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Toém tét - Bai bao nay dé& xuét mot bod didu khién bén vikng thich
nghi trén co’ s& mang no rén cho robot cc‘)ng nghiép. Trong thue té
robot la mét hé théng phi tuyén va trong qua trinh lam viéc, chung
thwong phai chiu dwng ma sat ph| tuyen sy thay ddi cta tai va
nhiéu bén ngoai tac dong, ... Dé giai quyét van dé nay, mot bo diéu
khién théng minh da dworc thiét ké trén co s& ké thira wu diém cta
bd didu kién thich nghi no rén va SMC dé diéu khién vi tri ctia mot
robot cong nghiép. Trong bd diéu khién dwa ra, NNs st dung dé
x&p xi dong lwc hoc chua ro ctia hé théng robot cong nghiép. Luat
thich nghi cta cac tham sb mang duoc thiét lap bang thuyet on
dinh Lyapunov, 6n dinh va bén vibng cla toan bd hé théng diéu
khién da dat dwoc. Cubi cling, két qua moé phdng dwoc thuwe hién
trén robot 3 bac tw do dwoc dwa ra va so sanh vai bo didu khién
AFC va BPC tr d6 chirng minh bd diéu khién NNs cé kha ning
bam chinh xac va kha ning bén virng cao hon.

T khéa - Diéu khién bén virng thich nghi; diéu khién truot; mang
no rén; robot nguwdi may.

1. Giéi thiéu chung

Ngay nay, robot cong nghiép dong mdt vai tro quan trong
trong cac day chuyén san xuét cong nghiép. Tuy nhién, trong
qua trinh 1am viéc robot cong nghi¢p luén chiu anh hudéng
ctia nhiéu bén ngoai, trong luong tai thay doi va ma sat phi
tuyén... Van dé dugc dt ra 1 1am thé nao dé thiét ké dugc
mot bo diéu khién phu hop de dap ung duoc yéu cau ngay
cang cao cuia qua trinh san xuét. Dé giai quyét van dé nay da
¢6 rat nhiu cac phuong an didu khién da duoc nghién ctru va
dua ra nhu diéu khién PID, diéu khién thich nghi, diéu khién
cudn chiéu, diéu khién truot, ... da duoc dua ra trong cac tai
liéu [1-6]. Ngay nay, cac bo diéu khién thong minh trén co s¢
ctia diéu khién mo va mang no ron da dugc Umg dung rong
rdi trong diéu khién robot cong nghiép. Bo diéu khién mo la
mot cong cy hi€u qua trong viée xap xi hé thong phi tuyén [7-
10]. Trong [8], mot bd diéu khién thich nghi trén co so logic
md di duoc tmg dung dé diéu khién hé théng phi tuyén véi
cAu trac bat dinh va c6 su xuét hién ciia nhidu bén ngoai trong
qué trinh diéu khién. O déy logic md dugc st dung dé xap xi
dong lyc hoc chua rd cta hé théng phi tuyén. B6 diéu khién
dd dam bao dugc hiéu qua bam va hiéu sudt yéu cau. Tuy
nhién, b diu khién duoc xay dung trén co sd cta logic mo
thi céc luat diéu khién mo thudng duoc xdy dung dua trén
kinh nghiém cta ngudi thiét ké. Vi thé, bang nhimg kién thirc
kinh nghiém d6 nhiéu khi khong du va rat kho dé xay dung
duoc luat diéu khién toi uu. Dé giai quyét vin dé nay, bai bao
da dua ra by diéu khién thich nghi bén vimg trugt sir dung
mang no rén dé diéu khién cho robot cong nghiép, bang viéc
két hop nhimng vu diém ctia bd diéu khién thich nghi truot va
kha nang hoc online ctia b diéu khién no ron. Do d6 khi ap

dung bd diéu khién nay vao diéu khién robot thi hi¢u qua bam,

tbc do hoi tu dd dwoc cai thién dang ké.

Abstract - This article proposes an adaptive robust controller based
on neural networks for industrial robot manipulators (IRM). In fact, robot
manipulators are a nonlinear system and in the working process, they
usually bear nonlinear fiction, payload variation, external disturbance,
etc. To deal with these problems, an intelligent controller designed
based on inheriting the advantages of the robust adaptive NN and the
SMC scheme to control the positions of industrial robot manipulators.
In the proposed controller, the NN is used to approximate the unknown
dynamic of the IRMs system. The adaptation laws of network
parameters are established based on the Lyapunov stability theory as
well as the guaranteed stability and robustness of the entire control
system. Finally, simulations performed on a three link robot industrial
manipulator are provided in comparison with Adaptive Fuzzy Control
(AFC) and Backstepping Control (BPC) to demonstrate superior
tracking precision and robustness of the proposed control methodology

Key words - Sliding mode control; robust adaptive control; neural
network; robot manipulators.

2. Pong luc hoc robot

Hinh 1. Robot cong nghiép

Xét phuong trinh dong luc hoc cia robot cong nghiép
duoc dua ra trong Hinh 1 [11]:

M(@)q+Clq.9)q+G@ =7 (1)
Véi, (q,q,G) € R™? lavitri, van tde va gia tdc ctia robot;
M(q) € R™*™ 1a ma tran khoi lugng suy rong ;
€(q,4) € R"*" 1a ma trén lyc ly tAm va ma tran gia toc
coriolis ;
G(q) € R™ 1amot véc to md ta thanh phan trong lugng;
7 € R 1a m6 men diéu khién.

Dé thiét ké bo diéu khién tes gia dwa ra mot sd tinh chat
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cho (1) nhu sau [4]:
Tinh chit 1: Ma tran khoi luong suy rong M (g) 1a mot
ma tran doi xng va xac dinh duong
M(q) < m,l! (2)
véimy > 0vamy €R
Tinh chit 2: M(q) — 2C(q,q) 12 ma trdn d6i ximg 1éch
cho véc to x bat ky:

x"[M(q) - 2C(q, ]x =0 3)
Tinh chit 3: C(q,)q, F(q) duoc gi6i han theo:
IC(q, qll < Cellgll? )

v6i Cy 12 hing s6 duong.

3. Chu tric bd diéu khién NNs
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Hinh 2. Cdu triic ciia NNs
Céu truc bo diéu khién NNs gdm c6 3 16p [12]:
- Lép 1 1a 16p dau vao (Input layer): gdm céc bién dau
Va0 S1,52,--Siy++Sp»
- Lop thir 21a 16p an (The hidden layer): dau ra cua 16p
an dugc tinh toan theo cong thirc sau:

B;(s) =exp [—(s - cj)z/(Zde)] )

d/dt

Trong d6, m 1a s6 no ron 16p 4n va Cj = Cj1, s Cjp 12
véc to trung tdm cia mang. d]- la do léch chuan cua ham
xuyén tam th j , d = [dy, ..., dy,]" . @; 12 ham Gaussian
clia mang no ron j.

Lé6p 3 14 16p dau ra (output layer), ddu ra ciia mang no
ron dugc tinh toan nhu sau:

ﬁ@)=§:;m@ﬂ94=1w”m 6)

Trong do, Wj; 1a trong s6 két ndi gitra no ron 16p an thir j
va no ron dau ra tha i, n 1a so6 dau vao.
Cong thirc (6) c6 thé viét lai nhu sau :
f(s) =wWa(s) (M
Trong d6, W la trong s6 cua mang no ron,
) =01, B, Bl o
. O day ta st dung mang no ron d¢ xap xi, do d6 nd s&
ton tai mot ham no rén t6i wu nhu sau:
f() =Wd(s) +¢ ®)
Trong do, W* 1a gia tri trong s6 t6i wu, va € 1 véc to sai léch
xap xi.
Gid thiét: sai 1éch xép xi dugc gi6i han:
llell < & (€))
voi gy la gia tri thuc duong.
PAu ra cia bo diéu khién NNs la gia tri xép xi va duoc
tinh theo cong thirc sau:
f(s) =WTo(s) (10)
Trong d6, f, W 1a gié tri xdp xi cua f*, W*,
wT = [wrwt, .. W]

4. Thiét ké bd diéu khién NNs

Robot dudi sy tac dong cta luc 7 thi bd diéu khién duogc
thiét ké sao cho sai léch bam giira vi tri mong mudn cua
céc khop q4v6i vée to vi tri thuc té cia robot q c6 thé duoc
hoi tu vé& 0 khi t = co. CAu triic cua bd didu khién duge
thiét ké nhu Hinh 3.

b4 0

d/dt ﬁ

0a

d/dt Update Laws

y

W = —kW(Z)(S)ST
!

s(t)y=¢e+ e

ki

- =

Ysmc = kssgn(s)
h‘

Hinh 3. Cdu triic hé théng diéu khién robot cong nghiép
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e(t), e(t) twong tmg 1a sai 1&ch vi tri va sai 1éch tdc do.
Luat thich nghi s€ dugc xac dinh nhu sau :
e(t)=qa—q
s(t)=¢é+ e
0] day, A =diag(A4, 25, ..., 4
hing s6 duong.

an
(12)

,) 1a ma tran khuéch dai

Tir cong thire (1) ¢6 thé viét lai nhu sau:
M(@) *(Ga—€)+C(q P *(qa—e)+G(q) =7
M(q@)*(Ga+26—35)+C(q P *(Ga+tle—s)+G(q) =7

Ms + Cs = M(q) * (Gg + 2é) + C(q,9) (13)
*(qa+1e) +G(q) —1
Ms+Cs=y—1 (14)

Vi, f = M(q) * (Ga +2€) + C(q,9) * (qa + 2e) + G(q)
Tir so d6 cau triic hé théng diéu khién Hinh 3 ta co:
T=f + Ysuc + Tpr (15)
Trong do, f tin hiéu diu ra cia bo diéu khién NN,

yeue 12 bd diéu khién trugt (SMC) va tp; 1a tin hidu dau ra
clia bo diéu khién khuéch dai tich phan.

0] day bo diéu khién truot dugce chon nhu sau:
Ysmc = kssgn(s) (16)
Bo didu khién khuéch dai tich phan duoc tinh toan
nhu sau:
‘ 17)
Tp[ = kps + klf Sdt

0
Thay (15) vao (14) ta thu duoc:

Ms$ = f —Cs—ysyc — Tp + €
Trong d6, f = f — f.
Luéat hoc thich nghi cua bd diéu khién s& duoc chon
nhu sau:

(18)

W = ky, 0(s)sT (19)

Chirng minh tinh 6n dinh ciia h¢ thong

Xét robot cong nghiép c6 phuong trinh dong hoc nhu
phuong trinh (1) va b diéu khién NNs c6 luét thich nghi
nhu cong thuc (19). Phan tich tinh 6n dinh cta hé thong
theo thuyét Lyapunov.

Xét ham Lyapunov c6 phuong trinh nhu sau:

1 1 t T t
V() = —STMS += 5 (fo sdt) k, (fo sdt) (20)

+ (WTky'W)

Pao ham béc nhit V(t) theo thoi gian ta thu dugc
phuong trinh nhu sau:

. 1 . t
V(t) = ESTMS +sTMs + sTk,f sdt

0 21)

1

- T
o (wrw)

Thay (18) vao (21) ta co:

. 1 . t
V() = ESTMS + sTklf sdt (22)

0

+ST(f —Cs — Ysmc — Tpr + 8) +$(WTW)
Ap dung tinh chét 2 va thay thé W =—-W vao (22):

t
V(t) = STkIf sdt + ST(f — Ysmc — Tpr + S)
0

~ (%) 23)
Thay (16), (17) va (19) vao (23) ta c6:
V(t) = s"(=kssgn(s) — kps + €) (24)
Str dung cong thire (9) vao (24) ta:
V(t) < —sTkps—sTkssgn(s) + &,
(25)

V(t) <-sTkps
Do d6,V(t) <0
Tir két qua cho thiy, hé théng dugc 6n dinh khong phu
thudc vao s.
5. Két qua md phéng
Phuong trinh dong hoc cua robot nhu sau:

My My, Mg ‘I1 Ci1 Gz Cis ‘:11 Gy
My1 My, M| |Gz +|Cor Gz Cos||42| + |G
M3y Ms, Mss qT's (31 (3 C33llgs Gs
[ 1]
1 2
My, =m, (11 sl COS(QZ)) +§m111
1
+ §m3(l1 + I3 cos(q, + q3))
+ 1, cos(q?)
Mzz = Zmzl% 127;1113 + 4m3lz
+Em113 cos(q; + q3)*
12mll2 cos(g?)
1 1
My3 = M3, = —myl5 +—mj3 l,l5c05(q3)

12 4

1 1
M;; = (12m1+4m3)l3
My, =Mz =My =Mz =0

Cr1 = =2(my + my) 11, sin(qz) 4,
— 2mglyl3 sin(q, + q3) (42 + 43)
— 2mglyl5sin(q;) g5
Cya = —(m, + m3)ly1, sin(qy) 4,
—mglyl5 sin(q, + q3) (42)
— 2mglyl5sin(q;) g5
—2mglyl; Sin(CIz + CI3)513
Ci3 = —mslyl3 sin(qs) ¢z — mslyls sin(q, + q3)ds
Coy = —(my + m3)ly1; sin(qz) g,
—mslyl5sin(q, + (?3) (42 + 43)
—2mgl,l; Sin(CI3) qs
+ (my + m3)li1; sin(q,) (42 + 1)
+ malyl3sin(q, + q3)(42 + ¢4 + 43)
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Caz = —2ms3lyl3 sin(qs) g3
C23 = —m3lyl3 sin(qs) g3
C31 = —m3lyl3sin(qy + q3) (G2 + g3)
— mslyl; sin(gs) g3 . . .
+ mslyls sin(qz + q3) (G2 + G1 + gs)
+ mslyls sin(g; + 43)(24; + G1 + s)
C3z = m3lyl3sin(qs) ¢,
C33 = 0;
Gy = (my + my + m3)glysin(qy)
+ (my + m3)glysin(qy + qz)
+ maglssin(qy + g, + q3)
G, = (my + m3)glysin(qy + q2)
+msgls sin(qy +q; + q3)
Gy = magls sin(qy + g2 + q3)
Trong do,

my, My, My 1a khoi lugng ciia bac 1, bac 2 va bac 3
tuong ung;

I, 0,15 1a chiéu dai cua bac 1, bac 2 va bac 3 tuong
ung. g = 9.8 (?) gié tri cla gia toc trong truong;

q =[q1 g2 q5]" vi tri ctia bac 1, bac 2 va bac 3.

Chon gia trj ctia vi tri mau cho bac 1 va bac 2

qa = (914 924 93al"
= [0.5sin(mt) 0.5 sin(mt) 0.5 sin(mt)]”

Dé ghi lai hiéu sudt didu khién twong Gng, sai léch
binh phuong trung binh (MSE) theo vi tri dugc xac dinh
nhu sau [13]:

1 ’
msE =13 a(1)-a, (1)) (26)
t=1
'O day, T Ia chu ky. Gi4 trj cua MSE dé danh gi4 hi¢u
suat dieu khién ctia bg dieu khién.

NMSE la gia tri sai léch binh phuong trung binh tiéu
chuan cua phan hoi vi tri tinh trén 1 rad d€ danh gia hiéu
suat dieu khién.

Bing 1. théng s6 ciia robot

Bic Khdi lrgng (kg) Chiéu dai (m)
Bic 1 2 0,8
Bac 2 1 1
Béc 3 0,8 0,5

Thue hi¢n mé phéng trén phin mém Matlab.

Budc 1: Cai dit cac thong sb cua mang no ron, cac hé
so0 khuéch dai trong luat thich nghi: n,m, kyy, 4, kp, k;, K;

Budc 2: Khéi tao cac gia tri ban dau cia bo didu khién
NNs voi gia tri ngau nhién;

Budc 3: Cap nhén tin hiéu vao ciia b diéu khién NN,
va trong so cta bd diéu khién NN, tinh toan s(t) theo cong
thirc (12);

Budc 4: Tinh toan dau ra ctia bd didu khién NNs theo (10);

Bude 5: Piéu chinh cac gia tri trong sb6 cua bo didu
khién NNs theo cong thuc (19);

Budc 6: Pua ra cac trong s ciia bo diéu khién NNs va
quay lai budc 3.
Bing 2. So sanh hiéu sudt mé phong ciia b diéu khién NNs,
BPCva AFC trong truong hop 1

NMSE Don vi: rad
Bic 1 Bac2 Bac 3
NNs 5,156x10* 5,254x104 4,972 x10*
AFC [15] 1,434 x1073 1,876 x1073 1,034 x1073
BPC [14] 2,575 x1073 2,934 x1073 2,065 x1073
Trudng hgp 1: Nhiéu duoc chon c6 dang nhu sau:
2sin(t)
To = |2sin(t)
2sin(t)

Heé s6 khuéch dai trong ludt thich nghi (19)
ky = A = diag[5,5,5]; kp = diag[45, 45,45];
k, = diag[80,80,80]; ks = diag[0.1,0.1,0.1]
Céu truc cta bd diéu khién NNs v6i n = 6,m = 6.

Truong hep 2: HE thong dang lam viéc sau thoi gian
0,5s ta dua thém nhieu c6 dang nhu sau:
d,(t) = [40sin(20t) 40sin(20t) 40sin(20t) ]7

? S T ..... ; ——Tin hieu mau
=t /o - /| ==-NNs
= f i
2 / 3 AFC
X oof e, . BPC
g y £ Y
] \ / \
=] £ £
o] :
0.5 :
g' : ‘ ; :
0 0.5 timle(s) 1.5 2
B 05 P — . Tin hiew mau
a A N el
VA TR
] 4 £ BEC
E of | # :
5 i
o i o
= Y : ¥,
° R N\
;.-0.5 F- o o e J
Y 0 0.5 1 15 2
time(s)
Y1 BRI ) Tin hien rmau
= .-'i ..'ﬂ. ——=NNs
[as] 4 Yo
% I‘," Kl ; AFC
: / BPC
i 0 ( ._E“. ;
g 1 : .
g / N
=05 ~ ......... P e Seat
o ; ‘ ;
= 0 0.5 1 1.5 2
o4 time(s)

Hinh 4. Két qud mo phong trwong hop 1: Vi tri cia robot tuong
wng voi bg diéu khz"én no ron (NNs), mo thich nghi (AFC) va
bé diéu khién Backstepping (BPC)
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Hinh 5. Két qud mé phong truong hop 1: Sai léch bam ciia
robot twong img vi bg diéu khién no ron (NNs),
mo thich nghi (AFC) va bo diéu khién Backstepping (BPC)
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Hinh 6. Két qui mé phong trueong hop 1: M6 men diéu khién
ctia robot tuong vng voi bg diéu khién no ron (NNs),
mo thich nghi (AFC) va bé diéu khién Backstepping (BPC)
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Hinh 7. Két qud mo phong truong hop 2: Vi tri cia robot tuong
ung voi bo diéu khién no ron (NNs), mo thich nghi (AFC) va

Hinh 8. Két qud mé phong truong hop 2: Sai Iéch bam ciia

bé diéu khién Backstepping (BPC)
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robot twong tng véi bg diéu khién no rén (NNs),

mo thich nghi (AFC) va bé diéu khién Backstepping (BPC)
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Hinh 9. Két qua mé phéng trieong hop 2: M6 men diéu khién
ciia robot tirong ikng véi bg diéu khién no rén (NNs),
mo thich nghi (AFC) va bé diéu khién Backstepping (BPC)

Nhén xét: Tir két qua mod phong Hinh 4, 7 c6 thé thiy,
ca 3 bo didu khién NNs, AFC [15] va BPC [14] déu dam
bao tinh 6n dinh va bén viing trong qua trinh lam viéc. Tuy
nhién, qua két qua mé phong Hinh 5, 6, 8, 9 va két qua so
sanh gia tri sai léch binh phuong trung binh trong Bang 2
cho théy, mé men diéu khién cta bo diéu khién NNs hoi tu
nhanh hon, sai léch bam, mé men diéu khién ciing nh6 hon,
va kha nang on dinh t6t hon 2 b9 diéu khién con lai. Diéu
d6 chtiing minh rang, chat luong diéu khién robot bang viéc
sir dung bd diéu khién NNs 6n dinh hon va kha ning bam
duoc cai thién.

6. Két luan

Trong bai bao nay, bo diéu khién thich nghi bén viing
duogc xdy dung trén co so cia bd didu khién no ron (NNs)
dé didu khién cho robot cong nghiép di dat dugc d6 bam
chinh xéc cao trong mdi truong lam viéc khac nhau. Trén
co s& thuyét 6n dinh Lyapunov tac gia dd ching minh dugc
hé théng ludn ludn 6n dinh trén toan ving lam viéc. Hiéu
qué cua bo didu khién da duoc kiém chimg qua mé phong
va dugc so sanh vai bo diéu khién Backtepping (BPC) [14]
va bo diéu khién mo thich nghi (AFC) [15]. Quan sat két
qua md phong ta thy, kha ning bam, sai 1éch bam ciia bd

diéu khién dua ra t6t hon bo diéu khién Backstepping (BPC)

va bo diéu khién AFC. Tir két qua md phong ta c6 thé tiép
tuc nghién ctru d€ dua vao thyc nghiém ciing nhu dugce ing
dung vao thyec te.

Chir viét tit:

IRM: Industrial Robot Manipulator
SMC: Sliding Mode Control

NNs: Neural Networks

PID: Proportional Integral Differential
BPC: Backstepping Control

AFC: Adaptive Fuzzy Control

MSE: Mean Square Error

NMSE: Normalized Mean Square Error
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