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Robot di ddng st dung banh Mecanum c6 kha néng di chuyén theo moi hwéng ma khéng
can thay déi hwéng quay cla than xe. Tuy nhién, do tinh chéat phi tuyén va cé do trwot,
viéc diéu khién robot Mecanum doi hdi cac phwong phap diéu khién tién tién. Diéu khién
trwot (Sliding Mode Control - SMC) la mét phwong phap diéu khién phi tuyén manh mé,
thwong dwoc sl dung cho robot di déng da hwéng s&r dung banh Mecanum. SMC giup
dam bao kha nang bam quy dao chinh xac, én dinh trong méi trwdng c6 nhiéu va bt dinh,
ddng thoi khic phuc nhidu han ché cta cac phwong phap diéu khién khac. Trong bai bao
tac gia dé xuét bo diéu khién trwot bac cao (Higher Order Sliding Mode Control - HOSMC)
két hop nhan dang thanh phan bat dinh mé hinh 1a mét cai tién cta diéu khién truot truyén
thdng dé diéu khién bam quy dao cho hé robot di dong banh mecanum. Mac du SMC ¢6
kha nang chdng nhiéu va bat dinh tét, nhwng né hdi tu tiém can va cé thé gay chattering.
Diéu khién trwot bac cao két hop bd quan sat thanh phan bat dinh gitp khac phuc dwoc
nhitng han ché nay nhd kha nadng thich nghi véi cac thanh phan phi tuyén, giam
chattering, gitp hé théng diéu khién mwot ma va chinh xac hon.

Diéu khién SMC, robot di ddng, banh xe Mecanum.

Mecanum-wheeled mobile robots are capable of moving in any direction without changing
the heading of the robot body. However, due to their nonlinear characteristics and
slippage, controlling Mecanum robots requires advanced control methods. Sliding Mode
Control (SMC) is a powerful nonlinear control technique that is commonly applied to
omnidirectional mobile robots using Mecanum wheels. SMC ensures accurate trajectory
tracking and stability in environments with disturbances and uncertainties, while also
overcoming many limitations of other control methods. In this paper, the author proposes a
Higher Order Sliding Mode Control - HOSMC combined with an uncertain function
identifier, which is an improvement over traditional Sliding Mode Control (SMC), for
trajectory tracking control of Mecanum-wheeled mobile robots. Although SMC provides
good robustness against disturbances and uncertainties, it converges asymptotically and
may cause chattering. The integration of a disturbance observer with the Higher Order
Sliding Mode Control addresses these drawbacks by adapting to nonlinear components
and reducing chattering, thus enabling smoother and more accurate control performance.

Sliding Mode Control, a self-propelled robot, mecanum wheel, Four Mecanum Wheeled
Mobile Robot (FMWMR).
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1. GIO1 THIEU

Robot di dong ngay cang duoc tng dung rong
rai trong tu dong hoa cong nghi¢p, logistics, y
té, va dich vu. Trong s6 nhiéu ciu hinh khac
nhau, robot di dong bén banh Mecanum
(Mecanum-Wheeled Mobile Robot - MWMR)
dd thu hat nhiéu sy cha ¥ nhd kha ning
di chuyén toan hudng (omnidirectional
mobility), dat dugc nho thiét ké dic biét cua
banh xe Mecanum. Banh xe Mecanum goém
cac con lin gin chéo gdc 45° quanh vanh
banh, cho phép robot khéng chi tién/Iui, ma
con di chuyén ngang, chuyén dong chéo va
xoay quanh truc ding [1]. Tuy nhién, bén
canh vu diém co dong cao, md hinh dong hoc
va dong luc hoc cua robot Mecanum phure tap,
phi tuyén va co lién két chit ché. Hon nira,
cic tham sd bét dinh (khéi lugng, moment
quan tinh, ma sat) va nhiéu ngoai (trugt banh,
moi truong khong bang phang) 1am suy giam
hiéu qua diéu khién. Do d6, phat trién cac
chién lugc diéu khién thich nghi, bén vimg va
thong minh 14 trong tAm ciia nhiéu nghién ciru
trong thap ky qua.

Qua trinh phat trién cic phuong phap diéu
khién cho robot di dong bén banh Mecanum
thé hién su phat trién tir cac ky thuat diéu
khién c6 dién sang cac phuong phap hién dai
két hop tri tué nhan tao va quan sat trang thai.
Céac phuong phap diéu khién PID va LQR
dugc ap dung sém nhét nho tinh don gian, dé
cai dit va kha nang diéu khién co ban [2, 3].
Tuy nhién, cac bo diéu khién nay hoat dong
hiéu qua cht yéu trén mo hinh 1y tuéng, kém
bén vimng khi c6 bat dinh tham sb hodc nhiéu
moi truong, do d6 han ché ung dung trong
thuc té phuc tap. Su Xuét hién cua Sliding
Mode Control (SMC) [4] d& mang lai tinh bén
viing cao trude bat dinh va nhidu ngoai, dam
bdo hoi tu toan cuc. Tuy nhién, hién tugng
chattering giy dao dong va anh huong dén co

cu chip hanh. Dé khic phuc, cic bién thé
nhu Higher Order SMC (HOSMC) va Super -
Twisting SMC (STSMC) dugc dé xuét [5],
gitp giam dang ké chattering trong khi van
duy tri wu diém bén viing. Nham xir 1y dong
luc hoc phi tuyén va chua biét chinh xac, cac
phuong phap fuzzy logic va neural networks
(NNs) da duoc nghién ctru dé xap xi hé thong.
Sun va Zhang [6] dd phat trién bo diéu khién
adaptive fuzzy cho robot Mecanum, cho phép
bam quy dao trong diéu kién c6 nhidu va bt
dinh. Gan day, Hasanlu va Siavashi (2025) [7]
dd dé xudt phuong phap fuzzy adaptive
backstepping, cho thay kha ning bam quy dao
t6t ca trong moi trudng c6 va khong co nhidu.
Mic du da c6 nhiéu nghién ctru vé diéu khién
cho xe tu hanh da hudng, tir diéu khién kinh
dién PID, diéu khién phan hoi trang thai, diéu
khién phi tuyén, diéu khién thich nghi va diéu
khién thong minh. Cac bo diéu khién nay dam
bao xe bam theo quy dao trong diéu kién co
nhiéu va truot banh xe. Tuy nhién, cac két qua
cha yéu méi dimg lai & két qua mé phong voi
cic bo diéu khién nang cao, do khdi luong
tinh toan phuc tap hodc c6 hién tugng rung
chattering anh huong t6i tudi tho ctia co cau
chap hanh. Cho nén cin phai nghién ctru cac
bd diéu khién c6 khéi lwong tinh toan don
gian hon, d& cai dat cho phan cimg va tranh
dugc hién tugng chattering. Trong bdo cao
nay dé xuat bo diéu khién truot bac cao két
hop nhan dang thanh phan bat dinh mé hinh
gitip ting chat luong diéu khién cho hé robot
di dong.

2. MO HINH TOAN CHO HE ROBOT DI
DONG SU* DUNG BANH MECANUM

21. Phwong trinh déng hoc cua hé
FMWMR

M6 hinh oobot st dung bbén banh xe
Mecanum dugc dan dong doc lap boi bdn
dong co riéng biét. Cac banh dugc bd tri ¢o
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huong cua con lan thu dong nhu trén hinh.
Cac hé toa do X;ly, va XgBYyg lan luot dwoc
dinh nghia 1a hé quy chiéu quan tinh va hé
quy chiéu than xe. Gbc cta hé quy chiéu quan
tinh biéu dién tdm hinh hoc ctia FMWMP tai
vi trf ban déu, trong khi gbc ctiia hé quy chiéu
than xe bicu dién tdm hinh hoc thyc thoi
(thoi gian thuc) cia FMWMP. Van tbc cua
FMWMP trong hé quy chiéu quan tinh va hé
quy chiéu than xe c6 thé dugc mé ta lan luot
bdi cac vecto

Vi :(X| Yi (P)T va

Vs :(XB YB (P)T )

Trong do:

X ly,, XgByg 1 hé quy chiéu quan tinh va

hé quy chiéu gan véi than xe; @ 1a goc xoay

cua robot so v&i hé toa dd quan tinh
T T N A Ay
P =0+ 2 0;,0;1a goc quay va van toc goc

cua cac banh xe thwr 7; I 1a ban kinh banh xe
(m); / 12 momen quan tinh cua robot, 7, 1a
momen quan tinh banh xe; |,d la khoang cach

tir truc Byg va truc BXg dén banh xe nhu
trén hinh; Dy 1a h¢ sb ma sat nhét cta banh
xe; L 1a hé s6 ma sat tinh cta banh xe véi mat

duong; N; 13 phan lyc mat duong tac dong 1én
m
bénh xe tha i, N; = Tg' Xét trong hé quy

chiéu quan tinh va hé quy chiéu gan véi than

Xe.
Vi = R||3 (P)Vg ;VB =1 E+39 (1)
Trong do:
cos(p) —sin(p) O
Ry (9) =| sin(p) cos() 0O
0 0 1

c R4><3

Hinh 1. M6 hinh dong hoc FMWMR

2.2. Phwong trinh dong lwc hoc cua hé
WMR

Ap dung [12] mé hinh dong luc hoc cia robot
di dong sur dung banh Mecanum (MWOV) c6
x6t dén ma sat tinh duoc xay dua trén ham
Lagrange.

Toéng dong nang quay va dong ning tinh tién
cua hé la:
I T SN N U SN Sy BFY v B
E= 2m(xI +yr)+ 5 o+ 5 I, (67 +65+65+063)
)
Heé di chuyén trén mat dat nim ngang nén thé

nang trong truong ctia hé T =0. Co nang cua
hé mobile robot.

L=E+T=E

Nang luong tiéu hao do ma sat nhét:
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1

D:§D0(9f+€)§+é§+éﬁ) 3)
Ap dung Lagrange:
0,0L, oL oD
—(=)——=1-(—+F) 4)
ot 00;," 06, 00;
Thay (2), (3) vao (4) ta dugc:
6Doiéi2
plC F)—% =

4 . 4 .
aa[m(x,2+y,2)+|¢2+|bze?] a[m(x,2+y,2)+|¢2+|bzei2j

i=1 i=1
ot o9 o9

(5)
Thay (1) vao (5) bién dbi ta dugc. Phuong
trinh dong luc hoc cia robot c6 dang:

1=M0+Dyd+F (6)

. T .
Trong do6: r:[rl T, T3 1:4] la momen

duoc cap boi dong co gan vai banh xe;

A+B+l, -B B A-B
v_| B A¥Bsl, A-B B
| B A-B  A+B+l, -B
A-B B B A+B+l,
(7)
2 |.r2

Trong do: A = m8r ‘B

" 16(1+d)

Xét dén anh huéng cua nhidu dau vao va bat
dinh mo6 hinh. Phuong trinh dong luc hoc (6)
duoc biéu dién lai nhu sau:

T+14 = (M +AM)0+ (D, + ADy)0 + F + AF (8)

Trong d6 T4 la nhiéu dau vao. AM , ADy,
AF1a cac thanh phan bit dinh md hinh.
Chuyén thanh phan bat dinh mé hinh sang bén
phai ta thu dugc:

T+14+Gy =MO+ D0 +F 9)

Trong d6: Gy =—AMO—AD,0 - AF

Thay (1), (6) vao (9) ta duoc:
X X,
¥, ==+ D" M)y, [+ M (t+ 14+ G4 —F)
¢ ¢
Ta dat:
=[x (P]T X=Xy ¢’]T x=[x XZ]T
X, ==+ Dpd "M )x, + "M (1 + 14 + G4 — F)
(10)
Phuong trinh trang thai cua hé:

X1:X2 11
%= f(0+g0(T 1 +Gy)

Trong do:
f(x) =—(37J +Dpd "M H)x, —rITMIF
g(x)=rJ*M1

3. THIET KE BO PIEU KHIEN TRUQT BAC
CAO KET HOP BU NHIEU THANH PHAN
BAT DINH CHO HE ROBOT BON BANH
MECANUM

3.1. Thiét ké boé quan sat thanh phan bat
dinh cda hé théng

Ap dung két qua nghién ctru trong (10), (11).

Xét hé thong (11)
X=F(x,1)+B(x,t)(z+d).
x € R"1a vector trang thai; T e R™Ia vector

tin hiéu dau vao; F(x,t), B(X,t) 1a ma tran

trong  do

tham s6 moé hinh phu thudc thoi gian (hé
khong dung) lién tuc va bi chan; d 1a tham sO
bat dinh. Bai toan dit ra 1a xac dinh (j sao
cho sai léch uéc lugng d —(j 1a nho nhat
(matched disturbances).

Tai thoi diém ty hién tai va trong mot khoang
thoi gian du nhé t_; <t<t,_;+d voi
0 < & <1 chon trude. M6 hinh duoc xap xi:
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X~ F(X_,t)+B(X_,t)(z +d)

Trong d6 F(X ,,t,),B(X ;.t) 12 hai ma
tran héng da biét vi X, —1do duoc.

Ky hiu d,_;1a gia tri thanh phan bét dinh
ham da udc lugng duoc & thoi diém ty_j trude
d6. Khi bu bat dinh thong qua dau vao
U=1—0dy_;. Hé sau khi bu s& xap xi duoc
c6 dang:

)_-( ~ F()_(k—l’tk) + B()_(k—l’tk)(z_dk—l +g)

% =% ~OF (4 0)-0B(x )5 +d, ~d, ) =5,
Ta dat:

h =% —X%,—-0F(X_ ,,t)-0.B(x ,t)-(z _dk—l)
= & =h - 6.B(x 1, t)d, (12)

Dé uéc lugng duge d cho khoang thoi gian
t, <t<t, +0 saocho g — min.
Chon ham muc tiéu:

J=g6,=(h -6B(% 1,t)d,)" (R -6B(x ;,t,)d,) > min.
Gia thiét B(X,_,,t,) 1a du hang thi ta gidi bai

toan i uu | g, ||2 — min . Ta duoc:

(jk =arg ngin”gk 2 dk :[BT.B]_l.BT hlo.

Thay (12) vao
d, =[B" BI"B".(X, ~ X, ~ 0 F (% 1, t) -8B 1)z, -0, )/ 6

(13)

Gia tri u6c luong nay dugc sir dung dé bu bat
dinh cho hé trong khoang thoi gian ké tiép 1a
tk <t< tk +9.

3.2. Piéu khién bam quy dao str dung bo
diéu khién trwot bac cao két hop bd quan
sat nhiéu hé théng

Xét hé théng robot di dong banh Mecanum
véi dau vao 1a momen dong co T, ta dinh

nghia: Sai s6 vi tri va van toc: e= Xq — X;
g=X,—X

Dinh nghia mat truot:

S=Ae+é (14)
A >0: 1a ma trdn xac dinh duong quy dinh

dong hoc mong mudn cua sai s0. Pao ham
mat truot:

S=Aé+&=A(X, —X)+ (%X, —X)

Trong d6: ¥=f +Gt+d, v6i d 1a nhidu tong
hop chua biét. Thay vao ta duogc:

S=Aé+%, —f-Gt—d

Luat diéu khién: t=G"(Aé+X, — f +u,)

Trong d6 u, 1a didu khién bam theo dang
HOSMC:
u, =Kk,/|S|-sign(S) +k,S (15)
Khi c6 bd quan sit nhiéu (DO) uéc lugng
duoc d, thi bo diéu khién méi duge thiét ké
nhu sau:

1=G (Aé+%, — f +u,)—d (16)

Omnidirectional
vehicle (11)

d
Disturbance-

observer (13) *

Hinh 2. C4u tric b diéu khién HOSMC
két hop bd quan sat nhiéu

HOSMC
Controller (16)

B

| ><-

3.3. Panh gia tinh 6n dinh cta hé théng

Chon ham Lyapunov ing vién:
1
V(S)= > S'S

LAy dao ham theo thoi gian: V =S'S
Thay bidu thic Stir hé théng di co:
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$ =k, /|S| sign(s) —k,S +d

v6i d=d —d la sai sb uéc luong nhiéu. Ta co:
V =87 (k8] sign(s) —k,S +d)

=" k@)s,[* ~S"k,S+S"d

Gia st | A <8, va ky,k;xéc dinh duong,
Ap dung bit ding thic Cauchy-Schwarz:
STA<S] ] <IS]5rm

3/2

V <=0y || ~ 00, S + 53 v

Khi ”S” du 16n sao cho:

(11”5”1/2 + 0L, [|S]| > 8,e - Thi V <0, suy ra h¢

6n dinh tiém can xung quanh diém can bang.
Néu gia st d -0 khi t — oo (nho bd quan sat
nhiu hoi tu), thi hé théng s& hoi tu vé 0 theo

dinh nghia Lyapunov.

4. MO PHONG VA PANH GIA CHAT LUONG
HE THONG

Céc tham s cua md hinh robot di dong dugc

cho nhu sau:

m=10kg, g=9.81 m/s’,
[=0.1;1b=0.01;d=0.4 [m]; 1 = 0.6 [m];
m=1;r=0.05; Dy =0.1

Toa d6 ban dau cua robot:
x0=10.4;0.3;-0.2;0;0;0];

Quy dao dat:

X4 = [2*sin(0.2*t);2-2*cos(0.1*t);0];
Nhiéu ngoai tac dong 1én robot:

d=50[0.1sin(0.3t)+0.2cos(0.1t);0.3cos(0.2t)+0
.2sin(0.5t);1].

Két qua mo phong trong thoi gian 80s cho

robot khi ¢6 bu nhiu va khong bu nhidu thé
hién trong céc dd thi sau.

2

1.5

1k

051

ot

y.[m]

-0.5

1401 )
|
402! g
LA
\
-1.493

-1.494

-1.495

yim]

-1.496

-1.497

-1.498

-1.499

-1.5

-1.501

-1.46 144 142 14 -1.38 -1.36
x[m]

Hinh 3. Quy dao cta robot

e [ml]

0 1‘0 2‘0 3‘0 4IO 5‘0 6IO 7‘0 80
tls]
Hinh 4. Sai léch vi tri theo phwong x cua robot
gitra hai phwong phap diéu khién
Tu d6 thi Hinh 3, ta thdy bo diéu khién
HOSMC két hop bu nhidu cho chit lugng
diéu khién bam quy dao hinh sb tam t6t hon
so voi bo diéu khién SMC. Hinh 4, Hinh 5
cho thay sai 1éch vi tri theo phuong x va y cua
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bo didu khién SMC vao khoang 0.013 (m),
16n hon nhiéu so v&i bo didu khién SMC co
bu nhiéu khoang 0.002 (m). Tir do thi Hinh 6
ta nhan thay tin hiéu diéu khién cua bd

0.3

———sMe
oo Semeoo] - = HOSMC-DO| |

0.25 0025

0.2

015 0 LT
o005 =
>
001
0.1
25 26 27 45 20 30 31 2 3B 4 35
4]
0.05

-0.05

e .[m]

0 10 20 30 40 50 60 70 80
t[s]

Hinh 5. Sai léch vi tri theo phwong y cua robot
giira hai phwong phap diéu khién

5. KET LUAN

Bo6 diéu khién truot bic cao (HOSMC) két
hop bu nhiéu thanh phan bat dinh 12 mot cai
tién ctia diéu khién trugt truyén théng (SMC)
trong viéc diéu khién robot di dong da hudng
st dung banh mecanum. Mac du SMC c¢6 kha

HOSMC dap tng nhanh hon va d6 qua diéu
chinh nhé hon so véi bd diéu khién SMC
truyén thong.

40 T T .

————— SMC

— — —HOSMC-DO | -
|y "

T

30

20 -

..........

-20
30

40 F! d

50 | | |
1072 107! 10° 10’ 102
Thoi gian (Giay)

Hinh 6. Tin hiéu diéu khién cua hai b6 diéu khién

ning chéng nhiu va bat dinh t6t, nhung nod
héi tu tiém can va co thé gdy chattering.
HOSMC két hop bu nhiéu khic phuc duoc
nhimg han ché nay va giam hién tugng
chattering, gitip hé théng diéu khién muot ma
hon va chinh xac hon.
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