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NGHIEN CU'U THIET KE BO DIEU KHIEN BACKSTEPPING
('NG DUNG CHO RO BOT DI DONG BON BANH MECANUM

RESEARCH AND DESIGN APPLICATION BACKSTEPPING CONTROLLER

FOR MOBILE ROBOT WITH FOUR MECANUM-WHEEL
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TOM TAT

R0 bot di dong bon banh mecanum la rd bt tu dong cd bon banh xe dugc
trang bi banh mecanum, day la loai banh xe dugc thiét ké dic biét dé cho phép
xe di chuyén theo nhiéu huéng khac nhau ma khong can phai thay déi huéng
quay clia banh xe. Cac banh mecanum dugc thiét ké véi cac banh xe nho dat léch
45 d trén bé mat, va ching c6 thé xoay quanh truc cda ching. Khi xe di chuyén,
banh mecanum xoay d€ tao ra mdt luc xodn, gitp xe di chuyén theo nhiéu huéng
khac nhau. Nh tinh nang nay, o bot di dong bon banh mecanum c6 thé di
chuyén theo cac hudng khac nhau mt cach linh hoat va chinh xac. (6 nhiéu
phuong phap diéu khién ro bét di dong nhu diéu khién PI, PD, diéu khién trugt,
diéu khién md, diéu khién thong minh, trong bdo co nay téc gia nghién ctu ting
dung bé diéu khién Backstepping cho rd b6t di dong bdn banh mecanum. Bd
diéu khién Backstepping la mdt phuang phap diéu khién phi tuyén duoc st dung
dé thiét ké bo diéu khién cho cac hé thdng phi tuyén c6 do phic tap cao, cho
phép diéu khién cac hé théng phi tuyén dat dugc hiéu sudt tét va on dinh.

Tir khéa: Diéu khién backstepping, ré bét di ddng, bdnh xe mecanum.

ABSTRACT

The mecanum four-wheel mobile robot is a type of automatic robot with
four wheels equipped with mecanum wheels, which are specially designed
wheels to allow the vehicle to move in different directions without changing of
the direction of rotation of the wheel. The mecanum wheels are designed with
small wheels placed 45 degrees off the surface, and they can rotate around their
axis. As the car moves, the mecanum wheel rotates to create a torsion force,
which helps the car move in different directions. Thanks to this feature, the
mecanum four-wheeled mobile robot can move in different directions flexibly
and precisely. There are many control methods for mobile robots such as PI, PD
control, sliding control, fuzzy controller, and intelligent control, in this report the
author studies the application of a Backstepping controller for a four-wheeled
mobile robot mecanum. A Backstepping controller is a nonlinear control method
used to design controllers for highly complex nonlinear systems, allowing the
control of nonlinear systems to achieve good performance and stability.

Keywords: Backstepping control, a self-propelled robot, mecanum wheel.
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Ha Huy Giap"’, Nguyén Quang Dai?

1. GIGI THIEU

Nghién ctu r6 bét di dong la linh vuc nghién cu tap
trung vao viéc phat trién cac ré bot ¢ kha nang di chuyén
trong méi trudng thuc té. N6 bao gém nhiéu linh vuc nhu
co khi, diéu khién, nhan dang, thi gidac may tinh, tri tué
nhan tao va hoc may. Muc tiéu cta nghién ctu r6 bot di
dong la tao ra cac ré bét c6 kha nang di chuyén linh hoat,
ty déng hoa cac tac vu trong méi trudng khac nhau va thuc
hién cac nhiém vu hitu ich cho con nguai.

Nghién ctu vé r6 bét di dong dugce chia lam bén bai
toan chinh: Thiét ké quy dao, diéu khién chuyén dong, dinh
vi va truyén théng.

Hiéu biét vé& mai trwong va vi tri diém dich
mong mudn

Théng tin vé vi tri,
huong, van téc,...
dwoc thu thap tir cac
cam bién

A —

THIET KE QUY PAO

Thong tin cam bién vé
mdi trwdng

_| PIEU KHIEN CHUYEN |«
DONG

DINH VI

TRUYEN THONG ‘ ‘ RO BOT DI PONG

Hinh 1. Moi lién hé gitta céc bai toan nghién cu trong linh vuc rd bot di ddng

Bai toan dinh vi la bai toan phéi két hop cac cam bién
dé udc lugng vi tri, hudng, van téc, va gia téc cta rd bét di
dong trong thai gian thuc.

Bai toan truyén thong la bai toan thiét lap kénh giao
ti€p gilta rd6 bot di ddng nay véi ro bét di ddong khac hoac
gilra r6 b6t di dong vai cac thiét bi khac trong méi trudng
hoat déng.

Thiét ké quy dao la mot bai toan quan trong trong linh
vuc rd bét di déng, dac biét trong moéi trudng c6 nhiéu vat
can. Trong bai toan nay, bo diéu khién can tim ra mot quy
dao t6i uu dé r6 bét di dong di tir diém xuat phat dén diém
dich ma khéng c6 va cham véi bat ky vat can nao. Sau khi quy
dao dugc thiét ké, bai toan diéu khién chuyén dong dugc cha
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y dén dé lam sao cho r6 bét phai bam theo quy dao vira dugc
thiét ké. Bai toan thiét k& quy dao két hgp vdi bai toan diéu
khién chuyén déng dugc goi la bai toan navigation.

Pé tao diéu kién cho viéc thiét k& va ap dung cac thuat
toan diéu khién, ré b6t dugc mé hinh héa bang mé hinh
doéng hoc va mo hinh dong luc hoc. Trong [1], nhém tac gid
da tap trung vao viéc phan tich déng hoc ctia mot ré bét di
dong banh xe véi banh xe mecanum bang cach st dung
phuang trinh Lagrange loai hai. Cac phuong trinh nay dugc
st dung d€ mé hinh héa r6 b6t va tinh toan cac tham s6
can thiét dé diéu khién roé bét. Mé hinh déng hoc dugc xay
dung dua trén cac ddac tinh cda banh xe mecanum, bao
gém cac goc quay clia banh xe va cac luc tac dong 1én rd
bét. Bai bao ciing xdy dung mot mé hinh déng hoc chi tiét
cla rd bét, bao gom cac thong s6 nhu khéi lugng, kich
thudc va dong co. Sau khi xay dung moé hinh déng hoc, bai
bdo dé xuat st dung bod diéu khién Pl va bo diéu khién PID
dé diéu khién ro bot. Cac bd diéu khién nay dugc st dung
dé gilt cho rd bét duy tri vi tri va hudng di chinh xac. Bai
bdo [2] clia Lih-Chang Lin, Hao-Yin Shih tap trung vao mé
hinh héa va diéu khién mét rd b6t di ddng banh xe omni-
mecanum. Bai b4do dé xudt mot phuang phap diéu khién tu
déng dua trén diéu khién phan héi trang thai dé gidi quyét
van dé cla cac banh xe khong déng bé trong qua trinh di
chuyén, phuong phap nay st dung mét boé loc Kalman dé
uéc lugng trang thaéi roé bot, bao gém vi tri, t6c d6 va gia toc
cUa banh xe va r6 bét. Trong [3] clia tac gia Alakshendra va
Chiddarwar, dugc cong bé tai héi nghi IROS nam 2016,
nghién ctu vé viéc ap dung phuong phéap diéu khién linh
hoat d@é diéu khién ré bét di dong banh mecanum. Bai bao
da sir dung phuong phap giai thuat di truyén dé téi uu hoa
cac tham s6 cla bo diéu khién thich nghi, tir d6 dadm bao
rang rd bot di déng banh mecanum c6 thé thich Ung véi
cac diéu kién dong trong qua trinh di chuyén. Trong [4] tac
gid tap trung vao viéc gidi quyét van dé diéu khién ré bét di
déng da hudng (omnidirectional) véi @& &n dinh cao trong
viéc theo doéi (tracking) cac dudng di dugc chi dinh. Cac
phuong phéap kiém soat truyén théng thudng gap kho
khan khi diéu khién r6 bét di dong da hudng vi tinh phc
tap clia chuyén déng cuta ré bét. Trong bai bao nay, tac gia
dé xuat st dung phuong phap diéu khién trugt (sliding-
mode) dau ra dua trén viéc st dung cac théong s6 dau ra cla
hé théng dé giam thiéu sai s6 trong viéc theo déi dudng di,
bai bdo dua ra hai phuong phap diéu khién trugt dau ra
khac nhau, mét dua trén ly thuyét dé hoa (graph theory) va
mot dua trén ly thuyét hé dong luc phi tuyén (nonlinear
dynamics). Ca hai phuong phap déu st dung moét bo diéu
khién thich nghi (adaptive control) dé dam bdo tinh 6n
dinh cta hé théng. Trong [5] tac gia Hao Ce va cong su tap
trung vao viéc diéu khién ré bot di dong véi banh xe
nonholonomic. Trong bai bdo, cac tac gia dé xudt mot mo
hinh toan hoc chi tiét cho ré bét di dong véi banh xe non-
holonomic, sau dé st dung phucng phap diéu khién
sliding-mode bac hai va luat chuyén mach dé gidi quyét
van dé diéu khién cua ro b6t trong cac ché dd khac nhau.
Poéng thai, ho cling dua ra mét phuong phap hoc tiang
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cudng dé cai thién hiéu qua cla phuong phap diéu khién.
Cac tac giad da ching minh dugc rang phuong phap diéu
khién bdng sliding-mode bac hai nay c¢6 kha ning téi uu
hoa hiéu suat ctia hé théng diéu khién ré bét va giam thiéu
hiéu (ng chuyén déi trong qua trinh diéu khién. Vién CNTT,
Vién Ca hoc - Vién Han 1am KHCN Viét Nam cé kha nhiéu
cdng trinh cong bo vé nghién cdu rd bt di déng, nhu [6, 7]
trinh bay vé cac phuong phép diéu khién méi dé bu trugt
cho r6 bét di dong khi tén tai trugt banh xe, bat dinh mé
hinh va nhiéu ngoai cho r6 b6t di déng 03 banh xe, bé diéu
khién dé xuat sir dung mang Gaussian wavelet dé hoc cac
thong sé chua biét cla hé théng r6 bt va cung cap kha
nang thich nghi véi cac thay déi bat ngd. Mét bo diéu khién
truot dugc tich hop dé gidp diéu khién ré bét theo quy dao
dugc dua ra. Bai bao cling dé xuat mét phuong phap téi uu
héa tham s& dé dat dugc hiéu suat t6t ctia bo diéu khién.
Trong [8] tap trung vao viéc thiét ké mot bd diéu khién déi
vGi mo hinh r6 bét di dong omni-directional khéng chac
chan bang cach sir dung mang no-ron ham ca s& (RBF). Bai
bao dé xuit mot bd diéu khién thich nghi cho mé hinh ré
b6t di ddng omni-directional khong chac chan. Mét mang
na-ron (RBF) dugc st dung dé hoc cac théng s6 chua biét
ctia mé hinh ré b6t va cung cap kha nang thich nghi vai cac
thay d&i bat ngs clia méi trudng.

Qua cac nghién cdu ta nhan thay bai toan diéu khién
chuyén déng cuc ky quan trong trong linh vuc ré bét di
dong, badi vi hiéu nang clia cac luat diéu khién anh hudng
truc ti€p dén hiéu qua cla cac ing dung ro6 bot di dong
trong san xuat va doi séng. Do vay, trong nghién ctu nay,
cac tac gid trinh bay phuong phép diéu khién chuyén
doéng cho ro bét di ddéng bén banh mecanum st dung bd
diéu khién backsteping dé nang cao hiéu qua diéu khién
cho ré bot.

2. MO HINH PONG HOC VA PONG LUC HOC CUA HE
RO BOT DI DONG BON BANH MECANUM

2.1. Xay dung mé hinh dong hoc cho hé Robot di dong

X

_—

\
veos(y) ' ; veos(y)
Y i, vsin(y)
Y
usin(y) A B
y, , usin(y) ”j
v SL('//) ucos(y)
I X L
— x —» ucos(y)

Hinh 2. Md hinh ddng hoc rd bot di dong

Xét mod hinh mo hinh déng hoc ré bot di dong gan vai
cac hé truc toa d6 c6 dinh xily; va hé toa do x,By, gan véi
trong tdm B clia rd bt nhu hinh 2. Cac théng s6 clia hé gom:

x - Khodng dich chuyén theo truc x; trong hé toa doé xily:.

y - Khodng dich chuyén theo truc yitrong hé toa dé xily..

P - G6c quay cla than r6 bot trong hé truc toa dé xily:.
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u - Van téc dich chuyén theo truc x, trong hé toa dé x,Bys.
v - Van t6c dich chuyén theo truc y, trong hé toa d6 x,Bys.
r - Van t6c goc cla robot trong hé toa dé x,Bys.

Ap dung két qua bai bao [1], cac phuong trinh déng hoc
cla hé r6 bé di dong thé hién mai lién hé cha van téc va
gbc quay trong hé truc toa dé gan vai tam r6 bét (B) va hé
truc toa do ¢é dinh (I):

X | [ucos(P)—v.sin(p) | |cos(p) —sin(p) O]|u
y |=| u.sin(p)+v.cos(P) [=| sin(p) cos() O v| (1)
o| |r 0 0 1|r
n=JW)< ()
Trong d6:
X u cos(p) —sin(p) O
n=ly [;{=|v[jW)=|sin(y) cos(y) O (3)
1) r 0 0 1

2.2. Xay dung mé hinh déng luc hoc hé r6 bét di déng

Xét mé hinh m6 hinh dong luc hoc ré bét di déng gan
véi cac hé truc toa d6 nhu nhu hinh 3. Bat B - la tam hinh
hoc ctia r6 bét, C la tam cla r6 bét. Cac thong s6 clia hé
gém: m - khéi lugng ctia ré bét; I, d - chiéu dai, chiéu rong
r6 bét; I, - mé men quan tinh ré bét; r, a., 1a van téc va gia
téc goc rd bot; acy, ac - gia toc theo truc x, y cla rd bot; a la
dudng kinh cta banh xe. Ap dung két qua bai béo [1] xay
dung phuong trinh déng luc hoc cho ré bét.

Hinh 3. M hinh dong luc hoc rd bot di dong
Ap dung Lagrange cho hé r6 b6t ta dugc:
L = KE - PE (4)

i(@j_ﬁ_L _F

dtiov) ox

Trong dé:

KE =%m[)'(é +yé]+%lczr2;PE =0

Xc =U=Ypr (5)

Y = VX, [T
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Lodfa) a .
' dtlog ) aq, (6)
Nhu vay:

1T . . 1
L =KE —PE = Em[xé +y§]+5lczr2

L :%rr(uz —2ury, +V2 +2vix, +17 X +)'f,c])+%|ar2 (7)

Theo Lagrange ta cé:

F_da

dt du

F d oL
y _EE (8)

_da

* dtor

Thuc hién tinh dao ham L theo cac bién u, v va r sau dé
thay vao (8) ta dugc:

F =mU-vr—x_r’ —y,f)
F, =m(V+ur—y,r* +x,f) )
M, =I_f +m(x, [V +ur]—y, [U—vr])+mi(¢, +Y2)

Ta c6 thé viét lai (9) va dang ma tran nhu sau:

m 0 -y, u| |=rr(v+x.1 F
0 m MM v+ mru-y,n |=|F | (10)
Yy Ml HTOC +Y) | F | [T u+y ) | | M,

D{+n(Q) =1 (11)
Trong do:

m 0 MYy,
D=| 0 m mx,, ;

-my,. mx, |, +m(x; +y.)

—mr(v+X,.r) F.
n(Q) =| mr(u—y,r) ;T=|F,

mr(x, u+y,.v) M

z

3. THIET KE BO DIEU KHIEN BACKSTEPPING CHO HE
RO BOT DI DONG

3.1. Phuong trinh déng hoc va déng luc hoc mé ta hé
r6 bét di déng

{ﬁ =J(n).C
{=D" [T-n(Q]=D"'[-n(Q)]+D't
Hé phuong trinh (12) dugc viét lai nhu sau:
{5(1 =f,(x;)) +9,(X,)x,
X, =f,(X;,%,)+9,(X;,X,)u

(12)

(13)
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Trong do:

X, =nX, =Gu=T1

f,(x,) =0;g,(x;) = J(n) ;
£,(x,,%,) =D [-n(0)];9,(x,,x,) = D’

Xig =Ny
X u . .
n=|y Lg={v ] e
5 7)) .. .
Xig =Ny
)
€ =Xy =X

J(n): 1a ma tran Jacobian;

cos(p) —sin(p) O
jin)=| sin(p) cos(p) O
0 0 1

Ta nhan thdy f(x, t), g(x, t) 1a cdc ham phi tuyén va
g(x, t) = 0. Dat e; = x14 — X3, trong d6 x4 la gid tri dat. Muc
tiéu diéu khién lae;— 0va &, »>0.

3.2. Thiét ké bé diéu khién backstepping

Buéc 1:

é1 = X1d - X1 = X1d = 9,(X,)x,

Nhan thay e; — 0, Chon ham Lyapunov cé dang:

1
Vi=—¢]
2
Dao ham ta dugc V,

\./1 =€, =€,(X,y —7,(X)X,)

Ta nhan thdy V, < 0 néu ta chon
X,g —9,(x,)x, = —k,e,, k, >0, khido V, = —k e?

Budc 2:

Do da «chon x,,—-9,(x,)x, =-k,e, suy ra

9,(X)x, =X, +kie,, ta chon tin hiéu vao bd diéu khién
91(X1)X2d = Xw + k1e1
X2d = 91_1 (X1)(X1d + k1e1)

Khi x, — X,4 ta dugc sai lénh gilta tin hiéu dat va tin hiéu
phén hoi: €7 =Xad— X2

€, =Xy =X, =X, —F, (%, t)—g,(X,t)u

Chon ham Lyapunov c6 dang:

(17)

(18)

1 1
V, =V +oel = (el e

Pao ham ham V, ta dugc:

V, =e,(X, —g,(X,)x,) +e,e,

=—k.e} +e,.9,(x,).e, +e,(X,y —F,(X,t) =g, (x,t)u) (20)
= kel +e,.(g (x,)e, + X,y —F,(X,t) =g, (X, t)u)
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Nhén thdy dé V, <0 ta chon:

g, (x,)e, +%,, —f,(x,t) =g, (x,t)hu = -k,e,,k, >0 (21)

Khi do: V, = —k,e? —k,e2

TUu (21) ta chon b diéu khién c6 dang:

u =g, (x,t)k,e, +X,4 +9; (x,)e, —f,(x, 1)) (22)
T (22) két hop v8i Xy =G (X)X +K&,), ta rut ra

luat diéu khién c6 dang sau:

u= 9; (X,t)(k262 + 9171 (X1)(X1d + k1é1)

g (23)
+G, (X1 )e1 _fz (Xat))
Trong do:
nd X1d
n= § (= | R
W ’ ; ' ﬁd :Xm '
€ =ny—N

X, =X, =Gu=t1

f1(x1) =0; 9, (X1) = J(ﬂ)

f,(x,t) =D7'[-n(D)];9,(x,t) = D™’
u=D[k,e, +{,+J (n)e, [+n()

Thay vao (23) ta dugc phuong trinh cla luat diéu khién
thda man diéu kién 6n dinh Lyapunov nhu sau:

u=D[k,e, +J" (i +k&)+J ()., [+n(Q)
4. MO PHONG VA DANH GIA KET QUA BO DIEU KHIEN

(24)

a

-

| |

% macyl lez0lcz

m lez oy

3 Co<——
Ay B o< T

5% )
Fy
Xpe

Y

Cac tham s6 ctia m6 hinh r6 bét di dong dugc cho nhu
sau: m = 10kg, g = 9,81m/s? I, =0,1; Xoc = 0; Yo = 0; d = 0,4;
1=0,6;
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Két qua dap uing theo thai gian qua trinh bam vi tri cta

r6 bét di dong.
Trudng hgp quy dao c6 dang duéng cong s6 tam:

4
p—
E,
al
-2
-2 0 2 4
X,[m]
Hinh 4. Quj dao cla rd bot
4 .
—x[m
_ ey dml
w2 ¥,[rad] ]
= | T “
S0
=D L L/
0 50 100
t,[s]
Hinh 5. Vi trix, y va goc quay cda ro bét
-3
10 X 10
—x,[m]
2 [rad] |
.E 5 T ’lpi
s
= L~ ’// \\\ s /
0 50 100
t,[s]
Hinh 6. Sai léch vi tri ciia r6 bt so vdi vi tri dat
0.5
R —--u,[m/s]
|y, [mis] |
(7} ' r[rad/s]
i o / \ J RS-
)
-0.5 :
0 50 100
t,[s]

Hinh 7. Van toc theo truc x, y va van téc goc clia rd bot
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Trudng hop quy dao la dang cung tron:

4
= 2
E
>0
-2
-2 0 2 4
X,[m]
Hinh 8. Quj dao cla rd bot
10
~x[m]
_ ~y,Im]
8 Ll ,[rad]
= 5
5, g
=
0‘;,
0 50 100
t,[s]
Hinh 9. Vi tri x, y va goc quay cla rd bot
0.03
—x[m]
- —y[m]
= U02 v [rad]
‘g
=)
= 0.01
0 50 100
t,[s]

Hinh 10. Sai léch vi tri ctia rd b6t so véi vi tri dat

0.2 [F===mrmmmmm==tes —ﬂ'u,[m/S] |
015! s
| r,[rad/s]

0 50 100
t,[s]
Hinh 11. Van tdc theo truc x, y va van tdc goc clia rd bét
Panh gia sai Iénh gilta phuong phap Backstepping va

¢,[units]

phuong phap PD thong thudng véi anh huéng cta nhiéu
dau vao:
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Trong bai bao nay ta chon b6 diéu khién PD sao cho hé

—en J
théng c6 d6 vot 16 POT = e[ﬁ <0,2 va thai gian qua do

4
t =——=<2.Tachon&=0,5va w,=2.
Ew

Phuang trinh ddng hoc sai s clia hé c6 dang:
s?+28w s+w’ =0
& +4s+4=0
4 0 0] 4
Tachonk -0 4 0k, =|0
0 0 4] 0

-2
-2 0 2 4
x,[m]
Hinh 12. Quj dao cla rd bot
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Hinh 13. Sai léch vi tri truc x ciia r6 bot gitta hai phuong phép diéu khién
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5 X 10 . . . .
7N\ ——ePDy,[m]
2t/ 0\

%eBSy,[m] ]

0 20 40 60 80 100
t,[s]
Hinh 14. Sai léch vi tri truc y ctia rd bt gitta hai phuong phép diéu khién
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0.15
——ePDpsi,[rad]

f ——eBSpsi,[rad]
|
. 0.1
[75) |
h |
e |
= |
0.05

0 . .
0 20 40 60 80 100

t[s]
Hinh 15. Sai l&ch vi tri gdc quay clia rd bét gidia hai phuong phap diéu khién
Truéng hop quy dao la dang dudng cong s6 tam:

\
LA e R

-2 0 2 4
x,[m]
Hinh 16. Quy dao cla rd bdtt dang dudng cong s6 8

——ePDx,[m]
0.04 ——eBSx,[m] |1
. 003]
2 |
i 0.02 ‘\
= 001 |
-0.01 ‘ ' : ‘
0 20 40 60 80 100
t,[s]
Hinh 17. Sai l&ch vi tri truc x ctia r6 bét giita hai phuong phép diéu khién
-3
3 X 10 . .
VAR ——ePDy,[m]

20/ ——eBSy,[m] ]

0 20 40 60 80 100
t,[s]
Hinh 18. Sai l&ch vi tri truc y cdla r6 bt gitta hai phuong phap diéu khién
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1 ; .
——ePDpsi,[rad]
——eBSpsi,[rad]
0.5
z
5 0
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-0.5
1!
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Hinh 19. Sai l&ch vi tri gc quay cGa r6 b6t giiia hai phuong phap diéu khién

Ta nhan thay véi phuong phép diéu khién Backstepping
cac sai l1énh vé vi tri, goc l1éch va dap ung thai gian tét hon
so v&i phuang phap PD truyén thong khi cé anh hudng clia
nhiéu dau vao.

5. KET LUAN

Qua két qua mé phong so sanh gitia phuong phap diéu
khién PD théng thudng va phuang phap Backsteping ta
nhan thdy hé théng ré bét c6 nhiing uu diém nhu:

Diéu khién chinh xac: Phuong phap Backstepping dugc
thiét ké dé dat d6 chinh xac cao trong viéc diéu khién céc
hé théng phi tuyén. N6 cling cho phép diéu khién chinh
xac hon cac phuong phap truyén théng, chdng han nhu
diéu khién Pl hoac PD.

On dinh tuyén tinh: B diéu khién Backstepping c6 thé
gitp dat dugc d6 8n dinh tuyén tinh cho hé théng diéu
khién. Diéu nay c6 nghia la bat ky do léch gitia gia tri thuc
té va gia tri dat muc tiéu déu dugc dan dén sy can bang va
6n dinh nhanh chéng.

Kha nang Uing dung rong: B diéu khién Backstepping
c6 thé dugc ap dung cho nhiéu loai hé théng diéu khién
khac nhau, bao gém cac hé théng khéng tuyén tinh va
dong co dién.

Tinh linh hoat: Phuong phdp Backstepping cho phép
linh hoat diéu chinh cac théng s6 diéu khién, bao gém hé
56 diéu khién va ham muc tiéu, dé dat dugc hiéu suat téi uu
cla hé théng. Khi cé nhiéu tdc déng vao dau vao thi bd
diéu khién cho dap ung tuang déi t6t tuy nhién van cé hién
tugng rung lac tuy thudc vao bién d6 clia nhiéu, van dé nay
6 thé dugc khéc phuc véi nhiing phuang phap diéu khién
cao hon.

Website: https://jst-haui.vn

TAI LIEU THAM KHAO

[1]. Hendzel Z., L. Rykata, 2017. Modelling of Dynamics of a Wheeled Mobile
Robot with Mecanum Wheels with the use of Lagrange Equations of the Second
Kind. International Journal of Applied Mechanics and Engineering, 22(1): p. 81-
9.

[2]. Lin L.C., H.Y. Shih, 2013. Modeling and adaptive control of an omni-
mecanum-wheeled robot. Intelligent Control and Automation, 24, 166-179.

[3]. Alakshendra V., S.S. Chiddarwar, 2016. A robust adaptive control of
mecanum wheel mobile robot: simulation and experimental validation. in 2016
IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS).

[4]. Ovalle L., et al., 2019. Omnidirectional mobile robot robust tracking:
Sliding-mode output-based control approaches. Control Engineering Practice 85,
50-58.

[51. Ce H., et al., 2018. Ffinite-time switched second-order sliding-mode
control of nonholonomic wheeled mobile robot systems. Complexity, Article ID
1430989, 10 pages.

[6]. Nguyen T., et al., 2019. A Gaussian wavelet network-based robust
adaptive tracking controller for a wheeled mobile robot with unknown wheel slips.
International Journal of Control, 92(11): p. 2681-2692.

[71. VuN.T.T., et al., 2021. Robust adaptive controller for wheel mobile robot
with disturbances and wheel slips. International Journal of Electrical and
Computer Engineering (IJECE), 11(1): p. 336-346.

[8]. Kim D.H.T., et al., 2021. Adaptive control for uncertain model of omni-
directional mobile robot based on radial basis function neural network.
International Journal of Control, Automation and Systems 19(4): p. 1715-1727.

AUTHORS INFORMATION
Ha Huy Giap', Nguyen Quang Dai?

"Faculty of Electrical Engineering, University of Economics - Technology for
Industries, Hanoi, Vietnam

2Hanoi University of Industry, Vietnam

Vol. 59 - No. 3 (June 2023) e Journal of SCIENCE & TECHNOLOGY | 37



