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TOM TAT

Bai bao nay trinh bay phuong phap thiét ké bo didu khién truot bén viing véi hiéu suét
cao cho tay may robot. Py 1a hé thdng phi tuyén yéu cau d6 chinh xac bam quy dao cao
va duy tri hiéu qua dong hoc ctia tay may cho su phat trién cong nghiép. Bo diéu khién
dé xuét dugc thiét ké dam bao cac vi tri thyc té ctia tay may robot bam theo cac vi tri cho
truée v6i ham signum dugc thay thé bang ham hyperbolic tangent. Tinh 6n dinh cua hé
théng duoc ching minh bang ly thuyét Lyapunov. Cac két qua moé phong véi MATLAB/
Simulink cho thdy hiéu qua va tinh bén viing ctia bd diéu khién dé xuat véi thoi gian tang
dat 0,4962(s), thoi gian xac 1ap 1a 1,0483(s), sai s6 xac 1ap 1a 0(rad), 6 vot 15 12 0(%), tich
phan tri tuyét doi sai s6 (IAE - Integral Absolute Error) 14 0,1398, tich phan binh phuong
sai sO (ISE - Integral Square Error) 14 0,0378 cho thanh 1 v tuong tng véi thanh 2 1a
0,5377(s), 1,3956(s), O(rad), 0(%), 0,1395 va 0,0316.

Tir khoéa: diéu khién truot, bén virng, tay may robot, MATLAB/Simulink.

ABSTRACT

This article presents a method to design a robust sliding mode control with high
performance (RSMC-HP) for robot manipulators. This is a nonlinear system that
requires high trajectory tracking accuracy and effectively maintains the kinematics of the
manipulator for industrial development. The proposed controller is designed to ensure that
the actual positions of the robot manipulator follow the given positions with the signum
function replaced by the hyperbolic tangent function. The stability of the system is proven
by Lyapunov theory. Simulation results with MATLAB/Simulink show the effectiveness
and robustness of the proposed controller with the rising time achieves 0.4962(s), the
settling time is 1.0483(s), the steady state error is O(rad), the percent overshoot is 0(%),
IAE (Integral Absolute Error) is 0.1398, ISE (Integral Square Error) is 0.0378 for link 1
and link 2 are 0.5377(s), 1.3956(s), O(rad), 0(%), 0.1395, 0.0316, respectively.

Keywords: sliding mode control, robust, robot manipulator, MATLAB/Simulink.

1. GIOI THIEU trinh san xuét [1]. Py 1a hé thong phi
Robot cong nghiép (tay may cong tuyén yéu cau do chinh xac bam quy dao
nghi€p) duoc st dung rong rai trong qua cao va duy tri hiéu qua dong hoc cua tay
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may cho sy phat trién cong nghiép [2].

Thoi gian gan ddy, nhiéu nghién ctru
da duoc tién hanh nham phat trién va hoan
thién thuat toan diéu khién cho tay may
robot hai bac tu do, chéng han nhu: bo
diéu khién dung mang no-ron nhan tao [3],
nghién ctru da xay dung duogc giai thuat
huin luyén mang no-ron online gitp diéu
khién d6i tuong dugc linh hoat, giam thiéu
sai s6 do nhidu tic dong tir bén ngoai va
xay dung dugc phuong phap cdp nhat hing
s6 hoc dé mang hoi ty nhanh nhim tang
van téc di chuyén cua tay may. Phuong
phap diéu khién tré khang tich cuc két hop
mang no-ron [4] dé diéu khién hoi tiép
tay may robot dua trén cac dai lugng do
duoc (vi tri, tdc do cling nhu ngoai luc tac
dong), va kha nang nhan dang cic tham
$6 dong hoc, dong luc hoc voi muc tiéu
c6 thé diéu khién tay robot bam chinh xac
quy dao. K§¥ thuat diéu khién truot [5], [6],
so voi phuong phép PID (vi tich phan ty
18) truyén thong bo diéu khién truot cé uu
diém ludn 6n dinh, bén vimg dam bao vi
tri va luc tuong tac cua diém tac dong cudi
ludn bam theo gia tri dat trude ké ca khi
tham sé dong luc hoc canh tay robot thay
ddi. Bo diéu khién chuyén mach dua trén
luat tiép can dugc diéu chinh thich nghi
cho céc hé théng diéu khién robot sir dung
phuong phéap quan sat nhiéu (DO) [7], bd
DO tiéu chuin duoc sir dung dé woc lugng
cic nhidu dong chua biét cua tay may,
luat tiép can duoc diéu chinh thich nghi
duogc thiét 1ap dé tu dong diéu chinh do
loi chuyén mach cua diéu khién truot bén
vitng va dam bao hon nira sy xuét hién cta
mat truot thoi gian hiru han da thiét lap.
Két qua md phong cho thdy bo didu khién
duogc phat trién dat duoc kha nang bam
nhanh chéng, giam chattering ctia hé thng
va cai thién do bén viing cta tay may. Ky
thuat diéu khién bén viing [8], [9] bao gdm
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diéu khién truot sira d6i va diéu khién cuén
chiéu, két qua mo phong ching minh rang
diéu khién truot sira d6i bén vimng hon, chii
yéu 13 duéi tac dong cua cac bién thé bén
ngoai va do bat dinh. By diéu khién no-
ron trugt thich nghi nhanh (AFSNC) [10],
thuat ngir thich nghi duoc str dung dé giam
su bat dinh do dong luc hoc khong duogc
mo hinh hoéa. Sai s6 bam tiém cén hoi tu
vé 0 theo dinh ly 6n dinh Lyapunov. Két
qua thi nghiém cho thay phuong phap diéu
khién duoc dé xuét thuc hién bam chinh
xac quy dao mong mudn trong thoi gian
hiru han. K¥ thuat logic mo d6i phé véi cac
nhiéu tham sé moé hinh da duoc dé cap [11],
két qua mo phong cho thdy do bén ving,
dap ung nhanh, kha ning loai bo nhiéu va
kha nang bam t6t. Mang no-ron séng mo
cau trac dong (FWNNSs) [12], FWNN bén
16p trong cdu tric dong FWNN duogc xay
dung trén co s& cac quy tic mo lién két voi
ham wavelet, bang cach sit dung FWNN
cau truc dong, hé thong diéu khién dé xuét
dat duoc hiéu suit bam mong mudn, su On
dinh va bén vimng. Diéu khién du doan mo
hinh [13] dé diéu khién canh tay robot tir
cau hinh ban dau dén cu hinh cudi cﬁng
bang cach sir dung phuong phap diéu khién
du doan bang cach glam thiéu tiéu chi bac
hai. M6 hinh héa bing SimMechanics va
bd diéu khién tich hop vi phan ty 1& - mo
(Proportional  Derivative-Fuzzy Logic:
PD-FL) dé diéu khién vi tri diém — diém
va bam quy dao (hinh tam gidc va hinh
thoi) robot 2 bac tu do [14], bo diéu khién
PD-FL ¢6 vu diém la it luat mo, giap khéc
phuc duogc van dé vé thoi gian tinh toan ctia
bo diéu khién logic mo. Bo diéu khién vi
tich phan ty 1¢ (PID: Proportional Integral
Derivative) va hoi tiép vi phan phai sinh
(PDF: Pseudo Derivative Feedback) dugc
so sanh trong [15], két qua mé phong cho
thy thuat toan diéu khién PDF to ra vuot
trdi hon thuat toan diéu khién PID bang
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cach so sanh cac dap tng trong MATLAB.
Do vot 16 xuét hién trong thudt toan PID va
khong xuat hién trong thuat toan PDF.

Muc tiéu ciia nghién ctru nay 1a thiét
ké bo diéu khién trugt bén viing voi hiéu
suat cao dé diéu khién bam quy dao tay
mady robot 2 bac tuy do. Ham signum trong
diéu khién truot truyén thong duoc thay
thé bang ham hyperbolic tangent (con goi
12 ham fanh) dé nang cao hiéu qua diéu
khién va khic phuc hién tugng dao dong
v6i tan sb cao quanh mat truot (hay hién
tuong chattering). Cac chi tiéu chat lugng
dat duoc cua bd diéu khién dé xuét trong
nghién ctru nay duogc so sanh véi bo didu
khién PD [14], PID va PDF [15]

Bai bao duoc t6 chirc gdm 4 phan nhu
sau: Phan 2 trinh bay mo hinh toan hoc
cua tay may robot; bo diéu khién truot bén
vitng voi hiéu suét cao cho tay méy robot
duoc thiét ké trong Phan 3 va Phén 4 1a két
luan.

2. MO HINH TOAN HQC CUA TAY
MAY ROBOT

H¢ tay may robot 2 bac tu do trong mat

phang thing dtmg dugc trinh bay nhu Hinh
1[16],[17], [18].

Hinh 1. M6 hinh tay mdy robot 2 bdc tu' do

Trong d6, m, va I 1a khéi luong va
chiéu dai cua thanh i (i =1, 2), g 1a gia toc
trong truong va g, la vi tri cua thanh 4, / ,
1a khoang cach tir khop (i-1) d&én tam khoi
lwong cua thanh i va /. la mdmen quén tinh
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cua thanh i v& mot truc di qua tam khdi
luong cua thanh i.

Phuong trinh dong hoc tay may robot
duoc mo ta nhu [16], [17], [18]:
M(q)§+C(q.4)4+G(q)=7-7, (1)
voi
M(q){pﬁpzﬂpacosqz ps+pscosq,
D, + P3€08¢, P,
la ma tran quan tinh xac dinh duong
_ -p.g4,sing, —p,(q,+q sinq_
C(q,q):|: 3'2‘ 2 3(1 2) 2
Psq, 814, 0
la ma trdn quén tinh
p,L£Cosq, + psg COS(% +C[2)
G(q)=
Dsg COS(% +QZ)

la vector quén tinh
2 2
p=mli+m)l+1,p,

= mzlczz + ]2»]73 = mzlllcz

7, =20sign(q) 1a nhiu chua biét, ¢
la toa do chung tong quat, = la mémen
quay ctia khdp (ngd vao diéu khién).

Trong ky thuat thuc té, M (q), C(q.4)
va G(q) trong (1) thudng chua biét va c6
thé dugc bieu dién nhu (2), (3) va (4) sau:

M(q)=M,(q)+E, 2)
C(q,t])=C0(q,q)+EC (3)
G(q)=G,(q)+E, 4)

Trong d6, E,,, E. va E, lasaisé md
hinh cua M (q), C(q.4) va G(q).

3. THIET KE BQ PIEU KHIEN
TRUQT BEN VUNG VOI HIEU SUAT
CAO CHO TAY MAY ROBOT

3.1. Thiét ké bé diéu khién

Sai s6 bam vi tri duogc dinh nghia nhu
(5) sau:
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e(t)=4,(1)-4(1) (5)
voi q, (t)llé vi trf mong muén va ¢(r)
1a vi tri thuce té.
Mait truot dugce dinh nghia nhu (6) sau
[19]:
s=e+ke (6)

t=M(q)§+C(q,

M, (4)d. +C,(a

trong do, E'=E, q +E_q +E

B6 diéu khién cho robot duoc thiét ké
nhu (1) sau:

T=7,+K s+K._[sdt+z- (10)
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trong do, x >0
binh nghia:

g, =s(t)+q(t)=q, +xe (7)
Pao ham cua (7), ta dugce (8):

g, =5(t)+§(t)=4q, +xe (8)
Tur (1), ta co:

9)4+G(q)+7,

M(q)(4,—-5)+C(9.9)(4,-5)+G(q)+7,
M(q)4,+C(q9)4,+G(q)-
4)q,+G,(q)+E'-M(q)s-C(q.q)s+z,

M(q)s-C(qq)s+, )

danh dinh, 7 la thanh phan bén ving, va:
z-m = MO (q)qs + CO (qa q)qs + GO (q) (l 1)

trong d6, K,>0, K;>0, 7, ky hi¢u va E=FE'+zt,.

thanh phan dleu khién dwa tren mod hinh

M,(q)§,+Cy(q.q)4,+G,(q)-M(q)s-C(q.q)s+E'+7,

=M,(q)§,+C,(q9)q, +G, (q)+KPS+KiIsdt+Kssign(s)
0

Vi thé,

3.2. Phin tich on dinh
Ham Lyapunov kiéu tich phan dugc
thiét ké nhu (15):

t T t
V=%STMs+%Usd1J Ki[jsdz'J(IS)
Sau do, ’ ’
t
V=s" MS+%Ms+KiIsdT} (16)

, 0

Xét dac tinh doi xung nghiéng

cua phuong trinh dong hoc robot,
s’ (M—2C)s= 0,taco(17)

V=ST{MS+Cs+KiJ’sdT} (17)
0
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M(q)S+C(q,Q)s+KiIsdt=—Kps—Kssign(s)+E
0

7. =K sign(s) (12)
VO’I K dlag[ it ]’ sii
Tur (9) dén (12), ta co:
(13)
(14)

Thé (14) vao (17), ta c6 (18):
V=-s"K,s—s"Ksign(s)+s"E

— K, s-Y K, s +s"E (18
i
Xeét k>
V<—s'K,s<0 (19
Tu day,
) (20)

t t
A j <[s"K,s<V (0
0 0
A ) 1a tri riéng cuc tiéu
cua K,.
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Vi V(0) va A,
s6 duong, nd theo sau la seL,. Tuong
tu, ee L)L, , € 1a lién tuc, e >0 khi

t>ovaeel.

(Kp) la cic hing

Hon thé nita, vi ¥ <-s"K s<0, n6
theosaula 0 <V <V (0),Vr>0.Vi thé,
V(t) el ,nguy rﬁng J-sdr bi gidi han.

0

To ees’NL , ecl; va q,,4,€L,
ta c6 thé két luan rang qg. €L, va g eL,
bang cach quan sat ring sel, va tu
q,.7, € L', ta co thé két luan rang §e L’
tu (14) va e L tur (10).

Siwdung se L) va Fel’,vithé s >0
khi t —»>o0,va e—>0 khi t > .
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DPé dat hiéu qua cao trong diéu khién
tay may robot, nghién ctru tién hanh thay
thé ham signum trong (12) bing ham
hyperbolic tangent (con goi la ham tanh)
nham khic phuc hién tuong dao dong tan
s6 cao quanh mit truot trong phuwong phép
diéu khién truot truyén thong.

3.3. Két qua va théo lugn

So d6 mé phong bo diéu khién truot
bén vimg dya vao md hinh danh dinh voi
hiéu suit cao (RSMC-HP: Robust Sliding
Mode Control with High Performance) cho
tay may robot trong MATLAB/Simulink
nhu Hinh 2.

q
.dl ’
- - q‘“)
9a1-941>941-942-9 02592 Demu ! ‘?dz ol Mux X
i >
Ngo_vao —
Mux 7,7,
—p> Muxp—{ RC_NM Robot [—e
pPDemux
5158,
Tich_phan ;— — —l—b tol2
(O— .
QDqDQJ!:vQ)_

Hinh 2. So dé6 mé phéng bé diéu khién dé xudt cho tay mdy robot trong MATLAB/Simulink

Chon p=[2,9 0,76 0,87 3,04 0,87],
céc trang thai ban dau cua tay may robot 1a
g,=[0,09 —0,09] va g4, =[0,0 0,0],va
M,=08M,C,=0,8C, G,=0,8G.Quy
dao mong mudn 1& 9, =94, = O,S(rad)
va ¢, =0,5sin(zt), g, =sin(zt). Cic
thong s6 cua bo diéu khién duogc chon 1a:

100 0 100 0
K, = ¢ ,
’ {o 100} ’ [0 100}

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG

15 0 . 50
K = va K = .
* 0 15 0 5

Hinh 3 va Hinh 4 trinh bay dap ung
va sai s6 thuc tef cua q, va q, tay may
robot v&i bo dieu khién RSMC-HP khi
d,,~9,,=0,5(rad). Vi tri gé‘c quay thuc té
cua thanh 1 (q,) hoi tu vé€ goc quay dat
trude (q,,) voi thoi gian tang dat 0,4962(s),
thoi gian xac 1ap 1a 1,0483(s), sai s6 xac
lap 1a O(rad), do vot 16 1a 0(%), IAE dat
0,1398, ISE dat 0,0378 va tuong Gng voi
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thanh 2 la 0,5377(s), 1,3956(s), O(rad),
0(%), 0,1395 va 0,0316. Cac chi tiéu chat
luong nay dugc trinh bay trong Bang 1,
Bang 2 va duogc so sanh vdi bd diéu khién

PD (Proportional Derivative) [14], PID
Papimgq ,, VA4 | cia tay may robot véi by RSMC-HP
0.6

_ 04 -
E
k=3
: 02 —_— =y
E a

0 | | | | 1

0 1 2 3 4 5

Sai 6 giira q ar vaq | ciia tay may robot véi by RSMC-HP

e
o

Bién do(rad)
S S
=) N -
o

| I I
1 2 3 4 5
Thoi gian(s)

°

Hinh 3. Ddp tng va sai sé cia thanh 1 véi bé
diéu khién RSMC-HP khi qd1=0,5(rad)
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(Proportional Integral Derivative) va PDF
(Pseudo Derivative Feedback) [15]. Két
qua so sanh cho thdy su phu hop cua bd
diéu khién d¢ xuit ap dung cho tay may
robot 2 bac ty do trong nghién clru nay.

Pipimgq  , vaq , ciia tay may robot véi by RSMC-HP

0.6

0.4
0.2 /

0

Bién d(rad)

0 1 2 3 4 5

Sai s§ gitra q viq  cia tay may robot véi b RSMC-HP

0.6

0.4

0.2

Bién do(rad)

0

0 1 2 3 4 5
Thoi gian(s)

Hinh 4. Bdp iing va sai sé cda thanh 2 véi bé
diéu khién RSMC-HP khi qd2=0,5(rad)

Bang 1. Cac chi tiéu chat lwong dat duoc cua thanh 1 bo diéu khién RSMC-HP

0 i | e | Ton" pany | e | 15E
RSMC-HP | 0,4962 1,0483 0 0 0,1398 | 0,0378
PD [14] 0,1539 1,732 9,431 0 - -
PID [15] 0,5366 6,3971 49,9970 - - -
PDF [15] | 0,5753 1,0984 0,0850 - - -
Bang 2. Cdc chi tiéu chat lwong dat dwege cuia thanh 2 bo diéu khién RSMC-HP
e | et | o | ey, | WE | 152
RSMC-HP | 0,5377 1,3956 0 0 0,1395 | 0,0316
PD [14] 0,1042 0,495 10,556 0 - -
PID [15] 0,8248 6,7731 31,2844 - - -
PDF [15] 0,6441 1,3293 5,5¢-6 - - -

Tin hi¢u diéu khién ctia thanh 1 (t,) va
2 (t,) v6ibo diéu khién d¢ xuat cho tay may
robot dugc trinh bay & Hinh 5. Hién tugong
chattering trong bd diéu khién RSMC-HP d

duoc khic phuc so vdi bd diéu khién RSMC
truyén théng (Hinh 6). Didu nay ching to
hiéu qua cta b diéu khién RSMC-HP (ham
tanh) cho tay may robot.
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Tin hiéu diéu khién thanh 1 véi b6 RSMC-HP

400
71
g 200 1
5
8
<)
0
0 1 2 3 4 5
Tin hi¢u diéu khién thanh 2 véi b RSMC-HP
300
T2
_ 200 |
g
2
5
T oo
<)
0
0 1 2 3 4 5
Thoi gian(s)
Hinh 5. Tin hiéu diéu khién thanh 1 va 2 véi bé
diéu khién RSMC-HP
Tin hi¢u diu khién thanh 1 véi b RSMC
£
Z
g
&
2]
Tin hi¢u diéu khién thanh 2 véi by RSMC
50
E oo
=
]
£
s
50 | | I L 2
0 1 2 3 4 5

Thoi gian(s)
Hinh 6. Tin hiéu diéu khién thanh 1 va 2 véi bé

diéu khién RSMC véi ham signum

Pép ung va van téc bam thuc té cua
tay may robot v6i bo diéu khién RSMC-HP
khi q,, =0,5sin(xt) va q ,=sin(xt) dugc trinh
bay trong Hinh 7 va Hinh 8. Cac vi tri (q,
va q,) va van toc thuc té (dq, va dq,) cua
tay may robot van hoi tu vé vi tri (q %!
q,,) va van téc mong mudn (dq a vVadq,)
v6i sai s6 xac lap tién vé 0.

Hiph 9 va Hinh 10 trinh bay dép tng
thyc té cua tay may robot khi ngd vao
q,,=0,5(rad), q,,=0,5(rad) va q ,=0,5sin(xt),
q d2=~sin(nt) tuong ung, trong truong hop cd
nhiéu tac dong ¢ ngd ra cua tay may vdi
cong suat 0,0001(w), tl}(‘)’i gian lay mau
0,01(s). Céc vi tri thyc t€ (q, va q,) cua tay
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may robot van hoi ty vé vi tri mong muon

(qdl va qd2)

bipingq vaq , cua tay may robot bd RSMC-HP véi since
0.5
=
g o0
b
<
o
@
05 L
L | L |
0 1 2 3 4 5
Pap ing q a2 vaq ) cia tay may robot b RSMC-HP véi since
1 T
E)
3z
<
=
b
=3

Thoi gian(s)

Hinh 7. Ddp iing cua thanh 1 va 2 véi bé RSMC-HP khi
qd1=0,5sin(mt) va qd2=sin(mt)

Van téc bam thanh 1 véi bd diéu khién RSMC-HP

Bién do(rad/s)

Bién do(rad/s)

Thosi gian(s)

Hinh 8. Ddp ting véan téc bdm cia thanh 1 va 2 véi bé
RSMC-HP khi qd1=0,5sin(mt) va qd2=sin(mt)

Dap ing q 1 cua tay may robot b RSMC-HP véi q a l=0.5(rad) khi c6 nhifu
0.6
o
04 L |
l 1
& |
g |
s 02 L i q,
@ | -y
0 | L L
0 1 2 3 4 S
Pap ng q 2 clia tay may robot b RSMC-HP véi q q z=0.5(rnd) khi ¢6 nhiéu
0.6
T T T
- —
_ 04 L |
3 |
= |
b=t
5 02 ! 1 q,
@
- =y,
0 | L | L
0 1 2 3 4 5

Thoi gian(s)

Hinh 9. Ddp ting cta thanh 1 va 2 véi b6 RSMC-HP khi
qd1=0,5(rad) va qd2=0,5(rad) trong truong hop c6 nhiéu
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Dipimngq | ciia tay may robot by RSMC-HP véi since khi ¢6 nhidu

Bién do(rad)

1

Bién do(rad)

0 i > 3 J s
Thoi gian(s)

Hinh 10. Bdp ting cua thanh 1 va 2 v6i bé6 RSMC-HP khi

qd1=0,5sin(mt) va qd2=sin(mt) trong trudng hop cé nhiéu

Cac két qua dat duoc da ching minh
su pht hop, tinh hiéu qua va bén viing cia
b6 diéu khién d& xuat ap dung cho tay may
robot 2 bac tu do.

4. KET LUAN

Bai bao di thiét ké bo didu khién truot
bén viing véi hi€u suat cao cho tay may
robot. B di¢u khién dé xuat duoc thiét ké

ISSN 2681 5-9945

dam bao cac vi tri thuc té ctia tay méay robot
bam theo céc vi tri cho trudc. Ham signum
da duoc thay thé bang ham hyperbolic
tangent (hay con goi la ham fanh). Cac
két qua mo phong voi MATLAB/Simulink
cho thdy hiéu qua va tinh bén viing cta bd
diéu khién dé xudt voi thoi gian ting dat
0,4962(s), thoi gian xac lap 1a 1,0483(s),
sai s6 xéac lap 1a O(rad), do vot 16 1a 0(%),
IAE la 0,1398, ISE 1a 0,0378 cho thanh
1 va tuong Gng vai thanh 2 1a 0,5377(s),
1,3956(s), O(rad), 0(%), 0,1395 va 0,0316.
Ngoai ra, cac két qua dép tng thuc té cua
tay may robot trong truong hop ngd vao
thay d6i hodc nhidu ngoai tac dong & ngd
ra cia tay may van tién vé cac vi tri mong
mudn. Piéu nay di thé hién su phu hop,
tinh hiéu qua va bén viing cua bd diéu
khién dé xut 4p dung cho tay may robot.
Trong thoi gian to1, nghién ctru s€ ap dung
cac k¥ thuat diéu khién théng minh hozc
giai thuat t6i wu cho robot nay.
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