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TOM TAT

Nghién citu nay dé xudt mét phirong phdp diéu khién bam quy dao cho
robot di déng phi holonomic trong méi trirong c6 nhiéu. B¢ diéu khién
trugt dong luc (Dynamic Sliding Mode Controller, DSMC) dirgc két hop
voi ky thudt backstepping nhdm néng cao d¢ chinh xdc bam quy dao va
ting kha ndng chong nhiéu. Mé hinh dng luc hoc ciia robot dwgc xdy
dung theo phuong phdp Lagrange, cd xét dén quan tinh, lirc Coriolis v
nhteu ngodi. Ludt diéu khién sir dung mat trwot kiéu PI dé bdao dam tinh
6n dinh, trong khi ham bdo hoa dwoc dp dung dé giam hién twong
chattering. Hiéu qud ciia phwong phdp dwoc danh gid bang mé phong trén
MATLAB/Simulink véi ba quy dao gom tron, elip va hinh chit nhdt, trong
diéu kién cé va khong co nhiéu. Két qua cho thdy hé thong dat thoi gian
ddp vmg dudi 1 s, sai 0 xdc lap nho hon 0,02 m, hau nhur khéng cé do vot
16 va vén duy tri dugc tinh on dinh cao dudi tac dong cua nhiéu. Phirong
phdp dé xudt cho thdy tiém ning g dung trong cdc hé robot di dong lam
viéc trong méi truong thuc té c6 bat dinh.

Tir khéa: Diéu khién truot dong luc hoc, backstepping, robot di dong phi
holonomic, bam quy dao, nhiéu tac dong tir moi truong ngodi

ABSTRACT

This study proposes a trajectory-tracking control method for
nonholonomic mobile robots operating under external disturbances. A
Dynamic Sliding Mode Controller (DSMC) combined with the
backstepping technique is developed to improve tracking accuracy and
disturbance rejection. The robot dynamic model is derived using the
Lagrange method, taking inertia, Coriolis force, and external
disturbances into account. A Pl-type sliding surface is employed to ensure
system stability, while a saturation function is introduced to reduce
chattering. The effectiveness of the proposed controller is evaluated in
MATLAB/Simulink using three reference trajectories, namely circular,
elliptical, and rectangular paths, under both disturbed and disturbance-
free conditions. Simulation results show that the system achieves a
response time of less than 1 s, a steady-state error below 0.02 m, almost
no overshoot, and high stability even in the presence of disturbances.
These results indicate that the proposed method is a promising solution
for trajectory-tracking control of mobile robots in practical environments
with uncertainties.

Keywords: Non-holonomic mobile robot, dynamic sliding mode control,
backstepping, trajectory tracking, disturbance uncertainties
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1. GIOI THIEU

Robot di dong c6 banh xe (Nonholonomic-
Wheel Mobile Robot - WMR) 1a mét thiét bi co khi
duoc thiét ké dé thuc hién cac nhiém vu tir don gian
dén phtrc tap, tiy thudc vao yéu cau cua timng nhiém
vu cu thé. Robot di dong duoc sir dung trong nhiéu
linh vuc nhu logistics, y té, ndng nghi¢p va tham do
nhimg khu vuc nguy hiém. Mdi tmg dung yéu cau
thiét ké phan cing khac nhau dé ¢am bao robot di
chuyén linh hoat va twong tic phu hop voi
moi trudng.

Trong nghién ctru robot, diéu khién bam qu¥ dao
1a mot chu dé duoc nghién ctru rong rdi vi tinh tng
dung thuc tién cao. Aydi et al. (2016) da dé xuét
phuong phéap diéu khién robot di déng phi-
holonomic str dung bd diéu khién truot véi cu tric
dugc cai tién. Thai et al. (2022) da phat trién phuong
phap bam quy dao dya trén PID cho WMR bing
cach diéu chinh céc théng sb diéu khién khac nhau.
Ngoai ra, Trang va Tung (2022) gi6i thi€u gidi phap
st dung bo diéu khién truot két hop mang no-ron
ham co s& xuyén tdm (RBF) nhiam nang cao hiéu
sudt bam quy dao trong cac hé c6 nhiéu tin hiéu dau
vao. Mot sb nghién ctru khac khi dugc thuc hién da
kham phé cac ky thuat diéu khién khac nhau cho
WMR, ching han nhu diéu khién tdi wu LQR
(Klemm et al., 2020) va diéu khién backstepping
(Zidani et al., 2015; Shojaei et al., 2011; Ye &
Wang, 2020). Mot s tac gia con két hop diéu khién
PID v&i didu khién thich nghi dé cai thién kha ning
bam quy dao cua robot (Cen & Singh, 2021), cling
nhu két hop bo diéu khién mo va mang than kinh dé
khir nhiéu ngoai cho robot c6 truot ngang (Ha et al.,
2024).

Mac du cac phuong phap nay dat dugc nhing
két qua dang khich 1€, nhung van ton tai mot s6 han
ché. Vi dy, cdu triic PID don gian thudong gip kho
khan khi xir 1y cac hé phi tuyén do cin tinh chinh
tham s6 chinh x4c (Thai et al., 2022). Trong khi do,
diéu khién truot (SMC) dugc biét dén véi kha ning
chéng nhiu tot, nhd co ché diéu khién dua trén bé
mat trugt giup hé thong duy tri 6n dinh trude cac
nhiéu loan va mé hinh khong chinh xac. Tuy nhién,
phuong phap nay thuong gay ra hién tuong rung
(chattering) — tirc 1a cac dao dong tan s6 cao khong
mong mudn, nhu di duoc Aydi et al. (2016) dé cap.

Tai Viét Nam, viéc nghién cuu vé WMR cling
da thu hat sy quan tam. Mot ) cong trinh khi dugc
thyc hién da tap trung vao tng dung SLAM cho
robot bon banh (Hieu et al., 2022) va xdy dyng ban
db trong khi di chuyén (Hieu & Cuong, 2024). Tuy
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nhién, viéc thuc hién cc nghién ctru nay chi yéu
huéng dén thiét ké va diéu khién robot trong moi
truong chua biét trudc, ma chua quan tim dén mo
hinh dong hoc. Hién va ctv. (2024) di dé xudt mot
bo diéu khién dong lyc hoc két hop ca md hinh dong
hoc va dong lyc hoc cua robot nhdm nang cao do
chinh xac va tinh 6n dinh.

Tuy nhién, cac nghién ctiu trudc day khi dugce
tién hanh chu yéu tap trung vao viéc cai thién hi¢u
suat bam quy dao trong diéu kién 1y twong va chwa
xem xét day du anh huong cua nhiéu loan bén ngoai
va su khong chic chan trong m6 hinh dong hoc cua
robot. Dé giai quyét van dé nay, mot phuong phap
diéu khién trugt dong luc hoc (DSMC) két hop voi
ky thuat Backstepping da duoc dé xudt nhim nang
cao kha niang chdng nhifu va do chinh xac trong
didu khién robot WMR. Khac v6i cac cong trinh
truge, phuong phap nay con tich hop ham bao hoa
dé giam hién twong rung (chattering) — mot yéu
diém thuong gap trong diéu khién trugt. Phuong
phap d& xuat duoc kiém ching thong qua md phong
trong MATLAB/Simulink véi nhiéu dang quy dao
khac nhau (tron, elip, chit nhat) trong ca hai diéu
kién c6 nhidu va khéng nhiéu, cho thay tinh hiéu qua
va tiém nang tmg dung thyc té.

2. PHUONG PHAP NGHIEN CUU
2.1. The non-holonomic dynamic model

Robot di dong c6 banh xe (WMR) trong h¢ toa
do duoc xem xét nhu Hinh 1. M6 hinh WMR duogc
sir dung theo Zidani et al. (2015). Robot WMR gdm
hai banh chi dong va mot banh dinh hudng toan
phan (omnidirectional), gitp robot gilr thang bang
va di chuyen muot ma. Goi R 1a khoang céch tur tam
robot dén cac banh trai va phai va r 13 ban kinh cta
cac banh chu dong. M6 hinh nay dya trén nghién
clru cua Zidani et al., (2015), trong d6 mot bo diéu
khién backstepping da dugc thiét ké nham nang cao
kha ning bam quy dao va tinh 6n dinh cho robot
WMR.

Theo Hinh 1, vi tri ctia robot di ddng c6 banh xe
(WMR) duogc xéac dinh bdi phuong trinh:
q=1Ix y 0]
Véix,y, 0 lan luot biéu thi vi tri cua robot trong
hé toa d6 tham chiéu.

Phuong trinh déng hoc thuan (forward
kinematics) cho robot WMR duoc biéu dién
nhu sau:
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Hinh 1. M6 hinh dong hoc ctia robot di dong c6
banh xe (WMR).

cos(0).v
-

(1)
cos(8) 0 v
= [sin(G) 0] [w] =J(@.v
0 1

V6i J(q) 1a ma tran Jacobian, v, w 1an luot 1a van
toc tuyén tinh va van téc goc. Theo Fukao et al.
(2000), phuong trinh mé hinh dong luc hoc cua
robot di dong c6 banh xe (WMR) dugc trinh bay nhu
sau:

M(@)§+V(q,4)q+G(q)+F(q) +14
=B(q)t+ AT ()2

Trong do6:

2

e M(q) la ma trAn quan tinh,

e V(q,q) 1a matran lyc Coriolis va lyc ly
tam,

o T,41a nhiéu loan tac dong 1én hé théng,
e 7 la vecto tin hiéu diéu khién,

e B(q) la ma trin du vao cta hé sb hé thong,
chura cac h¢ so lién quan dén luc ly tam va Coriolis.

e A lavecto cac boi sb Lagrange (Lagrange
multipliers),

e AT(qg) 1a ma trin rang budc (constraint
matrix),

e (G(q) lavecto trong luc,
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e F(g) la vecto ma sat v6i bé mat,

e 4, lan luot 1a vecto van toc va vecto
gia toc.

m 0 0
M(q)=[0 m 0] 3)
0 0 I
—sin(@)
AT(q) = [ cos(0) l “4)
0
G(q)=0 (5)
1[ cos(8)  cos(6)
B(q) = =|-sin(@) sin(6) (6)
"L R —R
V(g,4) =0 (7
=[] ®
A = —m(%, cos(6) + y. sin(8))6 9)

Trong d6, m 1a khdi lugng cia robot di dong
(WMR), I 1a mé-men quén tinh cia WMR quanh
khoi tam.

AT(@)g =0 (10)

Va ma tran JT(g) 1a ma trin 4nh xa (mapping
matrix):

JH (@A™ (q) =0 (11)

Nhén ma tran JT (q)vao phuong trinh (2), ta thu
duoc ma tran ha bac:

M(@v+V(q,§v+F(@)+ 17,

~ 12
=B(q)t (12)

Trong d6: M,V,F(q),%4 B(q) 14 cic ma tran
bac giam (reduced-order matrices) tuong g cua
M(q) V(q,4),F(q),t4,B(q). Gia st khong coé
nhiéu va tac dong bén ngoai, phuong trinh co thé
duoc viét lai nhu sau:

v=E.t(t) (13)
Voi:
I I ]

E=M"(q)B(q) = mrl[Rm —Rm



Tap chi Khoa hoc Dai hoc Can Tho

2.2. Diéu khién DSMC-Backstepping
2.2.1. Thiét ké hé thong diéu khién cho robot di
dong co banh xe (WMR)
~ Sai sd gitra quy dao mong mudn va quy dao thyc
té cta robot di dong dugc thé hién trong Hinh 1 nhu

sau:
€1
e = [62 =R,(q¢-—q)
€3
‘- x (14)
=R, |r—Y
6,—-86
Véi R, 1a ma tran xoay quanh truc z:
é; X, — X
Ge = [éz =R, 3:/T_3:]
€3 6,—06
v, cos(6, — 0
» cos(6, — 6) (1)

=R, |v, sin(6, — 0)
Wy — W
v, + vcos(es) + we,
v, sin(e;) — wey
Wy — W

Tir viée tham khao Hién va ctv. (2024) dé 6n
dinh hé thong, ta datV, = f(q., vy, k), trong do:

(16)

c

_ v, cos(es) + kie; ]
" o, + kyvee, + ksv,sin (e3)

V, duge xét theo tiéu chudn 6n dinh Lyapunov:
Ta chon mot ham duong xéc dinh (positive definite
function) nhu sau:

1 1 —cos(e
V=—(e12+ezz)+—( 3) (17)
Tur phuong trinh (15) va (17), ta co:
V = (v, + vcos(es) + wey)e;
+ (v, sin(es3)
— wey)e, (18)
(w, — w)sin(e3)
ka
Tu phuong trinh (16) va (18), ta co:
i ksv, sin(e;)?
V=—ke?— “—(3) (19)
k,
Voi k= [kl kz k3], kl' kz, k3 >0 va

ey, e,, e3 tién t6i 0 khi t khi t6i tién t6i vo cuc.
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2.2.2. Thiét ké b¢ diéu khién DSC cho robot di
dong c6 banh xe (WMR)Sai so vdn toc
diéu khién:

e®=[2]=v®-v®) o

Vimd hinh diéu khién trwot cho robot di dong la
mot hé vi phan bac nhat, nén chung t6i chon kiéu
truot PI cho mat trugt nhu sau:

t
5@ =[]z e+ [ ecwaw €D
2 0
V6i B 1a tham s tich phan cia mit truot, trong
do g > 0.
Khi S(t) =0, e.(t) = =B [ e.(1)d(7) tiém

can vé 0 khi t tién toi vo cung.

Tu phuong trinh (13) va (21), ta c6:

S = (b - Ex®) - pec®) 2

Vi vay, luat diéu khién trong dwong c6 thé dugc
viét nhu sau:

Teq(®) = ETH(V.(D)+Pe,) (23)
Va luat chuyén mach biéu dién nhu sau:
Tsw(t) = k.sgn(S;) (24)

Véi k= [IB'Z ]? ] la tham sé chuyén mach,
b
_ Sgn(Sl)] sk .
sgn(S;) = [sgn (S,) la ham dau (sign function).

Phuong trinh (13) véi nhiéu va tac dong bén
ngoai co6 thé dugc viét lai nhu sau:

v = E.7(t) + ds(t)
v =E.7(t) + AE. t(t) + d(t)

Trong d6, AE biéu thi cac bat dinh
(uncertainties), E1d m6 hinh dong hoc 1y twéng, va
ds(t) 1a vecto nhiéu loan bén ngoai (external
disturbance vector). Goi § 1a vecto nhiéu loan bén
ngoai:

(25)

5= [gl Eg] =AET(t) +dy(t)  (26)
2
Tur phuong trinh (25) va (26), ta co:
v=E.1(t) + 5(t) 27
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Bo diéu khiép cho robot di dong cd banh xe
(WMR) duoc thiét ké nhu sau:

() = Teq () + o (D)
= EM(V.(t)+Pe.
+ k. sgn(Si))

(28)

Dé giam hién tugng chattering, ham bio hoa
duoc su dung nhu sau:

Set velocity
Reference Velocity of
velocity controller
(16)

Tdp 62, S6 24 (2026): 42-52

sgn(8), 181 >&e>0

sat(S;) = { ﬂ’ 5. < e , 29)
&
i=1,2

Trong d06, € la tham sé‘ bdo hoa. Bo didu khién
truot dong luc hoc dugc bieu dién nhu sau:

T(t) = Teq(t) + Ts (8)

=EY(V.(t)+Be.  (30)
+ k.sat(S;))
Dynamic model
DSMC tau : v Jacobean
(31 of ('\’1\/’21\)4R matrix

q

/

Hinh 2. So d6 diéu khién DSMC-Backstepping cho robot di dong c6 banh xe (WMR)

So d diéu khién tong thé cuahé thdng WMR st
dung phuong phap DSMC ket hop Backstepping
bao gom cac khoi chire nang chinh sau:

Khéi tao tin hiéu tham chiéu (Reference
Generator) gitp tao ra cac tin hiéu mong mubn gdom
toa d6 goc dinh hudng , van tdc tinh tién va van tde
goc theo thoi gian. Pay 1a dau vao dé so sanh voi
trang thai thuc té cua robot nham tinh toan sai sb.

Khdi bd diéu khién van tdc (Velocity Controller)
¢6 vai tro giup bién dbi dau ra cua bd diéu khién
thanh véan tdc banh xe thyuc té dé didu khién phﬁn
ctrng hodac mo phong robot.

Khéi DSMC (Dynamic Sliding Mode
Controller) 1a khdi diéu khién chinh, trong d6 mit
trugt dugc thiét ké véi thanh phan tich phan dé cai
thién kha nang chong nhidu va bu trir sai s6 6n dinh
hon. Ham bao hoa duge s dung thay vi ham dau
hiéu dé giam hién twong rung (chattering).

Khdi Backstepping c6 vai trd hd trg khdi DSMC
bang cach xay dyng luat diéu khién tir ddu ra dén
déu vao thong qua viéc thiét ké ham Lyapunov timg
budc, dam bao 6n dinh toan cuc va nang cao do
chinh xac cho hé théng phi tuyén nhu WMR.
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_ Khoi tong hop tin hi¢u diéu khién gitp két hop
ket qua tir DSMC va Backstepping dé tao ra tin hiéu
dicu khién cuoi cung dua vao mo hinh dong lyc hoc.

Khéi mé hinh robot WMR (WMR Dynamics) 1a
khdi mo phong hé dong luc hoc thuc té ciia robot
voi déy du cac yéu t6 nhu luc quan tinh, Coriolis,
ma sat va nhiéu tic dong. DAy 1a noi 4p dung tin higu
diéu khién dé mo6 phong chuyén dong thuc té cia
robot.

3. KET QUA VA THAO LUAN

3.1. Théng sb ciia robot di dong c6 banh xe
(WMR)

Thong s6 cua robot di dong ¢6 banh xe (WMR)
Dé danh gia kha ning dap ing cuia phuong phap dé
xuét, mot mo hinh robot di dong vi sai hai banh duogc
sir dung trong moi truong md phong. Cac tham sb
chinh cua robot, bao gdm khdi lugng, mo-men quan
tinh, khoang cach hinh hoc gitra hai banh xe va ban
kinh banh, dugc trinh bay trong Bang 1. Cac thong
s6 nay 1a co s& dé xdy dung mo hinh mé phong va
danh gia hiéu qua cua bo diéu khién.
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Bing 1. Thong s6 md phéng ciia robot di djng c6

banh xe (WMR)
Ki hiéu Chii thich Gia tri
m Khéi lvong cia WMR 4 kg
Mo6-men quan tinh ctua 2
I WMR 2,5kgm
R Nura khqang cach gitra 0.15 m
hai banh xe
r Ban kinh banh xe 0,03 m

Trong nghién ctru nay, ba dang quy dao gdm quy
dao tron, quy dao elip va quy dao hinh chir nhat
dugc lya chon dé kiém tra kha nang bam quy dao
ctia robot. Viéc lya chon ba dang quy dao nay nham
danh gia bo diéu khién trong cac tinh hudng c6 dic
diém hinh hoc khéc nhau. Quy dao tron dai dién cho
chuyén dong c6 do cong khong dbi, phit hop dé danh
gia tinh 6n dinh va 46 muot cta dap img diéu khién.
Quy dao elip co do cong thay ddi lién tuc, cho phép
danh gia kha nang thich nghi ctia bo diéu khién trong
qua trinh robot chuyén dong theo quy dao cong phirc
tap hon. Trong khi d6, quy dao hinh chir nhét bao
goém cac doan thing két hop vdi cac goc chuyén
hudéng dot ngdt, do d6 thich hop dé kiém tra kha
ning phan tng nhanh va duy tri 6n dinh cta hé théng
khi robot phai thay d6i huéng chuyén dong.

Mo phong quy dao cuia robot di dong bao gom:

e Quy dao tron: Toa dd cta tdm vong tron
B(0, 50) vaR = 50 m.

a) Mo phong bam quy dao

Tdp 62, S6 24 (2026): 42-52

e Quy dao elip: Toa do cia tam elip C(-50,0),
2 yZ
50

X
252

e Quy dao hinh chi nhat: chiéu dai 20 m va
chiéu rong 15 m.

Chon vi tri ban ddu cua robot di dong nhu sau:
g=[0 0 o]

Duya trén diéu khién backstepping (Zidani et al.,
2015). Ta chon thong s6 WMR theo Bang 1 va cac
tham so diéu khién v&i: k=10 5 4]. Vén toc

diéu khién: V. = [:):] - [8?

3.2. Phén hoi ciia by diéu khién trong diéu
kién khéng c6 nhiéu

Hinh 3, Hinh 4 va Hinh 5 trinh bay két qua mo
phong bam quy dao ctia robot trong diéu kién khong
¢6 nhidu. Cac két qua cho thdy bo diéu khién
DSMC-backstepping c6 kha nang dan robot bam sat
quy dao tham chiéu véi sai s6 nho va dap ung 6n
dinh. Di voi quy dao tron (Hinh 3), robot di chuyén
tuong d6i muot ma va nhanh chong hdi tu vé quy
dao mong mudn. Dao dong cua céc tin hiéu diéu
khién va sai s6 bam quy dao 1a nho, cho thay hé
thdng c¢6 kha niang duy tri on dinh tot dbi voi dang
quy dao c6 do cong khong ddi. Bdi voi quy dao elip
(Hinh 4), do d6 cong cua quy dao thay doi lién tuc,
vén tdc tuyén tinh va vén tde gbc cta robot dao dong
nhidu hon so véi truong hop quy dao tron. Tuy
nhién, cac dao dong nay chii yéu xuit hién & giai
doan ddu, sau d6 giam dan khi hé thong dat trang
thai 6n dinh.

b) Sai sé céc tham sb

100 - ;‘ | —Vin téc di |
e |
0 =0 i ! i 1
0.15 i 1 ; '
i Vin tdoc goc
g B E
é- 40 0O I I I 1
—Qu¥ dao tham chiéu 0.2+ I | I —Sai so theo phuong x|
20 Quy daoWMR @ O Sai s6 theo phuong v
0‘2 L L L
0 g ! | ' ‘ i ‘ T
] £ ' ‘ ' ‘ | '
>0 Tt_)aod(f) X 50 0 10 20 30 40 50 60

Théi gian(s)

Hinh 3. Két qua mé phéng bam quy dao tron trong diéu kién khong c6 nhiéu

Ghi chu: (a) Quy dao bam cua robot, (b) Sai $6 bam quy dao
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Sai sb bam van duoc duy tri ¢ muc thip trong
sudt qua trinh chuyén dong. Pbi v6i quy dao hinh
chit nhat (Hinh 5), dao dong cuia hé thong thé hién
18 hon tai cac vi tri goc cua, noi robot phai thay doi
huong chuyén dong mot cach dot ngot. Diéu nay dan
dén sy gia ting tam thoi ctia van tdc goc va sai s6 vi
tri tai cac thoi diém chuyén hudng. Tuy véy, bo diéu
khién van giup robot nhanh chéng quay trd lai quy
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dao tham chiéu sau mdi 1an d6i huéng. Nhin chung,
trong diéu kién khong c6 nhidu, bo diéu khién
DSMC-backstepping cho thiy kha ning bam quy
dao tt d6i v6i ca ba dang quy dao khao sat. Sai s0
giam dan theo thoi gian, hé thong duy tri dugc tinh
6n dinh trong subt qué trinh chuyén dong, dong thoi
thé hién kha nang thich nghi phu hop véi cac dang
quy dao co dac diém hinh hoc khac nhau.

a) M6 phong bam quy dao b) Sai s6 cdc tham s6
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60 2 5 fu — ~
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:;;‘ 6 PP . |
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= -20 —_ gj Sai sb theo phuong x |
40 é 6 I S e Sai 50 theo phuong y
60 ==Quy dao tham chiéu | -0.2
| —Ql.lj? dao WMRI e []} [ Sai 50 goc |
(=]
£ -1 - . : : - .
-100 -50 0 = T 10 20 30 40 50 60
Toado X Théi gian(s)
Hinh 4. Két quaz mé phong bam quy dao elip trong diéu kién khong cé nhiéu
Ghi chii: (a) Qui dao bam ciia robot, (b) Sai s6 bam quy dao
a) Mo phong bam qu¥y dao b) Sai s6 cac tham sb
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Hinh 5. Két qua mé phéng bam quy dao hinh chir nhat trong diéu kién khéong c6 nhiéu

Ghi chii: (a) Qui dao bam ciia robot, (b) Sai s6 bam quy dao

3.3. Phan hdi ciia b diéu khién Kkhi c6 nhiéu
bén ngoai

Tin hiéu nhiéu ngdu nhién tic dong lén hé théng

duoc thé hién trong Hinh 6. Khi cé nhieu bén ngoai,
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sai s6 bam quy dao ting 1én so véi truong hop khong
¢6 nhiéu, dic biét trong giai doan dau khi bo diéu
khién chua hoi tu hoan toan. Tuy nhién, hé thong
van duy tri duge kha ning theo ddi quy dao va nhanh
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chong tién t6i trang thai 6n dinh. Két qua mo phong
trong diéu kién c¢6 nhiéu duoc trinh bay & Hinh 7,
Hinh 8 va Hinh 9 tuong Gng véi ba dang quy dao
tron, elip va hinh chit nhat. Cac két qua cho thiy,
mic du nhidu gy ra dao dong nhét dinh trong van
toc tuyén tinh, van téc goc va sai sé bam, cac dai
lugng ndy van hoi tu ve vung gid tri 6on dinh sau mot
khoang thoi gian ngan Déi voi quy dao tron (Hinh
7), robot van bam tét quy dao tham chiéu mic du
xuét hién dao dong nho do tac dong cua nhiéu. Sai
s6 vi tri va sai s6 goc giam nhanh theo thoi gian, cho
thiy b diéu khién c6 kha ning chdng nhiéu hiéu
qua ddi v6i dang quy dao nay. Dbi véi quy dao elip
(Hinh 8), do dac diém thay ddi lién tuc cua do cong,
c4c tin hiéu didu khién dao dong rd hon so v6i quy
dao tron. Tuy nhién, hé théng van duy tri dugc do
6n dinh va sai s6 bam quy dao duoc khéng ché trong
gidi han nho sau giai doan qua d6. Di v6i quy dao
hinh chir nhat (Hinh 9), anh huéng ciia nhidu két hop
v6i su thay d6i huéng dot ngot tai cac goc cua lam
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xuét hién cac dinh dao dong rd rét hon trong tin hié¢u
diéu khién va sai s6 bam.

Mot diém dang chu y 13 toan bo hé théng déu dat
dugc trang thai 6n dinh trong thoi gian ngin, chi sau
khoang 0,5 dén 1 gidy dau tién. Trong md phong véi
quy dao hinh tron, van toc dai ting vot 1én gia tri on
dinh gan nhu tre thi, khong c6 dao dong hay vot 16
dang ke Vién toc goc cing nhanh chéng dat dugc
mirc 6n dinh nho. Sai s0 vi tri va sai s6 goc déu giam
nhanh vé gan 0, ching t6 hé thong diéu khién c6 sai
s bam nho (< 0,02 m) va thoi gian xac 1ap ngan
dudi 1 s. Tuong tu, v6i quy dao hinh elip, mac du
van toc dai dao dong diéu hoa (do dac tinh quy dao),
nhung cédc thong so didu khién chinh nhu van téc
goc va sai s6 déu On dinh chi trong vong chua t6i 1
gidy. Khong cé diu hiéu vot 18, sai sb cling duogc
khéng ché ¢ muc rt thip xuyén sudt qua trinh
chuyén dong.

1
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Hinh 7. Két qua md phéng bam quy dao tron trong diéu kién c6 nhiéu

Ghi chii: (a) Qui dao bam ciia robot, (b) Sai s6 bam quy dao

49



Tap chi Khoa hoc Dai hoc Can Tho

a) M6 phoéng bam quy dao
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b) Sai 36 cac tham s6
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Hinh 8. Két qua mé phéng bam quy dao elip trong diéu kién ¢6 nhiéu
Ghi chit: (a) Quy dao bam ciia robot, (b) Sai s6 bam quy dao
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Hinh 9. Két qua mé phéng bam quy dao hinh chir nhit trong diéu kién c6 nhiéu

Ghi chii: (a) Qui dao bam ciia robot, (b) Sai s6 bam quy dao

Viéc md phong voi quy dao hinh chir nhat cho
thiy cac xung ro rang tai thoi diém chuyén goc, phan
anh dung yéu cau diéu khién phai thay doi huong
dot ng6t. Du c6 nhimg bién thién l6n tai cac diém
1&, hé thong van quay lai trang thai 6 6n dinh cuc ky
nhanh chong sau moi lan chuyén goc. Pic biét, sai
s6 vi tri luén duy tri dudi mirc £0,02 va sai s6 goc
gan nhu bang 0 cho thiy hé thong diéu khién c6 do
chinh xéc rit cao.

Tong thé, by diéu khién van bao ddm robot

nhanh chéng quay lai quy dao mong mubn sau mdi
lan chuyén hudng, cho thiy tinh bén ving cia
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phuong phap dé xuat. Tong thé, cac két qua mo
phong cho thiy bd diéu khién DSMC-backstepping
c6 kha nang giam anh huong cua nhiéu bén ngoai va
duy tri tinh 6n dinh cho hé thong. Sai sb bam quy
dao dugc giit & mirc thap, thoi gian xac 1ap ngin va
hién tuong rung dwoc han ché. Piéu nay cho thiy
phuong phép diéu khién dé xuat c6 tiém ning img
dung ddi véi cac hé robot di dong lam viéc trong moi
trudng 6 nhiéu va bét dinh.
3.4. So sanh véi cac nghién ciru khac

Bang 2 trinh bay su so sanh gitra phuong phap
dé xuat va mot s6 nghién ciru trude day. Két qua cho
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théy phuong phap PID trong Thai et al. (2022) cho
dap tmg tuong ddi tot, tuy nhién thoi gian ting va
thoi gian x4c 14p van con 16n, lan luot khoang 2,1 s
va 3,7 s, v6i sai s6 xéc 1ap khoang 0,07 m. Trong
nghién cuu cia Do et al (2014), bo diéu khién
Fuzzy-PID gitp cai thién toc do dap Ung va giam sai
s0 so v6i PID truyén thong, nhung van xuét hién do
vot 16 khoang 3,5% va kha ning chdng nhidu chua
dugc danh gia siu. DI véi phuong phap
backstepping ctia Zidani et al. (2015), hé thong dat
dugc kha ning bam quy dao 6n dinh, nhung thoi
gian xéc 1ap van con vao khoang 4 s va chua xir ly
day du anh hudng cua nhiéu ciing nhu cac bat dinh
cua mo hinh. So véi cac phuong phap néu trén, bd

Bang 2. So sanh véi cac nghién ciru khac
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diéu khién DSMC-backstepping trong nghién ciru
nay Kkét hop vu diém cua diéu khién truot dong luc
hoc va k¥ thuat backstepping nhim nang cao do
chinh x4c bam quy dao, ting kha ning chéng nhiéu
va giam hién tuong rung. Két qua mé phong cho
thiy phuong phap d& xuét dat thoi gian ting va thoi
gian xac 1ap dudi 1 s, sai s6 xéc 1ap nho hon 0,02 m
va hau nhu khong xuét hién do vot 15. Ngoai ra, hé
théng van duy tri dugc tinh on dinh khi chiju tac dong
ctia nhidu ngﬁu nhién tir bén ngoai. Nhing két qua
nay cho thay phuong phap dé xuét co hiéu qua cao
va la mot huéng tiép can phui hgp cho bai toan diéu
khién bam quy dao robot di dong trong diéu kién
lam viéc thyc té.

Tiéu chi ddnh gis LD (Thaietal

Fuzzy-PID (Do

Backstepping Nghién ciru ciia

2022) Tiep et al. 2014) (Zidani et al., 2015) nhom
Thoi gian tang (s) ~2,1 ~1,8 =2 <1
Thoi gian xac lap (s) ~3,7 ~29 ~4 <1
Sai s0 xdc 1ap (m) ~0,07 ~ 0,05 <0,1 <0,02
B0 votld (Overshoot) ~58 ~35 Khéng dé cdp  Hau nhu khéng cb

(%)

4. KET LUAN

Nghién ctru nay da trinh bay mot phuong phap
diéu khién bam quy dao cho robot di dong c6 banh
xe trong diéu kién co xét dén nhiéu tir bén ngoai. Bo
diéu khién DSMC- backstepping dugc xay dung trén
co s6 két hop giita diéu khién truot dong luc hoc va
ky thuét backstepping nhdam nang cao do chinh xac
bam quy dao, cai thién tinh 6n dinh va ting kha ning
chéng nhiéu ctia hé thong.

B6 diéu khién dwoc kiém ching thong qua mod
phong vai ba loai quy dao dién hinh: hinh tron, hinh
elip va hinh chit nhat, trong diéu kién c6 nhidu. Két
qua mo phong cho thiy hé thdng dat hiéu sut cao
v6i thoi gian dap timg nhanh, sai s6 bam duy tri dudi
+0,02 m, gﬁn nhu khong c6 do vot 16 va dao dong
diéu khién thap. Ngay ca khi c6 nhidu ngiu nhién
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