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TOM TAT

Bai bao nay thiét ké bo diéu khién truot voi mit truot cai tién va lut tiém can sd mi
cho mobile robot. Pay la robot holonomic cé thé thuc hién cac chuyén dong tinh tién va
chuyén dong quay mét cach doc 1ap va dong thoi. Bo didu khién truot duoc thiét ké dé
dam bao quy dao thuc té ciia robot bam theo quy dao tham chiéu trong thoi gian hiru han
v6i sai sb tién vé 0. Mat truot cai tién va luat tiém can ham mil duoc sir dung dé giam
hién tuong dao dong quanh mat truot (chattering). Tinh 6n dinh cua hé théng dugc chung
minh bang 1y thuyét Lyapunov. Céac két qua mo phong trong MATLAB/Simulink cho
thdy hiéu qua cua bo diéu khién dé xuat, dap tng thuc té ciia xw va yw hoi tu vé xd va yd
tham chiéu véi sai sb xéc lap hdi tu vé 0, thoi gian tang dat 0,0832s va 0,0764s; thoi gian
xac lap 1a 0,1309s va 0,1226s; do vot 16 12 0,032% va 0,0248% tuong Gng, va hién tugng
chattering dugc giam.

Tir khoa: mat trugt cai tién, luat tiém can ham mil, 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. Gidi thiéu

Mobile robot la dang robot holonomic
¢6 kha ning di chuyén theo bat ky hudng
nao ma khéng can phai thay d6i vi tri va goc
quay [1]. Su di dong vbn c¢6 ctia robot khién
n6 duoc nghién ctu rong rii dé ung dung
moi truong ndng dong [2]. Mobile robot da
duoc nhiéu nha khoa hoc quan tam va nghién
ctru, chang han nhu phuong phép diéu khién
tuyén tinh hoa quy dao [3] dwa vao mé hinh
dong hoc cua robot, bd diéu khién PID mo
[4], b6 diéu khién bam quy dao phi tuyén
[5], bd diéu khién PI [6], bo diéu khién RBF-
PD [7], b6 diéu khién truot va trugt — RBF
[8], bo diéu khién bén viing thich nghi véi
thanh phan bat dinh [9], bo diéu khién bam
quy dao chinh xac chiu su bét 6n phi cau
trac [10], [11], bo diéu khién truot thich nghi
[12], thuat toan gradient chinh sach xac dinh
sau (DDPG) [13], bo diéu khién bam thich
nghi [14] véi cic rang budc trang thai day
du, bo bu wde tinh nhiéu bang mang no-ron
ham co s¢ xuyén tdm [15].

Mobile robot dd duwgce nhiéu nha khoa
hoc nghién ctu véi da dang cac bd diéu
khién, trong do bd diéu khién trugt da dugc
dé cap. Tuy nhién, cac nghién ctru dd cong
bd chwa quan tim dén van d¢ chattering
xay ra trong luat diéu khién truot hodc bién
do chattering chua dugc cai thi¢n dang ké.
Pay 13 han ché ctia bo didu khién truot bén
canh vu diém dap tng nhanh va bén viing
v6i su thay ddi cua nhidu cling nhu céc
thong s6 cua doi tugng.

Nghién ctru nay dé xuét so dung mit
treot cai tién va luat tiém can ham mi dé
diéu khién bam quy dao robot. Mat truot
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cai tién duoc thiét ké thay cho mat truot co
dién gép phan giam hién tuong chattering
quanh mat trugt. Luat tiém can ham mi
budc trang thai ciia hé thong phai tiép can
bé mit chuyén mach nhanh hon. Tinh 6n
dinh cta hé théng dugc ching minh bang
Iy thuyét Lyapunov.

Noi dung bai béo duogc to chic gdbm 5
phan: gi6i thiéu 13 phan 1; phan 2 trinh bay
mo hinh toan hoc ctia Mobile robot; thiét ké
b0 diéu khién truot dya vao mit truot cai
tién va luat tiém cin ham mii cho robot dugc
trinh bay trong phan 3; phan 4 trinh bay céc
két qua va thao luan, va két luan 14 phan 5.

2. M6 hinh toan hgc ctia robot

Cho robot di dong chuyén dong cimg
trén khong gian 1am viéc. Gia sir rang hé
toa do tuyét d6i O, — X, ¥, duoc ¢ dinh
trén mat phfmg va hé toa do chuyén dong
0, — X, Y, dugc cb dinh trén tam cua trong
luc cho robot di chuyén nhu Hinh 1 [13].

Y, A

Assembly 3

X
Hinh 1. Mé hinh robot [13]

Phuong trinh dong luc hoc robot nhu
sau:

Y | | @ —ad O |[%g n by, 2bcosg|[uw| |Ds

Yr |= a:rj} a 0|3 |+t|bys byy 2bysing ||wy |+ Dy (1)

i 0 0 all ¢ by b b, u; | | Dy,
=4;p+B; U+ D,
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Véi D, =[D, D, D,,] lanhiduhé théng chua biét.

a, —02¢ 0 b171 b172 2b1 Cos ¢
. . T
A4, =a,¢ qa 0,B,=\by; by, 2bsmg¢|, U= [u1 u, ”3] >
0 0 a, bz bz bz
=3c 2Mr? “3cl’ kr krL

a, = 2;a;= o = 2 o0 = 2;b2= 2
(31, +2Mr°) (31, +2Mr°) (31, L +17r7) (31, +2Mr°) (31, +1,r°)

a, =1-a T
2 > (3L, +2Mr?)

37 :—«/Esinqﬁ—cosqﬁ;}/2 =\/§sin¢—cos¢

Vs =x/§cos¢—sin¢;;/4 =—x/§cos¢—sin¢

Trong d6: L 1a khoang cach giita bat
ky bd phan va tam trong luc cta robot,
¢ 1a hé sb ma sat nhét cho banh xe, D 1a
luc 1ai cho mai bd phén, » 1a ban kinh cua
mdi banh xe, I, 1a mé-men quén tinh cta
moi banh xe quanh truc lai, w, la toc do
quay ctia banh xe, k13 yéu tb do loi 14i, u,
momen xoan ngd vao lai.

3. Thiét ke by dieu khién robot dua
vao mat trugt cdi tien va luit tiém cén
ham mi

So d6 cdu triic bo diéu khién dé xuat
nhu Hinh 2 véi B=[x, », 4] langd
rathuc €, B, =[x, v, ¢,] l1angd vao
tham chiéu va u,,u,,u, 13 cac ngd vao diéu
khién cho banh xe 1, 2 va 3 twong tng cla

robot.
2

i Diéu khién trugt cai | Mobile | ¥r-Jr #
tién robot
S Yo B X, Vo

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

Dao ham bac mot va hai cua (2), ta
duoc (3) va (4):

é=B-B, 3)

%] %,
e=p-B,=\vy || Vi |= X5,
¢ ] L
=A4,X+B,U+D, - B, (4)

Mat truot tich phan ty 18 cai tién (PI:
Proportional Integral) dugc dinh nghia nhu (5):

§=85 +5, :2é+(l+2a)e+a2_[e(r)dr (5)
0

Trong d6: A =diag(4,,4,,4;),

a= diag(al7a29a3) le ﬂ‘la/lzsﬂ’s ”
a,, o, , a, phaila hing s6 >0 dé thoa
Hurwitz

Véi mat trugt ty 1€ va mat trugt tich
phéan nhu (6) va (7):

sl(t)z(%+lje(t) ©)

t

5 (0)= [%mjz & (1) £,(1)=[e(r)dr (D)

0
Thé (4) vao dao ham cua (5), ta duoc (8):
§=2(4,X+B,U+D,-B,)
+(A+2a)é+a’e (8)
Luat tiém can ham mi (ERL:
Exponential Reaching Law) nhu (9) [16]:

TAP CHi KHOA HOG | +1ing:5202:



Joupnal ol( Science - V L U T E

§ =—nsign(s)—Ks (9)

véi 7 =diag([n.n,.n ),
K =diag (I:Kx,Ky,K¢]) la cac ma
tran dbi xtmg xac dinh duong.

Luét diéu khién truot dua vao mat truot
cai tién va luat tiém can ham mi (PI-SMC-
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+(4 +2a)é+a2e+ﬂsign(s)+lcs} (10)

Pé chimg minh tinh 6n dinh, ham

Lyapunov dugc dinh nghia nhu (11):

y-Llg (11)
2
Lic nay,

V:s$'=s[2(AWX+BWU+Df -B,)

ERL) cho robot nhu (10):
U:—%B;V‘[Z(AWX+Df—ﬁd) +(4+2a)é+“2e]
2(A4,X+D,-p ,
2| 4,X+B, | -L1B (40 A D, -,
=S 2 +(A+2a)é+a’e+mnsign(s)+xks (12)
+(A+2a)é+a’e

= s[ —nsign(s)—xs |=-n|s|-xs* <0

Trong d6, 1, & 1a cac ma tran d6i xing
x4c dinh duong. Thém vao do, sai s6 e(¢)
s& hoi tu vé 0 dn theo s(¢) —> 0khi 1 —> o
. Vithé e(r),é(r)—>0 khi t > oo,

4. Két qua va thao luan

So d6 md phong vsi MATLAB/
Simulink bo diéu khién dé xuét nhu Hinh 3.

Input

PI-SMC-ERL —> Robot P

3MC Controller Mobile Robot

L0 L0 L)

Hinh 3. So d6 mé phéng véi MATLAB/Simulink

Céc thong sb cua robot duoc str dung
trong mo phong nhu sau:

1,=11,25(kgm*), M =9,4(kg),
L=0,178(m), k=0,448,
c=0,1889(kgm’ /s),

1,=0,02108(kgm’) va r=0,0245(m).

Céc thong s cia b diéu khién dé xudt
nhu sau: k = diag([15,15,8]) ,

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

Két qua dap tmg va sai s6 cua bo diéu
khién PI-SMC-ERL gita x, va x_ véi
duong cong Lissajous dugc trinh bay nhu
Hinh 4 v Hinh 5 thé hién dap Gng va
sai sb gitra y , va y . Quan sat Hinh 4 ta
thdy rang x . hoi tu vé x_ voi thoi gian tang
dat 0,0102s, thoi gian xéc 1ap 1a 0,0186s,
sai sd xac lap tién vé 0 va d6 vot 16 1a
0,032%; va tir Hinh 5 y, hoi ty vé& y véi
thoi gian tang dat 0,0102s, thoi gian xac
lap 12 0,0186s, sai s6 xéac lap tién vé 0 va
d6 vot 16 1a 0,0248%. Céc chi tiéu chat
lugng dugc trinh bay nhu Bang 1.
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Bang 1. Cac chi tiéu chat lwong dat dwoc cua bo diéu khién PI-SMC-ERL

Chi tiéu chat | Thoi gian ting | Thoi gian xac | Saisd xaclap | Do vot 16
luwong ©) 13p (s) (m) (%)
X, 0,0832 0,1309 0 0,032
V. 0,0764 0,1226 0 0,0248
Hinh 6 trinh bay cic tin hiéu diéu : 0“‘ "’""’é' kf'jé"n_"‘f’ PI-SMCERL robot véi Lizsajous

Khién cua bo didu khién PI-SMC-ERL. 2 ,
Cic tin hi¢u diéu khiéq nay 6 bién do nho 2 Lo e e e
va tan sO dao dong thap. Diéu nay ching Tin hiéu diéu khién u, b3 PI-SMC-ERL robot véi Lissajous
t6 mat truot PI da khic phuc duoc nhuogc % 1 1T 1T T 1 |1
g
g

X - .2 A £ -
diém cua diéu khién trugt truyén thong ; | , | |
. 0 1 2 3 4 5 8 7 ]
(Hmh 7)' Tin hiéu dién khién u, b PI-SMC-ERL robot v6i Lissajous
10
Pap g x . vi x bé PI-SMC-ERL robot voi Liszajous %
' i 1 . r ' = 0
-— X B
Ll : o190
8 x, 0 1 2 3 4 5 § 7 ]
kL Tebi gisn(s)
{E N ra re o o A" Iy a~
= Hinh 6. Cdc tin hiéu diéu khién bé PI-SMC-ERL
H I ] Tin hifu diéu khién u, cia SMC véi ngé vao Lissajous
8 1 2 3 4 3 & 1 8 < 500 ,
Sai 30 x,vax bg FI-SMC-ERL robot voi Lissajous B ¢ M
2 T T T L T T T i -500 i " i i i " M
0 1 R 4 5 5 7 ]
E Tin hifu diéu khién u, cia SMC véi ngd vao Lissajous
| & 200 : ; : : ' y
g g 0
= =200 o o St :
2 ; ; g - . I . 0 1 2 3 4 3 ] 7 2
) 1 2 3 4 5 § 7 ! Tin lié:udjséukli&nlsciasmﬁng&'rioLMjws
Théi ziam(s) %ﬁ s ' I ' '
Hinh 4. Bdp ting va sai s6 x,va x, bé diéu khién DEZ )
PI-SMC-ERL véi Lissajous ] 1 2 E 4 3 6 7 g
Thd gian(z)

Pap ung Y va . bd PI-SMC-ERL robot voi Liszajous

e

Hinh 7. Cdc tin hiéu diéu khién b6 SMC truyén théng
114{1 p tng quy dao robot cia PI-SMC-ERL voi ngd vao Lizzajous

= = ey dao mong momon
Croy dao PI-SMC-ERL

2

Bitn déimn)
L=}

=)

4
0 1 2 3 B 5 (] 7 ] 1b
Saist ¥y, vi ¥ b PI-SMC-ERL robot véi Lizsajous .
- %10 d w =]
15 - } ' 1 1 1 - = 0
-
1 -1
035

Riim daim)
- B
i

435 4 3k
0 1 2 3 4 5 § 7 g 4, 4 O D 1 2 )
Thix gian{z) x{m)
Hinh 5. Bdp iting va saiséy,vay, bé diéu khién PI- Hinh 8. Bdp ting quy dao Lissajous ctia bé diéu khién
SMC-ERL véi Lissajous PI-SMC-ERL
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Pap ing quy dao robot cia PI-SMC-ERL voi dwong cong Rose

= =y dao mong omon
1f — Qv dao PI-EMIC-ERL

sy

a1F

-1 035 0 05 1

Hinh 9. Bdp ting quy dao Rose ctia bé diéu khién
PI-SMC-ERL

Pap tng qui dao Lissajous cua bo dicu
khién PI-SMC-ERL dugc trinh bay nhu
Hinh 8. Hinh 9 trinh bay dap tmg quy dao
v61 duong cong Rose. Céc quy dao thuc
té ciia robot hoi ty vé quy dao mong mudn
trong thoi gian hitu han véi sai s6 hoi tu vé 0.

Hinh 10 va Hinh 11 trinh bay dap tng
quy dao cua bo diéu khién PI-SMC-ERL
voi duong cong Lissajous va Rose tuong
tmg trong truong hop cé nhiéu tac dong &
ngd ra cua robot (gia sir nhidu cam bién c6
cong suat 1a 0,00005w, thoi gian 1y miu
la 0,001s). Trong truong hop nay, cac quy
dao thyc té ciia robot van hoi tu vé quy dao
tham chiéu trong thoi gian hitu han véi sai
s6 hoi tu vé 0.

¥im)

3 2 -1 0 1 2 3
x{m)
Hinh 10. DPdp ting quy dao cta bé diéu khién PI-SMC-
ERL véi dudng cong Lissajous trong truong hop c6
nhiéu tdc déng 6 ngé ra
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Dap wng quy dac PI-SMC-ERL voi Roze khinhiéu tacdon g
1 1 T |G dao PI-EMC-ERL

A5F

-1F

x{m)

Hinh 11. Ddp ting quy dao cta bé diéu khién PI-SMC-
ERL véi dudng cong Rose trong trudng hop cé nhiéu
tdc déng 6'ngé ra

T cac két qua dat dugc nhu trén,
b6 dicu khién PI-SMC-ERL d4 ching to
tinh bén viing, su phu hop va hi¢u qua
trong tng dung diéu khién bam quy dao
robot.

5. Két luan

Bai bao da thiét ké bo diéu khién trugt
voi mat trugt cai tién va luat tiém can ham
mil cho mobile robot. Tinh 6n dinh cua
hé thong duogc chimg minh bang 1y thuyét
Lyapunov. Cac két qua mé phong trong
MATLAB/Simulink cho thdy hiéu qua cua
b6 diéu khién dé xuat, dap tng thyc té cua
x, vay hoitu vé x 4 vay, tham chiéu vai
sai s& xac lap hoi tu vé 0, thoi gian tang
dat 0,0832s va 0,0764s; thoi gian xac lap
13 0,1309s va 0,1226s; do vot 16 14 0,032%
va 0,0248% twong Ung, va hién tugong
chattering duoc giam. Két qua khao sat véi
truong hop nhiéu tac dong o ngd ra va ngd
vao tham chiéu thay ddi cta bo diéu khién
PI-SMC-ERL d4 cho thiy tinh bén vimng,
su pht hop va hiéu qua cua bo diéu khién
nay trong ung dung diéu khién bam quy
dao robot.
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