2)+0.5
1.25in(1.0¢ +0.5)

Quy dao dat cho robot PUMA 560 [23] dugc gia
thiét nhu sau:

0.5sin(1.2¢ 4 m/3)—0.5sin(0.26)
1.0sin (1.6¢ +m/2)—1.1sin(0.35)
1.0sin (0.60) — 2.2sin (1.0t — 7/6)
1.25in(1.0¢) 4-0.5sin (0.38 +7/2)|°
1.1sin(1.6¢ +7/4) +1.4sin(0.35)
2.0sin(1.2¢)+1.0sin(0.65—7/3)

Ap dung bd diéu khién da dé xudt, két qua mo
phoéng bam quy dao dat (28) cua robot PUMA 560
duoc thé hién trén hinh H.3, sai léch gitta quy dao thyc
ctia robot va quy dao dit mong muén (2) dugc thé hién
trén hinh H.4; mémen dau vao dugc thé hién trén hinh
H.S.

Nhan xét: Két qua mo phong trén hinh H.3 cho thay
quy dao ctia robot cong nghiép PUMA 560 da bam chat
theo quy dao diat mong mudn véi thoi gian dap tng
nhanh trong khoang1.5s trong ca hai truong hgp tham
s6 dong hoc cb dinh (TH1) va tham s6 thay d6i (TH2).
Hinh H.4 cho thiy sai 1éch gitra quy dao cua robot va
quy dao dit mong muédn di tiém can vé gia tri 0 trong
ca hai truong hop. Nho qué trinh xap xi truc tuyén cac
thanh phan bat dinh cua mang noron, hién tuong
chattering trong momen diéu khién ciing d4 dwoc giam
thiéu thé hién trén hinh H.5. Hé théng diéu khién dam
bao tinh thich nghi va bén viing trong diéu kién tham
sb dong hoc cua robot thay dbi bt dinh va tac dong cta
nhiéu tir bén ngoai.

Céc két qua mo phong thu duge & trén dd mot 1an
nira minh chimg cho hiéu qua ciia bo diéu khién do bai

q = (28)

H.2  Cau tric robot céng nghiép PUMA 560 bao da d¢ xuat.

1 3
E o0s - 413 % 7N R 7\
= N /= | / \ ~n - / \ n
o / / o : / \ o 1F 7 A\
o 0™ / N o Of \ 9 \
-y N\ / —aq-rH|| S \ [T®B-THI S 0fF N —0q5-TH1
5 05 / a2t \free iz L - dsa
S Nes Q|| © gs—rma|| © G5-TH?2

-1 -2
0 4 6 8 10 0 4 6 8 10 0 4 6 8 10
Thoi gian (s) Thoi gian (s) Thoi gian (s)
1 oF 2 v

g ~ 1%, £ /
£ o / E 1t R /
= 0F N / \\ S A~ 1% / \
=] % / \ - = / S f L .
S - X / \ —a-rml{ = Of . J u-rm)| 3 —36-TH1
3 N4 \\ ,/ """ Q24 'C%; \ / - Qad g -2 - G6d
) T @-TH) -1t N Ga-TH?) q6-TH?

0 4 6 8 10 0 4 6 8 10 0 4 6 8 10

Thoi gian (s) Thoi gian (s) Thoi gian (s)
H.3  Két qua mé phéng bam quy dao ddt ciia robot cong nghiép PUMA 560



Héi nghi - Trién lam quéc té lan thir 7 vé Piéu khién va Tu dong hod VCCA-2024

Nt
o

Gi-TH1 G3-TH1 G5-TH1
~G1-TH2 -G3-TH2 ~G5-TH2
E

<
n

Sai léch (rad)
=

Sai l&ch (rad)

Sai 1¢ch (rad)
f=4
Wi

=
=
S
[§]

o
)

(=]
8]
(=1
(=]
S

4 6 8 1 4 6 8 10 4 6 8 10
Thoi gian (s) Thoi gian (s) Thoi gian (s)

=3

—36-7H1
I -46-TH2,

—da-1TH1
- ~q4-TH2

—G2-7H1
[ -~G2-TH?2,

N
~

e
)
o
n

Sai 1¢ch (rad)
o
W

Sai l&ch (rad)

Sai 1&ch (rad)

=
=

(=]
[§]
(=]
S T
(S

(=3
=}
(S

4 6 8 4 6 8 4 6 8 10
Thoi gian (s) Thoi gian (s) Thoi gian (s)

H.4  Sailéch gitta quy dao dat va quy dao thuc cua robot cong nghiép PUMA 560
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