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Mobile robots are autonomous devices that capable of moving on
themselves, with applications ranging from surveillance and warehouse
logistics to healthcare and planetary exploration. Precise trajectory
tracking control is a key component in robotic applications. This
research applies an improved sliding surface and atificial neural network
for Mobile robot. The improved sliding surface combined with
exponential approach law and hyperbolic tangent function are used to
reduce the chattering phenomenon in the sliding mode control. The
nonlinear components in the sliding mode control law are estimated
using an artificial neural network. The weights of this neural network are
updated online using the gradient descent algorithm. Lyapunov theory is
used to prove the stability of the system. Simulation results in
MATLAB/Simulink show the effectiveness of the proposed method with
the rising time achieves 0.071(s), the overshoot is 0.004(%), the steady-
state error converges to zero, and the settling time is about 0.0978(s) in
x-coordinate and 0.0646(s), 0.0042(%), O(m) va 0.0902(s) in y-
coordinate, respectively; the chattering phenomena has small amplitude
and low oscillation frequency.

MAT TRUQT CAI TIEN VA MANG NO-RON NHAN TAO
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Mobile robot la thiét bi tu dong cé kha nang tu di chuyén vai cac tng
dung tir hoat dong giam sat va hau can kho hang dén dich vy chim soc
sirc khoe va kham pha hanh tinh. Diéu khién bam quy dao chinh xac 1a
thanh phan quan trong trong cac ng dung cua robot. Nghién ctru nay
{rng dung mit truot cai tién va mang no-ron nhan tao cho Mobile robot.
Mt truot cai tién két hop véi luat tiép can ham mil va ham Hyperbolic
tangent duoc sir dung dé giam hién tuong chattering trong diéu khién
trugt. Cac thanh phan phi tuyén trong luat diéu khién truot duoc udc
luong béng mang no-ron nhén tao. Cac trong sb cua mang no-ron dugc
cap nhat tryc tuyén bang giai thuat gradient descent. Tinh on dinh cua hé
thong dwoc chieng minh bang 1y thuyét Lyapunov. Cac két qua mé phong
v6i MATLAB/Simulink cho thay hiéu qua cua phuong phap dé xuat voi
thoi gian ting dat 0,071(s), d6 qua diéu chinh 13 0,004(%), sai sb xac 1ap
tién vé 0(m), thoi gian xac 1ap 1a 0,0978(s) theo truc x va 0,0646(s),
0,0042(%), 0(m) va 0,0902(s) theo truc y, twong ung; hién tuong
chattering co bién d6 nho va tan sé dao dong thp.
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1. Gigi thigu

Mobile robot 1a thiét bi tu dong cé kha ning ty di chuyén va twong tac véi moi truong [1].
Diéu khién bam quy dao chinh x4c 1a thanh phan quan trong trong cac tng dung cua robot, tiéu
biéu nhu diéu khién tuyén tinh hoa quy dao dwa vao mo hinh dong hoc cuia robot trong [2]; diéu
khién truot thich nghi duoc phat trién trong [3]; diéu khién mo trong [4] da dat dugc muc tiéu va
duy tri & d6 sau 2,23 gidy, sai s6 t6i da nho hon 1 mm; diéu khién PI duoc trinh bay trong [5];
phuong phap PD+ da duoc phat trién trong [6], gi4 tri cia ISI ciia bo diéu khién 1a 8705235,5, chi
s6 RMSE lan luot 14 46,41 va 6,56; diéu khién truot dong PI duoc dé xuét trong [7]; diéu khién
phi tuyén thich nghi dugc thiét ké va mo phong trong [8] di cho thiy quy dao vong tron cua
robot dat dwoc mong mudn trong thoi gian 0,5 gidy ma khong co vot 15, sai s6 ¢ trang thai 6n
dinh la khong dang ké; diéu khién dy bao md hinh thich nghi (MPC) v6i ma sat da duge phat
trién trong [9], két qua thuc nghiém véi quy dao hinh sé 8 cho thiy IAE, xy Va IAEy cia MPC lan
lugt 1a 1,517 m va 1,2907 rad, MAEXy va MAE; lan lugt 12 0,0997 m va 0,0655 rad.

Bo dleu khién truot cho robot nay da duoc thyc hién trong céac nghién ctru [3] va [7], tuy
nhién, vin dé chattering xay ra trong luét diéu khién trugt chua duoc dé cap trong cac cong bd
nay. Py 1a han ché cua bo diéu khién truot bén canh wu diém dap tmg nhanh va bén viing véi su
thay doi ciia nhidu ciing nhu cic thong sd cua ddi tuong. Dé giai quyét kho khan trén, nghién ctu
nay dé xuat st dung mit truot cai tién dua vao mang no-ron nhén tao (mang no-ron RBF: Radial
Basis Function) dé diéu khién bam quy dao robot. Mat truot cai tién dwoc thiét ké thay cho mit
trugt co dién két hop véi luat tiép can ham mil va ham Hyperbolic tangent (tanh) gop phan giam
hién tuong chattering quanh mit truot. Mang RBF duoc sir dung dé woc luong cac thanh phan
phi tuyén trong luat diéu khién truot duoc tinh toan dwa trén 1y thuyét 6n dinh Lyapunov.

Bai bao nay dugc to chirc gdm 4 phan: phan 2 trinh bay tng dung mat truot cai tién va mang
no-ron nhén tao cho robot, két qua va ban luan dugc trinh bay trong phan 3 va phan 4 1a két luan.

2. Phwong phap &ng dung mit trwet cai tién va mang no-ron nhan tao cho robot
2.1. Phwong trinh todn hoc robot
Mo hinh robot nhu Hinh 1 va phuong trinh dong luc hoc robot nhu (1) [10] sau:

Yo &

Assembly 3

O X
Hinh 1. M6 hinh robot [10]

=
O

X\N a —8.2¢3 0 || Xy by, by, 2bcos¢
wo = 2¢ aQ 0 YW + by, by, 2bsing
¢ 0 0 a || ¢ b, b, b, Us Dy,

= AS+B,U+D,
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+
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Véi D, =[D, D, D, ] lanhiduh¢ théng chua biét.

Trong do:
a, -a,4 0 by, by, 2bcosg
Av=|ad a 0[B,=|by by, 2bsing| U=[u u, u],
0 0 a b, b, b,
%k 2Mr? o 3cel? b kr
% @31, +2Mr?)" ? (3|W+2|\/|r2)'ae @l L2+1,r3)"™" (31, +2Mr?)
krL 3l .
b=————a, =1-a,=—Y 9 =—3singd—cosg;
T = S R A TR TV e Vasing—cos

Y, = \/§sin¢—cos¢;7/3 = «/§cos¢—sin Gy, = —J§cos¢—sin¢

Trong d6: L 1a khoang céach giira bat ky bo phan va tam trong luc ciia robot, ¢ 1a hé s6 ma sat
nhét cho banh xe, D; 1a luc 14i cho mdi bo phan, r 1a ban kinh cia mdi banh xe, |, 1a momen
quan tinh ctia méi banh xe quanh truc 14i, W; la tbc do quay cua banh xe, k 12 hé sb ting ich lai
xe, U, momen xoan tac dung lén xe.
2.2. Diéu khién robot s dung mdt truet cdi tién

So d6 cau tric bo diéu khién truot dua vao mit truot cai tién (ISMC) nhu Hinh 2.

I, e U Ir
ISMC Mobile robot

X Vs é:-frrrjlrrré

Hinh 2. So do céu tric bé diéu khién trieot dwa vao mdt truot cdi tién
Su sai Iénh gitta 17 va I’y nhu (2):
e=I"-T, (2)
Trong d6, I" = [XW Yo ¢]T 1a ngd ra thyc té va I,= [Xd Yy & ]T 1a ngd vao tham chiéu

cua robot.
Pao ham béac 1 va 2 cua (2), ta duoc (3) va (4):

é=I-T, (3)
X | | X ‘
§=Ir-I,=y, |-|V, |=X-,=A,X+B,U+D, - I, (4)
¢ L4
Mt truot cai tién nhu (5) [14].
t
s=2é+(ﬂ+2a)e+azje(r)dr (5)
0

Trong d6: A=diag (4,4, 4), Aj,s >0, a@=diag (e, a,,03), ;i ,5>0.
Thé (4) vao dao ham cua (5), ta duoc (6):
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§=2(AX+B,U+D, —I,)+(A+2a)é+a’e (6)
Luat tiép can ham mii v&i ham Hyperbolic tangent (tanh) nhu (7) [12]:
§=-ntanh (Ej —-KS (M
&

Véi n=diag (I:ﬂx,ﬂy,ﬂ¢:|) , k =diag ([K'X,Ky,l('¢:|) , € =diag ([gx,gy,g¢])
va n,>0,n,>0mn,>0, x, >0,x,>0,x,>0, ¢ >0,6,>0,6,>0.
Luat diéu khién d& xuét cho robot nhu (8):
1 - . S
U =U qvc_am == B\X/1|:2(ANX +D; -1, )+(ﬂ+2a)e+a2e+ﬂtanh(—j+xs} (8)
&
Ham Lyapunov nhu (9):

V==5s €)]

Lic nay,

V =s3=5[2(A,X+B,U+D; —F)+(A+2a)e+a’e]

: : 1)
=5 [—77 tanh (—j - rcs} =—pstanh (—j — ks’
£ £

Theo [12, Bb dé 1.2], ta co:

|s|—stanh G] < ue (11)
Thi
n|s|-nstanh (Sj < nue (12)
Suy ra
—gstanh (S) < —n|s|+nue (13)
Vi thé:
V =s$ <« —ns|+nue < —«s° +nue =2V + (14)

Trong do, S =nue
Str dung B dé 1.3 trong [12], ta co:

V' <e—2x(t—t0)v (t )+ﬂezxtjezmd _ —ZK(HO)V ﬂeizn -2kt -2kt
< . r=e (t,)+ (e —e?)

" oK (15)
L —2x(t-t B _am2x(t-t) | _ 42 (-t NHE (1 -2x(t-t)
=e \/(to)+—2’c(1 e )_e \/(t0)+—2K (1 e )
Vi thé
. nue
limV (t)<— 16

Theo bét dfmg thirc (16), chung ta c6 thé két luan rﬁng sai s6 bam hoi tu tiém c4n va do chinh
xac hoi tu phu thude vao cic gia tri &,7,x . Thém vao do, sai sb e(t) s& tién vé& 0 din theo
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s(t) > 0khi t —o0. Vithé e(t),é(t) >0 khi t —oo.

2.3. Uéc lwgng cdc thanh phan phi tuyén sie dung mang no-ron nhén tgo

Nghién ctru nay st dung mang no-ron RBF dé uéc lugng cac thanh phan phi tuyen trong (8).
Mang no-ron RBF c6 nhiéu | ung dung, bao gom udc lugng ham, phan loai va diéu khién hé thong
VO’l dlem manh la th1et ke Cau truc don glan de huan Iuyen hoi tu nhanh c6 thé phu hop hiéu qua

Cau trac [5-7-1] ctia mang no-ron RBF dugc st dung dé uéc lu:ong cac thanh phan CP
trong ma tran A, cua (8) nhu Hinh 3.

S

S\

>

Hinh 3. Cdu triic mang no-ron RBF

Ma tran A, trong luat diéu khién (8) chira cac thong sb dic trung ciia robot nhu: ban kinh ciia
mdi banh xe (r); md-men quan tinh cta robot (I,) va khdi Tuong cua robot (M). Mang no-ron RBF

sir dung giai thuat Gradient Descent dé cap nhat truc tuyén céac gia tri trong s6. Mdi mang no-ron
chtra 7 ham Gauss va dugc mo ta nhu (17):

[ —el -

Trong do

hij\i=1,z,3:|:hi1 hi2 hi3 hi4

Wijizt2,3 =[Vvil Wio Wiz Wi, Wi We Wy
Ngo ra cia mang no-ron nhu (21):

(19)
(20)

X ( ( )
x =% |=|e(2) &@2) I,(2) [}Q)Q(@] (18)
X ( ( )
h ]
]

& =wyh, (21)
Ham myc tiéu cia mang no-ron nhu (22):
E (1) =2 (a ()4 (1)) :1-1.23 (22)
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Cin ctr theo phuong phap Gradient Descent, cac gia tri trong s6 ciia mang dwoc cap nhat nhu
(23) va (24) [14]:

ij(t)=—y—=ﬂ(a, —4( )J. (23)

w; () =w; (t-1)+Aw, (t)+5(w; ( (t-2)) (24)
Trong d6, u<€(0, 1) 1a téc do hoc va 5 e (0,1) 1a yéu tb dong luong
Luc ndy, ma tran Xap Xi cua A, nhu (25):
WlTjhlj _W;jh2j¢ 0
Ay = W;jh2j¢ WlTjhlj 0 (25)
0 0 w;hy,

Luat diéu khién truot dira vao mt truot cai tién va mang no-ron RBF cho robot nhur (26):

U jsme—Tam_rer :—% BW{Z(ANX +D, - I, )+(l+2a)e'+a2e+ntanh (Sjﬂcs} (26)

Khi quy dao thyc té cua robot léch khoi quy dao tham chiéu do tac dong cua cac diéu kién nhu
ma sat mat dudng, mé men quan tinh thay dbi, v.v. thi sai sé6 e=I"—1I" , S€ thay d6i. Khi do,
mang no-ron RBF s& tu dong cap nhat din dén thay doi Ay sao cho cic sai s6 c¢6 thé dat gia tri
cuc tiéu. Bang cach st dung mang no-ron RBF trong luat (26), bo diéu khién dé xuit c6 thé thich
nghi véi cac didu kién cua robot.

3. Két qua va ban luan

So 6 MATLAB/Simulink mo phong phuong phap dé xuat cho Mobile robot nhu Hinh 4.

ISMC-RBF

A 4

Robot P Demux

o I

ISMC-RBF Controller Mobile Robot

|
|

Hinh 4. So' d6 MATLAB/Simulink mé phong bé diéu khién ISMC-RBF

Input

Cac thong s6 cia robot dugc s dung trong md phong nhu sau: |, =11, 25(kgm2),
M =9,4(kg), L=0178(m), k=0,448, c=0,1889(kgm’/s), I, =0,02108(kgm’) va
r=0,0245(m). Céac thong sO cia by dieu khien dé xudt nhu sau: x =diag([15,15,8]),
n = diag ([ 200, 200,200]), ¢ =diag([0,15,0,15,0,15]), A =diag([15,15,15]),

a=diag([12,12,12]).

baép ung cua phuong phap ISMC-RBF gilra X4 va Xw, Ya va yw V6i duong cong Tricuspoid
duoc trinh bay nhu Hinh 5. Quan sat Hinh 5 ta thay rang Xw hoi tu Ve X4 Vi t x = 0,0710(s), tss «
= 0,0978(s), es x = 0(m) va POTy = 0,0040(%); va yw héi tu Ve yqg Vai t y = 0,0646(3), tss y =
0,0902(s), ess y = 0(m) va POT, = 0,0042(%).
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Hinh 6 trinh bay céc tin higu diéu khién ciia by diéu khien ISMC-RBF. Céc tin hi¢u diéu
khién nay c6 bién do nho va tan So dao dong thip so véi luat tiép can toc do hing va ham mil voi
sighum trong [15] co cung thong s6 Voi robot nay. Didu nay chung t6 phuong phap diéu khién dé
Xuat di khic phuc dugc hién twong chattering trong diéu khién truot.

Pap wng X, va Xw ctia ISMC-RBF véi dudng cong Tricuspoid Tin hi¢u didu khién u ctia robot véi ISMC-RBF
T T T T T T T S 10 T T T T T T T
B g
= 8 Y
g M -10 L I . . \ L
<« 0 1 2 3 4 5 6 7 8
. Tin hi¢u didu khién u, ciia robot v6i ISMC-RBF
g 10 T T T T T T T
g oL
=}
<« u
T T T T T @ -10 : L L . . . 2
0 1 2 3 4 5 6 7 8
g2 Tin hi¢u di¢u khién u, ciia robot véi ISMC-RBF
g o =10 ‘ ‘ ‘ ‘ ‘ ‘ ‘
= z
<«
m -2 ’; 0
- =Yw B \ . . . ) I Y3
4 @ -10
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Thi gian(s) Thoi gian(s)
Hinh 5. Ddp 1ng cuia bg ISMC-RBF giifa X4 va Xw; Hinh 6. Tin hi¢u diéu khién bg ISMC-RBF
Y4 va Yw Voi duong cong Tricuspoid
Mat trugt s, Bz’\p31i'ng quy dao ciia Robot b ISMC-RBF véi dwong cong Tricuspoic
m— 0 C T T T T T T T T T T T T
P
o
& 2t 1
A
1 L 4
Eo ]
>
1k ]
S 0.05 ! : : : : ! :
g 0 2 1
& -0.05 Sy = =Quy dao mong muén
@01 ' X - ' ' Quy dao thuc té
0 1 2 3 4 5 6 7 8 -3 - -
Thoi gian(s) -2 -1 0 1 2 3
x(m)
Hinh 7. Cac mgt truot Hinh 8. Ddp u#ng quy dao bé ISMC-RBF cua
robot véi duwong cong Tricuspoid
3{)ap ung Trlcuspmd cua robot b ISMC-RBF véi nhiéu trang Pip ing Lissajous ciia robot by ISMC-RBF véi nhiéu trz‘ing
Quy dao thuc té ‘ ‘ [ [ ‘
= =Quy dao mong mudn 3r S
P }
2+ ;
Quy dao thyuc té
1k L == =Quy dao mong muénﬁ
B E ol
g0 2o
S1F
1F
2+
2+
3t
2 -1 0 1 2 3 -2 -1 0 1 2
x(m) x(m)
Hinh 9. Pdp g quj dao b ISMC-RBF cua robot ~ Hinh 10. Ddp iéng quy dao bg ISMC-RBF cua
Véi duwong cong Tricuspoid khi c¢é nhiéu robot véi duong cong Lissajous khi ¢6 nhiéeu

Hinh 7 trinh bay mat truot s=[s, s, s,] cua bo diéu khién dé xuit. Mat trugt nay lic khoi
dong theo gi4 tri hé s truot. Sau do, s nhanh chong dat dén diém hoi tu va tiép tuc trrot quanh s = 0.
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Dap ng quy dao Tricuspoind cua b diéu khién ISMC-RBF duoc trinh bay nhu Hinh 8.

Hinh 9 va Hinh 10 trinh bay céc dép tng quy dao cua bo diéu khién ISMC-RBF véi duong
cong Tricuspoid va Lissajous trong truong hop c6 nhleu tac dong & ngd ra cua robot (gia su nhleu
cam blen c6 cong suat 1a 0,0005w, thoi gian lay mau 1a 0 ,0001s). Quy dao thuc té cua robot van
hoi tu vé quy dao tham chiéu trong thoi gian hiru han véi sai s6 hoi tu vé 0.

4. Két luan

Nghién ctru da wng dung mit truot cai tién va mang no-ron nhéan tao cho Mobile robot. Mt
trugt cai tién két hop véi luat tiép can ham mii va ham Hyperbolic tangent (ISMC_Tanh) da duoc
thiét ké cho robot dé khic phuc nhugce diém cua diéu khién truot c6 dién. Cac thanh phan phi
tuyén trong luat diéu khién ISMC_Tanh dugc X4p xi bang mang no-ron RBF va tao ra bo dieu
khién ISMC-RBF. Tinh on dinh cua hé théng da duoc ching minh bang 1y thuyét Lyapunov. Céac
ket qua md phong trong MATLAB/Simulink cho thay dap tng thuc té xy hoi tu V€ Xg, Yw hoi tu
Vé yqg theo phuong x va y tuong ¢ng, hién tuong chattering c6 bién do nho va tan sé dao dong
thap. Két qua khao sat véi truong hop ngd vao tham chiéu thay ddi va co nhiéu tac dong ¢ ngd ra
cua robot bo diéu khién ISMC-RBF di cho thy tinh bén vitng, su phu hop va do tin cay cia bo
diéu khién nay trong ng dung diéu khién bam quy dao robot.
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