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TOM TAT
Nghién czzu ndy nham muc tiéu thiét ké bé diéu khién trirot backstepping cho ing
dung diéu khién robot hai bdc ti do dwa trén phwong trinh dong liuc hoc. Bé diéu
khién dé xudt duwoc thiét ké véi muc dich diéu khién tin hiéu cac goc khop cua robot
bam theo tin hiéu dat tride, ciing nhwe quy dao khau cuéi bam theo quy dao mong
muon va co thé cdi thién hién tuwong dao déng quanh mdt trieot, ma la nhwoc diém
cua bg diéu khién truot truyén thong. Két qua md phong dwa trén phan mém
MATLAB/Simulink cho thdy ddp ing vi tri cac khép cua robot cé thoi gian xac ldp 1a
0.2(s), khéng cé dao dong, sai sé xac ldgp bi triét tiéu, hién fwong dao déng quanh
mdt trueot dwoc Cdi thién dang ké. Ngoai ra, bg diéu khién con dap g dwoc khi co
nhiéu tdc déng vao hé thong.
Tir khéa: Béng liec hoc robot, Denavit-Hartenberg (DH), diéu khién cuon chiéu,
diéu khién tricot, MATLAB/Simulink
1. Giéi thigu phuong phap diéu khién phu hop.
Robot céng nghiép dugc sir dung  Nhiéu phuong phap diéu khién da duoc
rong rai trong ky thuat va cong nghé,  trién khai cho cac hé thong nay dé dat
tuy nhién robot cong nghiép 1a nhitng  dwoc mot hé thdng diéu khién chinh
hé thong phirc tap, duoc ghép ndi linh  xéc, bén viing va hiéu qua (Rahmani et
hoat, phu thugc nhiéu vao thoi gian va al., 2020). Nghién cuau (Vu, 2021) da
phi tuyén tinh cao. Nhitng robot ndy  ung dung b diéu khién hoi tiép tuyén
duoc st dung phd bién trong cac cong  tinh hoa dé didu khién mé hinh robot ba
viéc nhu han, phun son, hé théng dinh bac tu do. Bai bdo (Zakia et al., 2019)
vi chinh xac, v.v. (HUSEYINOGLU &  di diéu khién mé hinh robot hai béc tu
Tayfun, 2018). Robot vai hai bac tu do do dua trén thuat toan PID-SMC. Trong
la mot vi du dién hinh vé& hé phi tuyén  (Rojas et al., 2016) da wng dung bo diéu
nhiéu ngd vao, nhiéu ngd ra. N6 dai  khién LQR dé kiém soat cac khop cua
dién dé thir nghiém va danh gia hiéu  robot hai bac tu do. Bo diéu khién mo
suat cua cac khai niém diéu khién khac ~ da duoc xay dung dé diéu khién robot
nhau va da dugc mét sé nha nghién cau hai bac tu do trong (Dersarkissian et al.,
sir dung dé nghién cau va so sanh cac 2018). Trinh bay (Thang, 2019) da ap
phuong 4n diéu khién khac nhau  dung bo diéu khién truot truyén thong
(Mohammed & Eltayeb, 2018). Bo diéu  dé diéu khién robot hai bac duoc mo
khién robot da duoc sir dung rong rai hinh héa dya trén Simmechanics.
trong cdng nghiép. Bé cai thién hiéu Bo diéu khién truot (SMC — Sliding
suit diéu khién can phai lya chon mét ~ Mode Control) dugc biét dén 1a cong cu
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manh mé& dé diéu khién cac dbi tuogng
phi tuyén (Thien et al., 2021), ngoai ra
con 1a mot trong cac phuong phap diéu
khién hiéu qua hé théng véi wu diém 1a
tinh 6n dinh bén viing ngay ca khi hé
théng nhidu hay déi twong cé théng s6
cia mo hinh thay d6i theo thoi gian
(Lesniewski & Bartoszewicz, 2021).
Tuy nhién, nhuge diém chinh caa bo
didu khién truot 12 hién twong dao dong
tan sb cao (con goi la hién twong
chattering) quanh mat truot. Hién tuong
chattering do su khdng hoan hao va
cham tré thoi gian trong chuyén mach,
do thiét bi truyén dong hing s thoi
gian nho, cac mach cong suat dé bi qué
nhiét dan dén hu hong (Zarma et al.,

Yo

2018; Tung et al., 2022). Phuong phap
backstepping dua trén ly thuyét 6n dinh
Lyapunov va thuong duoc sir dung nhu
mot phan cua thiét ké diéu khién (Khan
et al., 2021). Y tuwéng chinh cta phuong
phap backstepping I bién déi hé thong
bac cao thanh céac hé thdng bac thap dua
trén phwong phap dit bién trang thai.
Phuong phap nay da duoc ap dung rong
trong cac ky thuat diéu khién, dién hinh
nhu trong k¥ thuat hang khong, k¥ thuat
co khi, v.v. (Zhang et al., 2020).
2. M6 hinh toan d6i twong diéu khién
2.1. Dong hoc robot

Pong hoc thuan

Khao sat md hinh robot hai bac tu
do nhu Hinh 1.

Hinh 1: M6 hinh robot hai bdc tw do

M6 hinh robot hai bac ty do cé hai
khau véi khéi luong lan Tuot 1a m,, m,;
chiéu dai cic khau tuong ung 1a I, 1,;
cac bién khép 6,,6,c6 chiéu duong
duoc quy dinh nhu Hinh 1 va diém cudi
(diém thao tac) cua robot 1a P(x, Y, z).

Bang 1: Bdng théng s6 DH
Khau a, a. d. 6.

Pé thuc hién bai toan dong hoc
thuan can dit hé toa toa d6 theo quy tic
DH (duoc trinh bay nhu Hinh 1) va
thiét 1ap bang thdng sé6 DH (duoc trinh
bay nhu bang 1). Khi d6 cac ma tran
chuyén d6i duoc xéc dinh:

cosg, —sing, 0 | cosé,
HO - sing, cosg, 0 I sing, 1)
0 0 1 0
0 0 0 1
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cosd, -sin@, 0 I,cosé, Tur cac ma tran (1) va (2) suy ra ma
H! = sind, cosd, O lsind, @ tran chuyén ddi tong quat (3).
0 0 1 0
0 0 0 1
cos(6,+6,) -sin(6,+6,) 0 | cosé +l,cos(E, +6,)
HO = HOH: = sin(6,+6,) cos(6,+6,) 0 Ising +1,sin(6,+86,) 3)
0 0 1 0
0 0 0 1
Pong hoc nghich duogc vi tri cuia khau chap hanh cudi va
Nguoc lai véi bai toan dong hoc cac thdng s vat ly caa robot.
thuan, bai toan dong hoc nghich robot Duya vao két qua (3), dé dang xéc
x4c dinh gié tri cac bién khép khi biét  dinh cac bién khép nhu (4) va (5).
0 — atan? \/1_ X I1+I2c02502 erylzsmez] X I1+I2c02592 erylzsmez] @)
XX +y XX +y
X2+y2_|2_|22 X2+y2—|2_|2
0,=atan2|+, [1— Lz, — (5)
211, 211,
2.2. Dong lwc hoc robot 7, X
DPong luc hoc cua robot hai bac tu T= ; la vector moment tac dong Ién
do c6 dic trung 1a tinh phi tuyén caova |, -
cac khap.

c6 dang tong quat dugc thé hién nhu
phuong trinh (6) (Thang, 2019).

M(0)0+V (6,0)+G(6) = (6) My, = (M, +m, )12 +m,I2 +2m,L1, cos 6,

trong do:

\ _ 2
v&i cac thanh phan: My, =m,l; +m,Ll, cosd,

_ 2
M,, =m,l; +m,l1, coséd,

M M X R L
M= " | la ma tran quan tinh
M21 MZZ

2
M,, =m,l,
(ma tran vudng); V, =-m,l,1,8,sin 6, —2m, 11,6, sin 6,

V ) %2
V = Vl} la vector huéng tdm va luc V, =m,l,16 sing,

2

G, =(m, +m,)gl, cos,+m,gl, cos(6, +6,)
Coriolis;

G, =m,gl, cos(, +6,)
G

= l} la vector trong luc;

GZ

114



TAP CHI KHOA HOC - PAI HOC PONG NAI, SO 30 — 2024

ISSN 2354-1482

Dua trén phuong trinh dong luc hoc
(6) tién hanh mo hinh héa va diéu khién
robot hai bac tue do trén
MATLAB/Simulink dé kiém tra két qua

cua bo diéu khién dugc dé xuét, voi cac
thong s6 md phong dugc trinh bay nhu
Bang 2.

Bang 2: Théng sé mé phong cho mé hinh

Ki hi¢u Y nghia Gia tri
my Khéi luong ctia khop 1 1 kg
m; Khéi lugng cua khép 2 0.8 kg
l1 Chiéu dai cua khdp 1 1m
I Chiéu dai cua khép 2 1m

g Gia toc trong trudng 9.81 m/s?

3. Thiét ké bd diéu khién
3.1. Piéu khién trwot backstepping

So d6 cau trdc bo didu khién truot
backstepping cho robot hai bac ty do
dugc trinh bay nhu hinh 2. Trong do,

nhiém vu chinh cua bo diéu khién duoc
dé xuét 1a cung cap tin hiéu diéu khién
u dugc tinh toan dya trén sai sb e, sai s6
nay dugc tinh dua trén hiéu sb cua tin
hi¢u datyqvatinngdray.

Diéu khién
trugt-backstepping

Robot
| hai bac tu do

J’d?e

Hinh 2: Cdu tric b diéu khién trirot-backstepping

Tu phuong trinh (6) suy ra (7).
b=m(0)" - m(0) v (0.6)-M(0)*G(0)(7)

Dit bién trang thai:

X=0=y
{ - (8)
x, =0
<:>{).(1=x2 (9)
%, =0=M(0) t-M(0)"V(0,0)-M(6)" G(0)

VGi X, X, 12 ma tran céac bién trang
thai va y la ma tran ngo ra.
Pt
f()=-M(0)*V (6,6)-M(6)

-1

G(9)
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va g(x)=M(6)", khi do (9) tuong
duong (10).

-1

bat e =x, -y, voi y, la tin hiéu
dat, khi do ta co (11).

=X Yy =%~

X=X,

K== 100+ g

)

Yo (1)

Chon ham Lyapunov tht nhat nhu
cong thac (12).

Ve (12)

SV=eg=e(%-Y,) (13
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Pé thoa didu kién V, <0, chon mat  dao hinh tron (cong thuc (17)) va hinh
trugt nhu (14) theo (Liu & Wang, Lissajgus (céﬁng thuc (18)), bévn canh do6
2011). bo dieu khién con du’(ff kiém chiing
dudi tac dong cua nhiéu. Tién hanh
kiém chimg dap wng cua bo diéu khién

Chon ham Lyapunov thir hai nhu  guoc dé xuat, tac gia khai bao cac thong
cong thic (15). s6 md hinh diéu khién nhu Bang 2 va

V, =V, +1512 (15) chon cac hang so trong luat dieu khién

S=X,+Ce -y, =Ce +€,c,>0 (14)

voi ¢, =10, ¢, =35 va n=1.

Pé thoa diéu kién \72 <0, chon luat
diéu khién nhu cong thirc (16).

L (1 -c,s-¢,~c6,+, ~nsions)) (16) y=1+ 0.25005[%t + %) (17)

x=1+0.25sin ﬁt +Zj
10 2

U= ——
9(x)
trong d6: c,,c, la hé sd cia mit truot, z=0

n > 01a hé s6 cua bo diéu khién. .
X =1+0.25co0s 0.5*t+E

3.2. Két qui mé phong
Dé chang minh hiéu qua cua bo diéu y =1+0.25sin (0.5*3t +Zj (18)
khién dugc dé xuat, tdc gia di mé 2

, , . A £ N Lz ~ z=0
phong vai khau chap hanh cuoi cé quy
0.8 T T T 2 T
Tin hiéu dat Tin hiéu dat
0.6 = = =Tin hiéu thyc | | — — —Tinhiéu thye
E- g 1.5}
T 04 g
= N
L ©
% 0-2 © I
e ey
— Fosl
0 L
0.2 : : 0 . : :
0 5 10 15 20 0 5 10 15 20
Thoi gian [sec] Thoi gian [sec]

Hinh 3: Pdp ng ngd ra v; tri cua cac khop khi quy dao hinh tron
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1.2¢

117+

y [m]

09F

0.8F

Tin hiéu dat
= = =Tin hiéu thyc

0.8 0.9

Hinh 4 trinh bay két qua diéu khién
ctia bd diéu khién trugt backstepping khi
robot di chuyén theo quy dao hinh tron.
Két qua cho thiy dap tng cia cac goc
khdp khong xuét hién d6 vot 16, khong co
dao dong va sai s6 xéac lap tién vé 0, quy

1

11 1.2 1.3

X [m]
Hinh 4: Ddp iing quy dao hinh tron ciia khdu chdap hanh cuéi

dao cua khau cubi bam tét so voi quy dao
dat hinh tron c6 ban kinh 0,25m. Ngoai
ra, sai s0 ctia cac goc khép thuc té so véi
tin hiéu dat hoi tu vé 0, diéu d6 duge thé
hiénqua hinh 5.

0.8

0.6

0.4

0.2

Sai s6 [radian]

Saisb 1 |
Saisb 2

-0.2

0.4

10 15 20

Thoi gian [sec]

Hinh 5: Sai 56 vi tri ciia cdc khép khi quy dao hinh tron

Dé kiém chung thém hiéu qua cia bd
diéu khién duoc dé xuit, nhom tac gia
tién hanh mo phong diéu khién khi khau
cudi ¢6 quy dao hinh Lissajous. Két qua
diéu khién dugc trinh bay nhu hinh 6 va
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hinh 7 cho thdy dap img dam bao céc tiéu
chi chét luong hé théng nhu d6 vot 14,
thoi gian tang, thoi gian xac 1ap va sai sd
xac lap. Quy dao khau chap hanh cudi hoi
tu vé chat luong bam can ti wu.
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Theta 1 [radian]

0.8
Tin hiéu dat
0.6} = = =Tin hiéu thuwc| |
1
04/
I
|
0.2
O L
-0.2 . ‘ ‘
0 5 10 15 20

Thoi gian [sec]

Theta 2 [radian]

Tin hiéu dat
— — —Tin hiéu thuc

10 15 20
Thoi gian [sec]

Hinh 6: Ddp wng ngo ra vi tri cua cdac khop khi quy dao hinh Lissajous

Sai s6 vi tri ctia cac khép khi qui dao
la hinh Lissajous dugc trinh bay nhu
hinh 8. Két qua cho thay sai s6 c6 su bién
dong hon so véi tin hidu tham chiéu 1a
hinh tron, tuy nhién bién dong d6 khong
dang ké va sau do sai sb cling dan hoi tu

diéu khién trong hinh 9 duogc khic phuc
s0 v6i trudng hop sir dung bo didu khién
trugt truyén théng, véi tin hiéu diéu khién
duoc thé hién qua hinh 10. Nhu vay, bd
diéu khién trugt backstepping da khéc
phuc dugc hién tugng dao dong véi tan sd

ve 0. cao quanh mat trugt.
Hién tugong chattering cua tin hi¢u
1.4 F . :
Tin hiéu dat
= = =Tin hiéu thuc
131 - =g
- - S
1.2 F
11
E
>
1+
09
0.8 |

0.7 0.8 0.9

1

1.1 1.2 1.3

x [m]

Hinh 7: Pdp iing quy dao hinh Lissajous ciia khdu chdp hanh cudi
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1
Saisb 1
Saisb 2
_g 0.5 1
o
©
“8 \
g [
'0.5 1 1 1 .|
0 5 10 15 20

Th&i gian [sec]

Hinh 8: Sai s6 vi tri ciia cdc khép khi qup dao hinh Lissajous

50

u1-BSMC

40 u2-BSMC |

30
20 |
10 1
OWV\/\/

-10

0 5 10 15 20

Hinh 9: Tin hiéu diéu khién ciia bé diéu khién trieot backstepping

40

u1-SMC

-10

0 5 10 15 20
Hinh 10: Tin hiéu diéu khién cia bo diéu khién truot truyén tho”'ng
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Nham kiém tra sy 6n dinh va bén
vitng ctia bd diéu khién dudi tac dong ciia
nhidu, nhém tac gia da gia sir hé thong
chiu tac dong boi nhidu tring co bién do
dao dong dugc trinh bay nhu hinh 11. Két
qué ciing cho thay tin hi¢u diéu khién c6

dao dong (hinh 12), tuy nhién vi tri khau
chap hanh cudi van bam tét so véi tin
hiéu tham chiéu (trong tu nhu hinh 7) va
hoi tu vé chat lugng bam can tbi wu theo
thot gian.

1 T

Bién do

10 15 20

Th&i gian [sec]

Hinh 11: Tin hiéu nhiéu tring

50

40

30

20 |

10 |

O L

u1l-BSMC
u2-BSMC | -

-10

0 S,
Hinh 12: Tin hiéu diéu khién cua

10 15
bo diéu khién truot backstepping

20

N

khi c6 nhiéu tac dong

4.Kétlun ‘

Trong bai bao nay, nhoém tac gia da de
xuat mot giai phap dé diéu khién mé hinh
robot c¢6 hai bac tu do dua trén phuong
trinh dong luc hoc, sir dung bd diéu khién
trugt backstepping. Cac két qua mé phong
dua trén phan mém MATLAB/Simulink

cho thiy dap tng thuc té bam tin hiéu dat
rat tot vai tin hiéu dat, ¢6 cac thong s6 chat
luong hé théng nhu: thoi gian xéac lap 1a
0.2 gidy, khong dao dong va sai sé xac 1ap
bi triét tiéu. Quy dao khau cubi cua robot
bam tot so v6i quy dao mong mudn. Bo
diéu khién duoc dé xuat da khic phuc duoc
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hién tuong chattering quanh mit truot.  Hudng nghién ciru tiép theo 13 ¢6 thé trién
Ngoaira, tinh on dinh va bén viingcuabd  khai bo diéu khién dugc dé xuét trén mo
diéu khién duogc dé xuit con duoc kiém  hinh robot hai bac tu do thuc té va ap dung
chimg khi diéu khién vi tri cac khép cia  céc b diéu khién théng minh vao mé hinh
mo hinh robot hai bac tu do bam theo tin  robot hai bac tu do.

hiu dat trude dudi sy tac dong cia nhiéu.
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ABSTRACT

This study aims to design a backstepping sliding mode control for two degrees of
freedom robot based on dynamic equations. The proposed controller is designed with
the purpose of controlling the robot's joint angles according to the desired signal, as
well as the final trajectory following the desired trajectory, and improving the
oscillation phenomenon around the sliding surface, which is the drawback of traditional
sliding controllers. Simulation results based on MATLAB/Simulink software show that
the settling time of the robot's joint position response is 0.2(s), without any fluctuation or
steady-state error, and the oscillation phenomenon around the sliding surface is
significantly improved. Besides, the controller was also able to respond well to noise
interference on the systems.

Keywords: Robot manipulator, Denavit-Hartenberg (DH), Backstepping control,
Sliding mode control, Simulink/MATLAB
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