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BO DIEU KHIEN BEN VNG THiCH NGHI DIEU KHIEN
CANH TAY ROBOT TREN €O SG CUA MANG NG RON

ADAPTIVE ROBUST CONTROLLER BASED ON NEURAL NETWORKS FOR INDUSTRIAL ROBOT MANIPULATOR

TOM TAT

Bai bdo nay dé xudt mot bo diéu khién bén vitng thich nghi trén co s mang
no ron cho robot cong nghiép. Trong thuic té robot la mdt hé phi tuyén va trong
qud trinh lam viég, chiing thutng phai chiu dung ma sat phi tuyén, sy thay déi
clia tai va nhiéu bén ngoai tac dong, ... DE gidi quyét van dé nay, mot bd diéu
khién thong minh da dugc thiét ké trén co s6 ké thira uu diém cta bo diéu kién
thich nghi n ron va SMC dé diéu khién vi tri clia mot robot cong nghiép. 0 day,
b diéu khién ARNNs duoc st dung dé xap xi ddng luc hoc chua biét ma khong
yéu cdu kién thiic truéc d6. Ngoai ra, SMC la mot hung diéu khién phi tuyén
dugc biét dén vi kha ndng bén viing cta nd. Ham bén viing da dugc chon nhu la
mot bo diéu khién phu dé dat dugc su 6n dinh va bén vitng dudi cac mdi trutng
khdc nhau. Luat thich nghi cho cac trong s6 clia ARNNs da dugc thiét Iap bang
thuyét 6n dinh Lyapunov sao cho tinh 6n dinh ciia bo diéu khién dua ra dugc dam
bo. Hiéu qua va tinh bén viing ctia phuong phap diéu khién dua ra duoc ching
minh bdng viéc so sanh cac két qua md phong.

Tir khéa: Diéu khién thich nghi, diéu khién trugt, mang no ron, hé thong phi
tuyén, tay mdy robot.

ABSTRACT

This paper proposed an adaptive robust controller based on neural networks
for industrial robot manipulator (IRM). In fact, robot manipulators are a
nonlinear system and in the working process, they usually bear the nonlinear
fiction, payload variation external disturbance, etc. To deal with these problems,
an intelligent controller which is designed based on inheriting the advantages of
the robust adaptive NNs and SMC scheme to investigate to the joint position
control of industrial robot manipulator. Here, the ARNNs are used to approximate
the unknown dynamics without the requirement of prior knowledge. In addition,
sliding mode control (SMC) is a well-known nonlinear control strategy because
of its robustness. A robust term function is selected as an auxiliary controller to
guarantee the stability and robustness under various environments. The
adaptation laws for the weights of the ARNNs are adjusted using the Lyapunov
stability theorem such that the stability of the proposed control systems is
guaranteed. The effectiveness and robustness of the proposed methods are
demonstrated by comparative simulation results.

Keywords: Adaptive control, sliding mode control, neural networks, nonlinear
system, Robot manipulator.
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Vi Thi Yén', Pham Van Cudng'”

1. GIGI THIEU CHUNG

Diéu khién robot cdng nghiép ludn ludn Id mdt mang
nghién ctu tha vi va thu hat dugc su chid y clia nhiéu nha
nghién ctu. Trong thuc t€, Robot cong nghiép la moét hé
théng phi tuyén nhiéu bién va rat phuc tap. Ching luén ludén
chiu tdc dong cula cac tin hiéu khéng rdé trong déng luc hoc,
nhu sy tac déng cla nhiéu, trong lugng tai thay déi, ma sat
phi tuyén... D& gidi quyét van dé nay, cé rat nhiéu phuong
phép diéu khién dugc dua ra, bao gém bo diéu khién PID,
thich nghi, diéu khién truct,... da dugc dé cap trong cc tai
liéu [1-6]. Nhu ching ta da biét, diéu khién truct va diéu
khién thich nghi 1a nhiing phuong phéap diéu khién phi
tuyén don gian hiéu qua. Cac bo diéu khién kiéu nay can
phai biét rd cac thédng s6 ctia mé hinh déi tugng cling nhu
cac chan trén cla cac thanh phan bat dinh ctia mé hinh. Tuy
nhién véi cac hé théng phi tuyén I6n va nhiéu tac dong thi
viéc thiét ké hé théng diéu khién sir dung bd diéu khién
truot va diéu khién thich nghi la rat phuc tap. Do d6 dé gidi
quyét van dé nay, cic Ung dung cla bd diéu khién théng
minh trén ¢ s& logic m& va mang noron dé diéu khién vi tri
clia canh tay robot dugc dua ra. B6 diéu khién ma 1a mot
cdng cu hiéu qua trong viéc xap xi hé théng phi tuyén [7-10].
Trong [8] mét bo diéu khién md lai két hop gilta cong nghé
Backstepping va phuang phap xap xi mg da dugc dua ra dé
diéu khién hé théng phi tuyén véi cau tric khéng xac dinh
va 6 su tdc ddng clia nhiéu bén ngoai. B diéu khién d6 da
dam bao dugc hiéu qua bam va sai léch ban theo yéu cau.
trong [10] mét nghién ctiu mai da dugc dua ra bang viéc két
hagp gira hé théng logic m& Takagi-Sugeno véi cong nghé
backstepping. Thuat toan diéu khién bén viing thich nghi
ma& cho hé théng ngoai khuéch dai dau vao khéng biét rd va
thuat toan diéu khién bén viing thich nghi ma trugt vaéi
khuéch dai dau vao khong biét ré6 cling da duoc dua ra. Ca
hai phuang phap nay cé thé dam bdo rang vong l3p kin cla
hé théng lam cho hé théng én dinh trong gidi han dua ra.
Tuy nhién trong tat ca cac tai liéu trén luat cha bd diéu khién
ma& dugc xdy dung dya trén kinh nghiém clia ngudi thiét ké.
Vi thé, bang nhimng kién thdc kinh nghiém dé nhiéu khi
khoéng du va rat kho dé xay dung dugc bé diéu khién téi uu.
Dé gidi quyét van dé nay, trong bai bao nay da dua ra bo
diéu khién bén viing thich nghi dua trén co s& cla bo diéu
khién no ron (ARNNSs). Bang viéc ké thira cac thuan Igi ctia bo
diéu khién na ron d6 la kha nang hoc online cac luat trong
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qua trinh bd diéu khién lam viéc, do d6 khi ap dung bd diéu
khién nay vao diéu khién robot cédng nghiép thi hiéu qua
ban, t6c d6 hoi tu da dugc cai thién dang ké.

2. PONG LUC HOC ROBOT
Xét phuang trinh déng luc hoc cla robot:
M(9)g+C(q, g+ G(q) = T M

& day, (q,4,4) € R™ 1a vi tri, van t6c va gia t6c cla
robot. M(q) € R"*™ la ma tran khoi lugng suy réng.
C(q,q) € R®*™ |3 ma tran ly tam va Coriolis. G(q) € R™! Ia
mét véc té mo td thanh phan trong lugng, T € R™?! 1a mé
men diéu khién .

DPé thiét ké bd diéu khién chung ta dua ra mot s6 tinh
chat cho (1) nhu sau:

Tinh chdt 1: Ma tran khéi lugng suy rong M(q) l1a mét ma
tran d6i xtiing va xéac dinh duong

M(q) < mgl 2)

Trongdém, > 0vam, € R

Tinh chdt 2: M(q) — 2C(q, q) 1a ma tran d6i xing léch
cho véc to x bat ky:

x"[M(q) - 2C(q, @)]x = 0 3
Tinh chdt 3: C(q, q)q, F(q) dugc giGi han theo:
IC(q, Dall < Cillgll® 4

& day Cy la hang s6 duong.
3. CAU TRUC BO PIEU KHIEN NNs

C4u trac bd diéu khién NNs goém ¢6 3 I6p gom:

-Lép 1 1a l16p dau vao (Input layer): gdm cac bién dau vao
S1,52,.+Sj,+-Sp,

!F”
Output
laver
w, Wi
0, @ sod Om Hidden
layer
Q e o o Q Input layer

Hinh 1. Cau trdc cia NNs

- L&p thit 2 13 16p 8n (The hidden layer): dau ra cda I6p an
dugc tinh todn theo cong thuc sau:

9i(s) = exp[—(s - cj)z/(Zdjz)] (5)

Trong dé:m la s6 na ron I6p &n va ¢; = ¢jy, ..., Cjp la
vector trung tam cGa mang. d; la dé léch chudn cda ham
xuyén tam thdtj, d = [dy, ..., dp]" . @; la ham Gaussian cla
mang na ron j.

- L6p 3 la I16p dau ra (output layer), dau ra cla mang no
ron dugc tinh toan nhu sau:
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&)=Y Wi#(s),j=1,..m ©)
]:

0 day: W; la trong s6 két ndi gitra na ron I8p &n thi j va
no ron dau ra tha i, n 13 s6 dau vao.

Céng thtic (6) c6 thé viét lai nhu sau:

f(s) = Wa(s) 7

Trong d6: W la trong s6 clla mang no ron,

?(s) = [D4, @2 ey D]

Sau day, ching ta sir dung b6 diéu khién NNs nay giéng
nhu mot xap xi trong bd diéu khién da dugc thiét ké. Khi dé
sé ton tai mot ham NN t6i uu véi cac tham sé t6i uu nhu sau:

f(s) = W*@(s) + ¢ (8)

Trong dé: W* la gia tri trong s6 t6i uu, va € la vector sai
léch xap xi.

Gid thiét: Sai léch xap xi dugc giGi han:

llell < & 9)

G day g, la gia tri thuc duong.

Dau ra clia bo diéu khién NNs la gia tri xap xi va dugc tinh
theo cong thuc sau:

f(s) = WT@a(s) (10)

Trong d6: f, W la gia tri xap xi ca f*, W*,

wT = [WE,W;, v, WT T
4. THIET KE BO PIEU KHIEN ARNNSs

Muc dich thiét két bo diéu khién ARNNs dé khi Robot
dudi su tac dong cua luc T thi sai [éch bam gilta vi tri mong
muén cla cac khép qq vGi véc ta vi tri thuc t€ ca robot q ¢
thé dugc hoi tu vé 0 khi t — oo. C4u tric cla bo diéu khién
robot dugc thiét ké nhu hinh 2.

e & q didt
Qa

* ']
er
o ARNNs update Laws ARNNs
W = —ky 0(s)§”
i L ] k‘ L ] 2
" fix)
4

s . = Ysmel 1 q

' :-@to st)=é+de s\y » Youe = ksgn(s) >@ » Robot —r

'y

» > ky »@

. 5
| Ta= g0
T sl +
Ta

Adaplive update
Laws

- Kallsi®
Tl u
Hinh 2. Cdu triic hé thdng diéu khién robot cong nghiép

e(t), é(t) tuong ung la sai léch vi tri va sai léch van téc.
Luat thich nghi sé dugc xac dinh nhu sau:
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e®=qa—q (11)
s(t) =é+ e (12)
G day A = di agh;, Ay, ..., A,) |a ma tran khuéch dai hdng

s6 duong.
TUu cdng thic (1) c6 thé viét lai nhu sau:
M(q) * (4q — &) +C(q, @) *(@a —&) +G(q) =7
M(q) * (Gq +26—3) +C(q @) * (qa +Ae —s) +G(q@) =T
Ms + Cs = M(q) * (4q + A&) + C(q,q) (13)
*(qq +2e) +G(q) — T
Ms§+Cs=y—1 (14)
Gdayf = M(q) * (§q +2€) + C(q, @) * (qa + Ae) + G(q)
T s d6 cdu trac hé théng diéu khién robot hinh 2 ta cé:
T=?+YSIVC +kPS+T0( (15)
Trong d6 f tin hiéu dau ra ctia bo diéu khién NNs, §, y, 1a
b6 diéu khién trugt (SMC) va 1, la tin hiéu d4u ra cta bé diéu
khién thich nghi.
& day b diéu khién trugt dugc chon nhu sau:
ysme = Kssgr(s) (16)

B& diéu khién thich nghi dugc tinh toan nhu sau:
s

—a
lIsll + u

Thay (15) vao (14) ta thu dugc:
—Tqte (18)

(17)

Ty =

Ms = f— Cs —kpS — Vsm

Trongdé: f=f—f

Dé hé théng lam viéc 6n dinh viéc chon luat hoc thich
nghi ctia bd diéu khién sé dugc chon nhu sau:

W = kyB(s)sT
_ KallslP? (19
lIsll +

CHUNG MINH TiNH OGN DINH CUA HE THONG

Xét robot c6 phuong trinh déng hoc nhu phuong trinh
(1) va bo diéu khién NNs c6 luat thich nghi nhu céng thic
(19). Phan tich tinh 6n dinh cda hé théng theo thuyét
Lyapunov.

Xét ham Lyapunov cé phuong trinh nhu sau:

V(D) = %STMS +%(WT1<‘7V1W) + iaz (20)
Pao ham bac nhat V(t) theo th&i gian ta thu dugc
phuong trinh nhu sau:
V() = lsTMs +sTMs +L(WTW) ! —ad
kw K (21)

Thay (18) vao (21) ta c6:

. 1 ... -
V() ==s™™s +sT(f— Cs — kps — yspe — To + €)
2 (22)

+ ﬁ (WTW) + éad

Ap dung tinh chat 2 va thay th& W = —W, vao (22):
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V(t) = —sTkps + sT (f — Vs — Sy s)
lIsll +
1 : 1 (23)
—— (WTW alipep
T (W W) + o aa
Thay (16), (17) va (19) vao (23) ta c6:
V(t) = —sTkps — sTkesgn(s) +sTe (24)
SU dung cong thuc (9) vao (24) ta:
V() < —sTkps—sTkesgn(s) + ¢
( ) P s gI‘( ) 0 (25)

V(t) S‘STkPS
Do dé V(t) <0

Tu két qué cho thay hé théng dugc 8n dinh khéng phu
thudocvao s

5. KET QUA MO PHONG
I
7 7
A
0o 91L) |_|
00X o—» 0] X
X1 =
I I‘I yz
<_—> -

Hinh 3. Robot 3 béc tu do

Trong phan nay ching ta m6 phong hé théng diéu
khién cho robot céng nghiép 3 bac tu do (hinh 3).

Phuong trinh ddng hoc clia robot nhu sau:

Mi; My, Mgs]rds Cii Ciz Ci3[as

My Mj, Mos||dz| +[Cr Gz Cpzff4q2

M31 M32 M33l L3 C31 C3z Css3llqs
Gz -_ TZ

My, =12 ( +m, + m3) + 1;1,(m, + 2m3) cos(qy)
M12 _ 1 12 ( + m3) Coiqz) - 12 ( + m3)
Miz = M3 = M3y = M3, = 0, My, = Myy;

— 12 (M2 . —
M,, =15 (T‘*‘ m3>, M3; = mj3
Ci1 = —Q(m; + 2my); Cyp = Cyy;
Ci3=0Cp =03 =031 =C3,=C35=0

81 = 82 = 83 = —IM3g;
Trong d6 m;, m,, m; la khéi lugng cta khdp 1, khdp 2
va khap 3 tuong ung. 14, 15,15, la chiéu dai cta khép 1, khop
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2 va khdp 3 tuong Ung. g = 9,8(m/s) gia tri cla gia toc
trong trudng. q = [q; g, qz]T Vi tri cGa khép 1, khép 2 va
khép 3. Chon gia tri cGa vi tri mau cho khdp 1, khép 2 va
khép 3

dq = [d1a 92a 9zal”

= [0,5si §1,5t) 0,5sif2t) 0,5si1§1,5)]T

Sai léch binh phuong trung binh (MSE) theo vi tri dugc

xac dinh nhusau [11]:

2

MSE = Z3L.[q() — qa(®)] (26)

G day T 1a chu ky. Gia tri cia MSE dé danh gia hiéu suat
diéu khién ctia bo diéu khién.

NMSE la gid tri sai léch binh phuong trung binh tiéu
chuén cta phan hoi vi tri tinh trén 1 rad dé danh gia hiéu
suat diéu khién.

Thoéng s6 clia robot: m; = 4 (kg), m, = 3 (kg),

m; = 1,5 (kg);1; = 0,4 (m),l, = 0,3 (m),1; = 0,2 (m);

Cac budc thuc hién mé phéng trén phan mém Matlab

Budc 1: cai dat cac théng s6 clla mang na ron, cac hé sé
khuéch dai trong luét thich nghi: n, m, ky A, Kp, ke, K

Budc 2: Khai tao cac gi tri ban dau cta bo diéu khién
NNs v6i gia tri ngau nhién.

Budc 3: Cap nhan tin hiéu vao cta bo diéu khién NNs,
b6 diéu khién thich nghi, trong s6 ctia bd diéu khién NN,
tham s6 b6 diéu khién thich nghi, tinh toan s(t) theo cong
thuic (12).

Budc 4: Tinh todn dau ra cla bo diéu khién NNs theo
(10), dau ra bo diéu khién thich nghi theo cong thic (17).

Budc 5: Diéu chinh cac gia tri trong s6 cla bd diéu khién
NNs, cac tham s6 bo diéu khién thich nghi theo céng thirc
(19).

Budc 6: Dua ra cac trong s6 cla bo diéu khién NNs, cac
tham s6 cda bo diéu khién thich nghi va quay lai budc 3.

Trudng hop 1: Nhiéu dugc chon ¢6 dang nhu sau:

2si 1t)

To = |2si fit)

2si 1it)

Hé s& khuéch dai trong luat thich nghi (19)

ky = A = di ag5,5,5];

kp = di a§45,45,45];

ke = 0,1;k, = di ag0,1; 0,1; 0,1]

Cau tric cta bo diéu khién NNs v6i n = 6,m = 6.

Trudng hop 2: Hé thong dang lam viéc sau thai gian
0,4s ta dua thém nhiéu c6 dang nhu sau:

d.(t) = [40si §200) 40si§20t) 40si §20t) |7

Nhén xét: qua két qua mo6 phdong hinh 4, 5, chdng ta
thay réng ca ba bo diéu khién ARNNSs, AF [12] va PID déu
dam bao tinh 6n dinh va bén viing trong qua trinh diéu
khién robot. Tuy nhién, két qud mé phéng hinh 4, 5 va két
quad so sanh gia tri sai léch binh phuong trung binh trong
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bang 1 cho thay, bd diéu khién ARNNs sé hoi tu nhanh hon
va sai léch bam ciing nhu mé men diéu khién nhé hon bd
diéu khién AF [12] va PID. Diéu d6 ching minh rdng chat
lugng diéu khién robot bang viéc si dung bo diéu khién
ARNNs 6n dinh han, va kha nang bam dugc cai thién.

Bang 1. So sanh hiéu sudt cia bd diéu khién ARNNs, AF va PID trong trudng
hgp 1

Don vi: rad
NMSE - - -
Khép 1 Khop 2 Khép 3
ARNNs 5,156.10* 4,254.10°* 3,972.10*
AF[12] 1,434.10°3 1,045.10°3 1,134.10°
PID[14] 3,475.10° 2,546.10° 2,765.10°
05— . 400
= —Tin hicu mau = —ARNNs= =AF —PID
PR i ==ARNNs & .o
::; 0.2 / AF = 200 :.
S J PID 2 t
=2 ||r ‘5 I‘L
= g Uf%
= | = ]
= 2
= -0.2 3 -200
] =]
:5: .5 - g --IIJI)l
0 0.5 | 15 _.g 0 0.2 04 06 0.8
time(s) time(s)
0.3 - == = -
= —Tinhicumau | = 400 — ARNNs= =AF - PID
£ L= ~ARNNs &
o 0.2 i AF o 2008
g PID £ 0
i ||f { _5 IJ:"\
R 200
3 2
2 2.400
] 2 : ]
S I"u 0.5 | 1.5 = (1 0.2 04 06 08 1
time(s) time(s)
05 ; 400
= —Tin hieu mau é:’ j —ARNNs- ~AF— PID|
= 025 -"":{.{M'“ = 2004
z ] b AF c 4
2 / PID 2 '
£ ,f =
e B !
= =
5 =
902 S -200
= 2
2 z
= 0.5 - = -40n - i
o <02 0 0.5 | 1.5 = i 02 04 06 08
time(s) time(s)
(.05 (.06
= —ARNNs= =AF -~ PID/ = —ARNNs- -AF - FID
- 4 = 0,04 0.01
o g‘ (]
£ 0 f Er— \ 0 }\\-:. 4
e =
= = 002 .01
=005 £ 0 005 0l
Bl £ 0
= !
AL = -0.02
1] 0.2 0.4 0.6 0.8 1 ] 02 0.4 0.6 0.8 |
time(s) time(s)
(04 .
= —ARNNs= =AF-~-PID
g
=1
e .02
=
= |
g {
-E ] '.\‘
‘g
7]

-0.02
0 0.2 0.4 (L6 0.8

timel(s)

Hinh 4. K& qua mé phdng trung hop 1: Vi tri, M6 men diéu khién va Sai

léch bdm cdia robot tuong ting véi bd diéu khién bén viing thich nghi no ron
(ARNNs), md thich nghi (AF) va bd diéu khién ti 12 tich phan vi phan (PID)
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400

; ~+—Tin hiew mau| _ [—ARNNs—AF-- PID|
=04 - ~ARNNs E
E b AF £ 200
=1 s,
2" m g
£ of =
£ 3
E0 g
-] = =200
544 2
by S
Sue 2 400
] 0.4 l 1a ] 02 0.4 0.6 08
time(s) = time(s)
Tin hi 500
1= 110 gy mau; = pr
/ i £ — ARNNs= =AF - PID
04 - = ARNNs =z [l e
g |/ AF &
My PID &
g s = 2004
S nf = Kl
- E II
E 1 L}
2402 £ !
- = o it
] 2] N
o4 =
g g
S £-200 .
1} 0.4 : I 'S 0 0.2 04 0.6 08
time(s) time(s)
500
- ARNNs—AF ~ PID
__; 0.4 —'linhlul:u mau é‘ ssg ik
|5 -— ARNNs L {Steaad |
=02 =%
= AF 2 !
£ of _PID_ 2 ph—
= 3} =
E-0 g
3 S 250
.04 L=
) =1
&-0.6 £ 500"
0 0.5 | ] 0.2 0.4 0.6 0.8
time(s) = time(s)
(.05 0.06 - T T
ARNNs---AF—PID | — ARNNs--AF-—PID
_E' - |
E f E .04
T 0 .r.__ AL S
E &
:_ [ f: 0,02 |
3 £ 1
2008 N ik
5 = 0ff T VETAY AT
= L
0.1 02
1] 0.2 0.4 0.6 0.8 1 1] 0.2 0.4 0.6 0.8

time{s) timel(s)

Sai lech bam khop 3(rad)

0.02
0 0.2 04 6 0.8 1

Hinh 5. Két queimr‘ﬁ‘(;‘phdng trudng hop 2: Vi tri, M6 men diéu khién va Sai
I&ch bam cdia robot tuong ting véi bo diéu khién bén viing thich nghi no ron
(ARNNs), ma thich nghi (AF) va bd diéu khién ti I& tich phan vi phén (PID)
6. KET LUAN

Trong bai bao nay, bo diéu khién thich nghi bén viing
dugc xay dung trén co s& clia bo diéu khién truot bén viing
thich nghi no ron (ARNNs) dé diéu khién cho robot ba khép
da dat dugc do bam chinh xac cao trong méi trudng lam
viéc khac nhau. Trén cd s& thuyét 6n dinh Lyapunov, cac
tac gid da ching minh dugc hé théng luén luén én dinh
trén toan vung lam viéc. Hiéu qud cha bd diéu khién da
dugc kiém chiing qua mé phdng va dugc so sanh véi bd
diéu khién PID va bo diéu khién md thich nghi (AF) [12].
Quan sat két qua moé phong ching ta thay rang kha nang
bam, sai léch ban ctia bo diéu khién dua ra t6t hon bo diéu
khién PID va b6 diéu khién AF. T két qud mé phéng chung
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ta o thé tiép tuc nghién cliu dé dua vao thuc nghiém ciing
nhu dugc (ng dung vao thuc té.
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