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TOM TAT

Bai bao nay thiét ké bo diéu khién trugt voi mat trugt cai tién va lut tiém can sé mil
cho mobile robot. Pay 1a robot holonomic c6 thé thuc hién céc chuyén dong tinh tién va
chuyén dong quay mot cach doc 1ap va dong thoi. Bo diéu khién truot duge thiét ké dé
dam bao quy dao thyc té ciia robot bam theo quy dao tham chiéu trong thoi gian hiru han
v6i sai s6 tién vé 0. Mat truot cai tién va luat tiém can ham mi dugc st dung dé giam
hién tuong dao dong quanh mit truot (chattering). Tinh 6n dinh cua hé thong dugc ching
minh bang 1y thuyét Lyapunov. Cac két qua mo phong trong MATLAB/Simulink cho
thay hiéu qua cua bo diéu khién dé xuét, dap ung thuc té ciia xw va yw hoi tu vé xd va yd
tham chiéu véi sai sd xac lap hoi tu vé 0, thoi gian tang dat 0,0832s va 0,0764s; thoi gian
xac 1ap 14 0,1309s va 0,1226s; do vot 16 12 0,032% va 0,0248% tuong tng, va hién tuong
chattering dugc giam.

Tiur khéa: mit truot cai tién, ludt tiém can ham mi, MATLAB/Simulink, mobile
robot, Lyapunov.

ABSTRACT

This article designs a sliding mode control with an improved sliding surface and
exponential reaching law for mobile robot. This is a holonomic robot that can perform
translational and rotational motions independently and simultaneously. The sliding
mode control (SMC) is designed to ensure that the robot’s actual trajectory follows the
desired in a finite time with the error converging to zero. The improved sliding surface
and exponential reaching law are used to decrease chattering phenomena around the
sliding surface. The stability of the system is proven by Lyapunov's theory. Simulation
results in MATLAB/Simulink show the effectiveness of the proposed controller, the actual
response of the xw and yw converges to the reference xd and yd with the steady-state
error converging to zero, the rising time reaches 0.0832s and 0.0764s, the settling time
is 0.1309s and 0.1226s, the overshoot is 0.032% and 0.0248%, respectively, and the
chattering phenomena was reduced.

Keywords: improved sliding surface, exponential reaching law, MATLAB/Simulink,
mobile robot, Lyapunov
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1. Giéi thi¢u

Mobile robot 1a dang robot holonomic
¢6 kha ning di chuyén theo bat ky hudng
nao ma khéng can phai thay doi vi tri va goc
quay [1]. Su di dong vbn co cua robot khién
n6 dugc nghién ciru rong rdi dé ung dung
moi trrong nang dong [2]. Mobile robot da
duoc nhiéu nha khoa hoc quan tm va nghién
ctru, chang han nhu phuong phép diéu khién
tuyén tinh hoa quy dao [3] dua vao mé hinh
dong hoc cua robot, bd diéu khién PID mo
[4], bo diéu khién bam quy dao phi tuyén
[5], bd diéu khién PI [6], bo diéu khién RBF-
PD [7], bo diéu khién truot va trugt — RBF
[8], bd diéu khién bén viing thich nghi véi
thanh phan bét dinh [9], bo diéu khién bam
quy dao chinh xac chiu sy bt 6n phi ciu
trac [10], [11], bd didu khién truot thich nghi
[12], thuat toan gradient chinh sach xac dinh
sau (DDPG) [13], bd diéu khién bam thich
nghi [14] vdi cac rang budc trang thai day
du, bo bu wde tinh nhiéu bang mang no-ron
ham co s¢ xuyén tdm [15].

Mobile robot dd dugc nhiéu nha khoa
hoc nghién ctru véi da dang cic bo diéu
khién, trong d6 bo diéu khién truot da duoc
dé cap. Tuy nhién, cac nghién ctru da cong
bd chua quan tim dén van dé chattering
xady ra trong luat diéu khién trugt hodc bién
d6 chattering chua dugc cai thién dang ké.
D4y 1a han ché cua bo diéu khién truot bén
canh uu diém dap tmg nhanh va bén viing
v6i su thay ddi cua nhiu ciing nhu céac
thong s cua ddi tuong.

Nghién ctru nay dé xuat sir dung mat
trugt cai tién va luat tiém can ham mi dé
diéu khién bam quy dao robot. Mat truot

% a —ap 0| %
iy |= a:@;’ &4 0| 3w [+ &0 by
ol [0 0 alloe

=4, B+B.U+D.,

b, b b, |lus| |D

ISSN 2615-9945

cai tién duoc thiét ké thay cho mat truot )
dién gop phan giam hién tuong chattering
quanh mat truot. Luat ti€ém can ham mi
budc trang thai cia hé thong phai tiép can
bé mit chuyén mach nhanh hon. Tinh 6n
dinh cua hé thong dwoc chimg minh bang
1y thuyét Lyapunov.

Noi dung bai bao duge t6 chic gdm 5
phan: gidi thiéu 1a phan 1; phan 2 trinh bay
mé hinh toan hoc ciia Mobile robot; thiét ké
bo diéu khién truot dwa vao mit truot cai
tién va luét tiém can ham mii cho robot duoc
trinh bay trong phan 3; phan 4 trinh bay cac
két qua va thao luan, va két luan la phén 5.

2. M6 hinh toan hgc cia robot

Cho robot di dong chuyén dong cimg
trén khong gian lam viéc. Gia sir rang hé
toa d¢ tuyét déi O, — X, Y, dugc cd dinh
trén mat phéng va h¢ toa do chuyén dong
0, — X, Y, dugc cb dinh trén tim ciia trong
luc cho robot di chuyén nhu Hinh 1 [13].

Y, A

Assembly 3

Oy Xw
Hinh 1. Mé hinh robot [13]
Phuong trinh dong luc hoc robot nhu
sau:

i by 2bjcosg || Df’x
2bsing

uy |+ Dy (1)

fé
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Véi D, =[D, D, D,,] lanhiduhé théng chua biét

a, —02¢ 0 b171 b172 2b1 COS¢
. . T
A4, =a,¢ q 0 .By,=|by; by, 2bsng |, U_[u1 u, u3] >
0 0 a b, b, b,
. -3¢ 2Mr? —3cI’ kr b= krL
- (I, +2Mr )’ a = (I, +2Mr )’ “= GBI, +1r )’ - G, +2Mr*)" " (3L, +1r7)
31
a,=l-a =——" -y —_[3sing—cosp;y, =/3sind—cos
2 2 (3IW+2MI”2) 7 ¢ ?:7, ¢ ¢
=\/§cos¢—sin¢;7/4 =—/3cosg—sing
Trong d6: L 1a khoang cach giita bat X, X,
ky bd phan va tam trong luc cua robot, é-_'g_lg s =% |l=x—48
; = =|y Vo |=X-8
¢ 1a hé s6 ma sat nhot cho banh xe, D, 1a ¢ ; ¢-5-d ¢
luc 14i cho mdi bd phan,  1a ban kinh cta d
moi banh xe, /, 12 m6-men quan tinh cta —AX+B,U+D, - B, )

moi banh xe quanh truc 1ai, w, 1a toc d§
quay cua banh xe, k1a yéu to do loi lai, u,
momen xoan ngd vao lai.

3. Thiet ke bo diéu khién robot dua
vao mat trugt cai tien va luat tiém can
ham mi

So dd chu tric bo didu khién dé xuét
nhu Hinh 2 véi g = [xW Y, ¢]T la ngd
ra thuc té, B, = [xd V, ¢d] la ngd vao
tham chiéu va u,,u,,u, 12 cic ngd vao diéu
khién cho banh xe 1, 2 va 3 twong ng cta

robot.
2
Diéu khién truet_cai """ Mobile
tién robot

LR - T

T Yoy, Vi

Hinh 2. So dé cdu tric bé diéu khién dé xudt
Sai s6 dugc dinh nghia nhu (2) sau:
e=pB-p, (2)

Pao ham bac mdt va hai cua (2), ta
duoc (3) va (4):

é=p-B, 3)

Mit truot tich phan ty 1& cai tién (PI:
Proportional Integral) dugc dinh nghia nhu (5):

§=5,+s, :2é+(/1+2a)e+a2je(r)dr (5)
0

Trong d6: A =diag(A,,4,,4,;),
a =diag(a,,a,,a,) voi 4,4, A,
a,,a,, o, phii la hing s6 >0 dé thoa
Hurwitz

V61 mét trugt ty 1€ va mat trugt tich
phan nhu (6) va (7):

; (t)=(%+ﬂ)e(t) ©)
sz(t)z(%+aj2 £ (1) £.(1)= [e(r)dr (7

0
Thé (4) vao dao ham ctia (5), ta duoc (8):
§=2(4,X+B,U+D,-B,)
+(A+2a)e+a’e (8)

Luat tiém can ham mi (ERL:
Exponential Reaching Law) nhu (9) [16]:

TAP CHi KHOA HOC | rvsn2%aons



JOLIPI’]CII o]( Science - V L U T E

§ =—nsign(s)—Ks 9)

voi n=diag([n..m,.1 ),

K= diag([/cx,lcy,KJ) la cac ma

tran d6i xtmg xac dinh duong.

Luét diéu khién truot dua vao mat truot
cai tién va luat tiém can ham mii (PI-SMC-
ERL) cho robot nhu (10):

U=—%B; [2(4,x+D,-B,)

1 |2(4,x+D,-B,)

2| 4,X+B,| ——B,
=9 2

+(A+2a)e+a’e

= s[-nsign(s)-xs|=-n|s|-xs’ <0

Trong d0, 1, & 1a cac ma tran d6i xing
x4c dinh duong. Thém vao dé, sai s e(7)
s& hoi tu vé 0 dan theo s (1) — Okhi £ — oo
. Vithé e(t),é(r)—>0 khi t > .

4. Két qua va thao luin

So d6 mo phong véi MATLAB/
Simulink bd diéu khién dé xuét nhu Hinh 3.

Control Input

Input

Mux i PI-SWMC-ERL P Robot 4

SMC Controller Mobile Rabat

L0 L) B0

Hinh 3. So dé6 mé phdéng véi MATLAB/Simulink

Cac thong sb cua robot duoc str dung
trong mo phdng nhu sau:

I,=11,25(kgm*), M =9,4(kg),
L=0,178(m), k=0,448,
c=0,1889(kgm’ /s),

+(A+2a)e+a’e+nsign(s)+xs
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+(4 +2a)é+a2e+nsign(s)+xs} (10)

Dé ching minh tinh 6n dinh, ham

Lyapunov dugc dinh nghia nhu (11):

ylg (11)
2

Luc nay,
V=si=s[2(4,X+B,U+D,-j,)

+(4 +2a)e'+a2e]

+D, - B, a2

1,=0,02108(kgm’ ) va r=0,0245(m).

Céc thong sb cua bo diéu khién dé xuét
nhu sau: x = diag([15,15,8]) ,

n = diag ([ [200,200,200]]),
A = diag ([150,150,150])
va a = diag([120,120,120]).

Két qua dap ung va sai sb ctia bo diéu
khién PI-SMC-ERL giita x, va x_, v6i
duong cong Lissajous dugc trinh bay nhu
Hinh 4 va Hinh 5 thé hién dap Gng va
sai sb giira y , va y . Quan sat Hinh 4 ta
thy rang x . hoi tu vé x, v6i thoi gian tdng
dat 0,0102s, thoi gian xac lap 1a 0,0186s,
sai s6 xac 1ap tién vé 0 va do vot 16 1a
0,032%; va tu Hinh 5 y, hoi tu vé v, Vo1
thoi gian tang dat 0,0102s, thoi gian xéc
lap 1a 0,0186s, sai sb xac lap tién vé 0 va
d6 vot 16 1a 0,0248%. Céac chi tiéu chat
lugng duogc trinh bay nhu Bang 1.
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Bang 1. Cac chi tiéu chat lwong dat duoc cua bo diéu khién PI-SMC-ERL

Chi tiéu chdt | Thoi gian ting | Thoi gian xac | Sai sé xaclap | Do vot 16
lwgng (©) 1ap (s) (m) (%)
X, 0,0832 0,1309 0 0,032
V. 0,0764 0,1226 0 0,0248

Hinh 6 trinh bay cac tin hi¢u diéu Tin hién dién Khién u, b3 PI-SMCERL robot vé1 Lissajous
khién cua by diéu khién PI-SMC-ERL. %
Cic tin hi¢u dicu khién nay c6 bién donho  Eapliv v oo 0o
va tan s6 dao dong thap. Diéu nay chirng Tin hiéu diéu khién u, b PI-SMC-ERL robot v6i Lissajous
t6 mit truot PI di khic phuc dugce nhuoc % 1T 1 1 T 1 1

diém ciia diéu khién trugt truyén théng £

> 0 1 2 E] 4 5 5 7 3
(Hmh 7)' Tin hiéu ditu khitn u , bit PI-SMC-ERL robot véi Lissajous
10 ; . . ' : : :
Bap 1mg x, va T b PI-SMC-ERL robot voi Lizzajous %
' I 1 . v ' - 0
g - =, [ B
= : £ e
B T, 0 1 2 E] 4 5 5 7 3
Ty Thiri gian(z)
& . U o o a
&z Hinh 6. Cdc tin hiéu diéu khién bé PI-SMC-ERL
- i . . ] i . . ] Tin biéun diéu khién u, cia SMC véi ngs vio Lissajous

Sai 36 x, vi x_ b PI-SMC-ERL robot véi Lissajous

T T T T T T T

(=3

0 1 23 4 5 § 7 g
Tin hifn difn khitn u_ cda SAC véi ned vio Lizzajous

Bien dgin)
Bt da0¥)
R
! H

! n i r r i - - 0 1 2 3 4 5 5 7 8
il 1 2 3 4 5 & 7 2 Tin liéudjé-uirg-sciasnctﬁ-gﬁmLmjm;
T gian(s) o PP A AT

Hinh 4. Ddp ting va sai s6 x,va x, bé diéu khién
PI-SMC-ERL véi Lissajous
Bap wng LA va LA bd PI-SMC-ERL robot vii Lizzajous

Thii ianiz)

4 Hinh 7. Cdc tin hiéu diéu khién bé SMC truyén théng
=T Brap ung quy dao robot cia PI-SMC-ERL voi ngi vae Lizsajous
p= 2 T T T
»g- = = Oy dao mong mmon
=0 . Qo dac PI-ZMC-ERL
= 3 e
maft

2
4
0 1 2 3 2 5 § 1 3 1
55 sy, vay, b PISMCERL robot véi Lissajous -
15 ' . | | . . £
= 1 -1
= o5 b
'lg' L——_-__--__-_-.'-_---__.-._-'-.‘ -2
g 0
Bast 3
o 1 2 3 4 3 & 1 3 = - 1 p 1 2 p
Thii gian(z) ={om)
Hinh 5. Bdp ting va saiséy, vay, bé diéu khién PI- Hinh 8. Bdp ting quy dao Lissajous cta bé diéu khién
SMC-ERL véi Lissajous PI-SMC-ERL
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Pap tng quy dao robot cia PI-SMC-ERL voi dwong cong Rose

= =y dao mong mmon
1F —— g dao FI-3MC-ERL

A5F

A1F

-1 13 0 03 1
w{m)

Hinh 9. Bdp ting quy dao Rose ctia bé diéu khién
PI-SMC-ERL
Dap tmg quy dao Lissajous ctia bo didu
khién PI-SMC-ERL dugc trinh bay nhu
Hinh 8. Hinh 9 trinh bay dap ung quy dao
v6i duong cong Rose. Cac quy dao thuc
té cta robot hoi tu vé quy dao mong mubn
trong thoi gian hiru han voi sai s6 hoi tu vé 0.
Hinh 10 va Hinh 11 trinh bay dap Ung
quy dao cua bd diéu khién PI-SMC-ERL
véi duong cong Lissajous va Rose tuong
g trong trudng hop c6 nhiéu tic dong &
ngd ra cua robot (gia str nhiu cam bién co
cong suat 1a 0,00005w, thoi gian 1y mau
la 0,001s). Trong trudong hop nay, cac quy
dao thyc té cta robot van hoi tu vé quy dao
tham chiéu trong thoi gian hitu han véi sai
s6 hoi tu vé 0.
Dap ime qui da0 PI-SMC-ERL véi Lissajous khi nhién tic dins

—Cray dao FI-EMC-ERL
= = =ery dao moms mson

I

ir o

i)

.:
(=]
ol
-

1 2 3
m{m)
Hinh 10. Bdp ting quy dao cta bé diéu khién PI-SMC-
ERL véi dudng cong Lissajous trong truong hop co
nhiéu tdc déng & ngé ra
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yim)

i)

Hinh 11. Bdp itng quy dao ctiia bé diéu khién PI-SMC-
ERL véi dudng cong Rose trong truéng hop cé6 nhiéu
tdc déng 6 ngé ra

Tu cac két qua dat dugc nhu trén,
bo diéu khién PI-SMC-ERL da chiing to
tinh bén virng, sy phu hop va hiéu qua
trong tng dung diéu khién bam quy dao
robot.

5. Két luan

Bai bdo da thiét ké bo diéu khién truot
voi mit trugt cai tién va lut tiém can ham
mii cho mobile robot. Tinh 6n dinh cua
hé théng dugc chimg minh bang 1y thuyét
Lyapunov. Cac két qua mé phong trong
MATLAB/Simulink cho thdy hiéu qua cta
bo diéu khién dé xuat, dap tng thyc té cua
x, vay hoitu vé x 4 vay, tham chiéu véi
sai s& xac lap hoi tu vé 0, thoi gian ting
dat 0,0832s va 0,0764s; thoi gian xac 1ap
12 0,1309s va 0,1226s; do vot 16 14 0,032%
va 0,0248% tuong tUng, va hién tugng
chattering duoc giam. Két qua khao sat véi
trudng hop nhiéu tac dong & ngd ra va ngd
vao tham chiéu thay doi ciia bo diéu khién
PI-SMC-ERL da cho thay tinh bén viing,
su pht hop va hiéu qua cua bd diéu khién
nay trong ung dung diéu khién bam quy
dao robot.
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