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Tém tit:

Bai bdo trinh bay mdt phuong phéap diéu khién bdm qui dao cho xe tu hanh dua trén kj thuét
backstepping, k¥ thuét truot tdng két hgp chinh dinh md. Thuét todn diéu khién dam bao hé kin 6n
dinh Lyapunov, chat lugng diéu khién bam van chinh xac trong diéu kién xem xét dén cac yéu t6
nhiéu ngodi tadc dong va thanh phan bat dinh clla mo hinh. Cac k&t qua mé phdng trén Mallab
simulink cho thdy tinh ding dén va kha nang ('ng dung trong thuc t& cla giai thuat dugc dé xuét.

T khoa:
Xe tu’ hanh, diéu khién trugt tang, backstepping, diéu khién ma.

Abstract:

This paper proposes a trajectory tracking control algorithm for a wheel mobile robot, which
incorporates backstepping control routines and fuzzy hierarchical sliding mode. The proposed
controller guarantees the closed-loop stability and the position tracking errors converge to zero,
under the conditions that the system uncertainties, input disturbances. Numerical simulation results
show the effective-ness and the capability for practical applications of the proposed control method.

Keywords:

Wheel mobile robot (WMR), hierarchical sliding mode control (HSMC), backstepping technique, fuzzy
controll.

1. GIOI THIEU CHUNG

Ngay nay, cac hé robot di dong xuét hién
ngay cang phd bién trong cac linh vuc
nhu nganh cong nghiép van chuyén, dich
vu, y t&, quan su... Phan loai robot di dong
theo phuong thirc di chuyén c6: robot di
chuyén bang chan, di chuyén bang banh,
di chuyén bang bang xich. Trong d6 robot
di dong di chuyén bing banh (Wheel

Mobile Robots- WMR) 1a don gian hon
trong viéc thiét ké thi cong va diéu khién,
phu hop véi cac ung dung di chuyén trén
dia hinh bang phiang. WMR c6 dic diém
thiéu co cau chip hanh, goc huéng cua xe
khong ¢ co cdu chap hanh dé can thiép
truc tiép, 1a d6i twong phi tuyén co diéu
kién rang buoc nonholonomic [1], [2]. Do
d6 viéc diéu khién WMR la mot bai toan
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kho, thu hat dwoc nhiéu sy quan tam cua
cac nha khoa hoc trong nugc va trén thé
gioi.

Dbi vai cac hé thiéu co cdu chip hanh noéi
chung va WMR noi riéng, cac phuong
phap diéu khién hién dai da duoc nghién
ctru tng dung nhu 1a diéu khién trén nén
thich nghi [3]-[7], diéu khién truot, truot
tang [8]-[10], két hop véi diéu khién mo
[11]. Trong [5]-[9], cac tac gia thiét ké
cdu trac diéu khién cho xe ty hanh su
dung hai mach vong, moét mach vong diéu
khién dong hoc va mot mach vong diéu
khién dong luc hoc.

Trong bai bao nay, tac gia dé& xuit ciu
trdc mot mach vong, sir dung bo diéu
khién truot tang dé diéu khién xe bam vi
tri. Pay 1a phuong phap thiét ké phi hop
cho céac hé thiéu co cau chap hanh, dua
trén nguyén 1y diéu khién truot xép chng
lan luot cac mit truot dé xac dinh dwoc
tin hiéu diéu khién & budc cudi cung dam
bao 6n dinh theo ham Lyapunov. Dé xuét
thém ky thuat Backstepping thiét ké diéu
khién bam goc huéng cho xe. Thuat toan
md phong thr nghiém co xem xét dén
diéu kién 1am viéc chiu anh huong boi cac
yéu t6 ngoai canh nhu tham sé bat dinh,
ngoai luc tir moi truong tac dong 1én hé.

2. MO HINH XE T HANH

Xe tu hanh cd hai banh chu dong phia sau
va mot banh lai bi dong phia trudc nhu
Hinh 1. Toa d6 OXY la hé toa d¢ ¢ dinh
va MX’Y” 1 hé toa do cuc bo gin trén xe,
khi d6 (x,y) la toa do cua trong tdm xe
trong hé toa d6 cb dinh. Géc 0 1a goc
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quay cua truc X’ so vai truc X, la goc
hudng cua xe. Nhu vay, vi tri cia xe dugc

T

xac dinh béi vector toa do g =[x y 6]

Y
F 9
'
Y o
J]' _______
0 x X

Hinh 1. M6 hinh xe tw hanh ba banh

Trong hinh 1 ta goi r & ban kinh cua banh
xe va b la mét nira caa khoang céch gita
2 banh dang sau cua xe. Khi xe di chuyén
s& thuc hién chuyén dong tinh tién va
chuyén dong quay, phu thudc vao toc do
goc cua hai dong co ndi hai banh sau. Goi
v1a van téc tinh tién va « 1a van téc quay
tai diém M, thi:

V:r(¢R+¢L);w:r(¢R_¢L) (1)

2 2b
Céc bién ¢y, ¢, 1a van téc goc cua dong co

banh xe phai va trai. Khi d6, chuyén dong

cia xe dugc md ti bang phuong trinh

dong hoc:
X =vcosd
y=vsiné

0=0w

)

Gia thiét gia tri toc do bi chan: [V[<V,,,,

|09 < @ 3 VST Vi 0, 12 QA tri the 0

I6n nhat. Khi xe chuyén dong lin khéng
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truot thi diéu kién rang budc
nonholonomic:
xsind — ycosd =0 (3)

Xe tu hanh di chuyén trén mat san ngang,
trong tdm xe trung vai trong tdm hinh
hoc, mé hinh dong hoc dugc xac dinh dua
trén céng thuc Lagrange [1]:

d|oL| oL =

—|—=|-=—=F-=>) Aa, 4
dt[aq] TR “
Trong d6 L=w,-W, la ham

Lagrangian, bang hiéu gitra dong ning va
thé nang cuia hé thong.

A la vecto luc rang budc Lagrange; F la
lyc tac dong vao hé thng.

Ham Lagrange:
L=W, —W, zg(x2+y2)+%9‘2 (5)
Tinh c&c dao ham va thay vao phuong

trinh (4) ta c6 phuong trinh dong luc hoc
cua xe [1]:

mX—)\sinH—l T +7, C0s6 =0
r
. 1 .
my-|-)\cos¢9—F Ta +7, SINO=0 (6)
J@.—B 7o —7, =0
r

Trong do:

Tp, 7, . momen cua dong co banh phai,
banh trai. He sb luc rang budc Lagrange
A =-mé(xcosO+ ysind) . Céac thdong sd
m, J lan luot 1a khéi lwong va momen
quan tinh trong (ng cua xe.

Bang cach dat: b =1/(rm), b, =b/(rJ)

LIl =7z +7., U2 =T — 7T,

Mo hinh dong hoc (6) duoc viét lai:

X :isin9+ b.u, cosé
m

yz—%cose+blulsin9 @)

6=h,u,

Goi g, la quy dao mong muén, dinh nghia
mot vector sai s6 quy dao e:

e, X—X,
e=q-g,=le |=|y-V, 8
e, 6-6,

Muc tiéu thiét ké bo diéu khién bam quy
dao 12 vector sai s6 quy dao e tién nhanh
vé khong.

3. THIET KE BQ DIEU KHIEN

M6 hinh WMR (7) s€ chia thanh hai hé
con. Mot hé con chi phu thudc vao tin
hiéu diéu khién u; va mot hé con phu
thudc vao tin hiéu diéu khién u,. Bo diéu
khién bam qui dao cho WMR tuong tng
gom hai thanh phan: bo diéu khién mo
truot tang cho tin hi¢u diéu khién u, va bo
diéu khién backstepping dé tong hop tin
hiéu diéu khién us.

3.1. Téng hop bd diéu khién mo trwot
tang

Piéu khién truot tang (HSMC) ung dung
cho ddi twong cd thé phan chia thanh cac
hé con, sau d6 dinh nghia mat trugt cho
tung hé con. Tur cac mat trugt con s téng
hop 1én mat truot chung cho ca hé, va tu
d6 tim ra luat diéu khién. Luoc d6 ky
thuat truot ting dugc md ta nhu trong
hinh 2. Cac buéc tong hop bd diéu khién
truot tang cho xe theo hudng chuyén dong

46

S6 31



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC PIEN LUC

X va Y tién hanh nhu phan trinh bay dudi
day.

Tu phuong trinh (7), ta xét riéng mo hinh
cua hé theo tin hiéu u,:

X =isin9+b1ul cosd
" 9)

y =—%cose+blulsim9

Pat bién trang théi: x=[x x, % x|
VO X =X, X, =X, % =Y, X, =Y
Hé (9) bién d6i sang mo hinh trang thai:
X =X
X, = f1(5) +0, (X)ul
X3 =X,
X, = f,(X)+ 9, (X)u,

Trong do:

(10)

f,(x) = isin 0, f,(x)= —icose
m m

9,(x) =D, cosé,g,(x) =b,sing

Bang cach dat e =e, va e=e,

e, =6,e, =6,chuyén phuong trinh (10)
vé phuong trinh trang théi theo sai léch:

é =e,
éz = fl(l) + gl(l)ul - X (11)
é,=¢,
€, = fz (5) + gz(ﬁ)ul -V,
Budc 1: Xét hé con tha nhat:;
3 =e
{‘“71 ; ) (12)
€= f1 (5) + gl(é)ul —X
Dinh nghia mat truot:
Sl =Ce +6 (13)
Chon ham Lyapunov thanh vién:
1
Vi = E S12 (14)
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Dbao ham Vv, theo thoi gian:
vll = Slsl (15)
Dé V,, thoa man la ham Lyapunov thi don
gian c6 thé chon S, bang —kS, —7,50nS,,
cac hang sb ¢k, >0. Khi do:

V,, =—k,S? —1,S,59nS, (16)
Pao ham 2 vé cong thic (13):
S,=cgé +6& =ce,+f +gu —%
=—kS, —7,50nS, a7
Tin hiéu diéu khién la:
Uy, = —C& —f kS +msgnS, —X (18)
9 9
Budc 2: Xét hé con thir hai:
{‘?3 :e“ ] (19)
e, = f,(X)+g,(X)u, -y,
Dinh nghia thém mat truot bac hai:
S, =A4S,+/5,,5, =C,e;, +€, (20)

Chon ham Lyapunov cho ham thanh vién
thur 2:
1

V, = E522 (21)
bao ham Vv,, theo thoi gian:
v12 = stz (22)

Tuong tu nhu & budc 1, chon tin hiéu
diéu khién dé

Sz =—k,S, =1, 80nS, (23)
:>v12 =—k,S; —1,5,59n$S, (24)
Trong d6 cic hang s c,,k,,7, 1a x4c dinh
duong.

Pao ham 2 vé cong thic (20):

S, =4S + 5, (25)

Thay cong thac (17), (19) vao (25), bién
d6i va rit ra dugc tin hiéu diéu khién u, :
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u =

_/11( f1(5) +C6E, — 5<r) _ﬂl(fZ(Z) +C.6, — yr) + S.2
49:(X)+ ,9,(X)

(26)
Dé giam hién tuong chattering ¢ tan sé
cao, ham dau sgn trong biéu thic cua s,
trong (23) s& dugc thay thé bing ham sat:

sgn(s,),[S,|>1

27
S, s,|=1 (@7)

sat(S,) :{

Nhu vay, véi tin hiéu diéu khién xac dinh
trong (26) thi hé c6 ham Lyapunov V,,
x4c dinh duong, V,, xac dinh &m & cong
thiec (24), dam bao cho hé (9) 6n dinh
tiém can.
i
[ ]
T S1 T S2
[ ] ]
Tel Tez Teg (7

Hinh 2. Minh hoa lwgrc dd ky thuat trwot tang

Tham s6 mit trugt c,,c,trong luat diéu
khién (26) s& anh huong dén chat luong
bo diéu khién truot. Viéc xac dinh duoc
tham s6 bo diéu khién phi hop la quan
trong, thay vi do tim thi bai béo dé xuét
st dung thém mot bo diéu khién mo theo
md hinh Sugeno dé chinh dinh tham s
c,,C,. Bién ngdn ngit dau vao e, € va
e,.6, dugc chon gom 3 tap md tam giac

tén lan luot —1, 0, 1. Bién dau ra la hing
s6 duoc dat tén —2, -1, 0, 1, 2. Xay dung
hé luat suy dién cho bo chinh mo nhu
trong bang 1. So d6 cau tric hé diéu khién
thé hién trong hinh 3.

Bang 1. Luat suy dién bé chinh dinh m&

ex(ey)
c1(cz)
-1 0 1
1 0 -1 -2
édéy) | 0 1 0 1
-1 2 1 0
1.1, X,.V}x;yh
WMR 6.6
P 6.8
fx=l(i'll+i'lz) iLuﬁtdléukluén e
L 2 goc hrdng 8
1 * x. Y,
7 =§(u1—uz) ‘—L N i
Ludtdidu khién T
Xitdx,y -
€:€2°_| B chinh
dinh m&

Hinh 3. C4u trac diéu khién me trwot ting
backstepping

3.2. Téng hop bd diéu khién goc
hwéng sie dung ky thuat backstepping

Thiét ké bo diéu khién backstepping cho

goc huong bam tin hiéu dat dua trén mé
hinh:

6=hbyu, (28)
Pit bién trang thai méi:

2,=e,2,=60-6, (29)
z,=0+a, (30)
Ham Lyapunov cho (29):

v, =%zf (31)

Chon tin hiéu diéu khién a0 o, =1z, -6,
thi:

V, =-z°+27, (32)
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DPao ham hai vé phuong trinh (30) theo
thoi gian:

2,=0+aq, (33)
Thay (28) vao (33):

z,=bu, +¢ (34)
Ham Lyapunov cho hé (34):

V, =V, + % Z22 (35)

Tinh dao ham V,va két hop vai (32),
(34):
V, =V, +2,2, =2 + 2,2, + 2,2,

=1z +27,(z, +bu, + &)

Lwa chon tin hiéu diéu khién:

u, = —i(z1 +1,z, + &) (36)
b,

Trong d6 1, >0, khi do:

V,=—1z°-1,2,> <0 (37)

Véi cac hang s6 I, >0,i=1,2, dam bao
cho hé 6n dinh Lyapunov, géc 6 lubn
bam theo gia tri date, .

3.3. Phan tich tinh én dinh cta hé kin
Chon ham Lyapunov cho hé kin:
1

v :5522 +%zf+%222 =V, +V, (38)
Pao ham V theo thoi gian:

V=V, +V, (39)
Theo cbng thac (24) thi:

V,, =S,S, =—k,S7 —1,S,59n(S, ) <0
Va theo cong thire (37) da co:
V,=-az’-a,z; <0
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Do vay:
V=V, +V,<0 (40)
Pidu d6 ching to hé kin 6n dinh
Lyapunov.

4. KET QUA MO PHONG

Tién hanh md phong trén phan mém
Matlab/Simulink dé kiém chiing hiéu qua
cua bo diéu khién. Chon cac thong sb caa
WMR nhu sau: r=0,025m; b=0,075 m;
m=1,08 kg; J =0,818 kg / m?

Bang 2. Chon céc tham sé b diéu khién

ﬂl ﬂl 772 kZ I1 |2

120 | 200 | 5 | 5|2 | 4
Xuat phat tr diém ban dau:
9 =[0410L7/9], quy dao dat

o8 =[Sin 0.125rt,c0s0.1257t 7/ 2— 0.12571t]T

Trén hinh 4 - 7 biéu dién céc két qua mo
phong thuat toan thiét ké véi hai truong
hop:

Bo diéu khién truot ting backstepping
(BHSMC).

B6 diéu khién mo truot ting backstepping
(AFBHSMC), st dung thém mot bo diéu
khién mo dé chinh dinh tham sé ¢,
trong cac mat truot.

Trong hinh 4 ta thay véi ca 2 bo diéu
khién BHSMC va AFBHSMC dap tng
quy dao cua xe déu cd chat luong bam tét.
Tuy nhién, khi st dung thém bd chinh
dinh mo (AFBHSMC) thi quy dao badm
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chinh x4c hon. Hinh 5 cho thy sai s6 quy
dao tién vé khong rit nhanh ¢ ca hai
phuong phap, sai sd toa do X, y V& gan
khong trong khoang thoi gian 4s, sai sb
goc hudng vé gan khdng chi mat 2 s. Thu
nghiém véi cac truong hop khi thay doi
thdng sb cua xe ( tang khdi lwong, momen
Ién gap 3 lan), hoic tac dong nhidu xung
thi chat lugng diéu khién gan nhu khong
bi anh huong.

1.5
1
0.5
’E“ Quy dao dat
= — =BHSMC
0r ——AFBHSMC
-0.5
-1 :
-1.5 -1 -0.5 0 0.5 1
x(m)

Hinh 4. BDap ng xe bam quy dao tron

etheta(rad)
(=1
(4]

0 10 20 30 40

Thei gian(s)
— 0.1Ff i b
E 7, ,\F —
==
2 o1k ‘ N i 4
0 10 20 30 40
Thei gian(s)
_. 04 j
E 02 \f
= 0
© o2b . . .
0 10 20 30 40
Thei gian(s)

— BHSMC
e A F BHSMC
Hinh 5. Béc tinh sai s6 vi tri

Khi tac dong nhiéu sin bién do 0.1, nhin
vao hinh 6, 7 ta thdy bo diéu khién
AFBHSMC van dap ting bam tét, bo diéu
khién BHSMC c6 sai sb theo truc y 1a
0.05m, sai sé theo truc x va sai s6 goc

huéng 1a gan bang khéng.

15
1,
05| " |=—Quy dao aat
— — =BHSMC
E 0 —— AFBHSMC
>
05
_1-
15 : : ‘ : -
15 1 05 0 05 1 15

x(m)

Hinh 6. Dap trng quy dao khi c6 nhiéu

etheta(rad)
&
tn

0 10 20 30 40
Theigian(s)

eylm)
© o
- =

=

0 10 20 30 40
Theigian(s)

ex(m)
& oo

NON &

0 10 20 30 40
=—BHSMC Theigian(s)
= AFBHSMC

Hinh 7. DPap trng sai s6 quy dao khi cé nhiéu

5. KET LUAN

Bai bao di dé xuat mot cau tric diéu
khién cho WMR, két hop ky thuat
backstepping, ky thuat truot tang va chinh
dinh mo dé téng hop bo diéu khién bam
qui dao. Bo diéu khién thiét ké don gian,
chi can mot mach vong diéu khién nhung
van dam bao tinh 6n dinh, loai bé duoc
anh huong cua cac thanh phan bat dinh.
Két qua moé phong chat luong diéu khién
cho thiy thuat toan cd kha ning &ng dung
thuc té.

50

S6 31



(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUONG DAI HOC PIEN LUC
(ISSN: 1859 - 4557)

TAI LIEU THAM KHAO

Klancar, Gregor, et al, "Wheeled Mobile Robotic," from fundamentals towards autonomous systems.
Butterworth-Heinemann, 2017.

Rubio, F., Valero, F., & Llopis-Albert, C. “A review of mobile robots: Concepts, methods, theoretical
framework, and applications”. International Journal of Advanced Robotic Systems, 16(2), 2019,
1729881419839596.

Huang, An-Chyau, Yung-Feng Chen, and Chen-Yu Kai. Adaptive control of underactuated
mechanical systems. World Scientific, 2015.

Kulkarni, A., and A. Kumar. "Terminal adaptive control for a class of uncertain underactuated
systems." Sadhana 44.9, 2019, pp. 1-11.

Yoo, S. J. "Adaptive tracking control for a class of wheeled mobile robots with unknown skidding
and slipping." IET control theory & applications 4.10, 2010, pp. 2109-2119.

Shu, Panfeng, Masahiro Oya, and Junjie Zhao. "A new adaptive tracking control scheme of wheeled
mobile robot without longitudinal velocity measurement." International Journal of Robust and
Nonlinear Control 28.5, 2018, pp. 1789-1807.

Koubaa, Yasmine, Mohamed Boukattaya, and Tarak Dammak. "Adaptive control of nonholonomic
wheeled mobile robot with unknown parameters." 2015 7th International Conference on Modelling,
Identification and Control (ICMIC). 1EEE, 2015.

Goswami, Niraj Kumar, and Prabin Kumar Padhy. "Sliding mode controller design for trajectory
tracking of a non-holonomic mobile robot with disturbance." Computers & Electrical Engineering 72,
2018, pp. 307-323.

Alipour, Khalil, Arsalan Babaei Robat, and Bahram Tarvirdizadeh. "Dynamics modeling and sliding
mode control of tractor-trailer wheeled mobile robots subject to wheels slip." Mechanism and
Machine Theory 138, 2019, pp. 16-37.

Sankaranarayanan, Velupillai, and Arun D. Mahindrakar. "Control of a class of underactuated
mechanical systems using sliding modes." IEEE transactions on robotics 25.2, 2009, pp. 459-467.

Hwang, Chih-Lyang, Chiang-Cheng Chiang, and Yao-Wei Yeh. "Adaptive fuzzy hierarchical sliding-
mode control for the trajectory tracking of uncertain underactuated nonlinear dynamic
systems." IEEE Transactions on Fuzzy Systems 22.2, 2013, pp. 286-299.

Gigi thiéu tac gia:

Tac gia Pham Thi Huong Sen t&t nghiép dai hoc nganh diéu khién tu’ ddng ndm 2004;
nhan bdng Thac si nganh diéu khién va tu ddéng hod ndm 2008, nhan bang Tién si
nganh diéu khién va tu déng hod ndm 2022 tai Pai hoc Bach khoa Ha Ndi.

Linh vuc nghién ctiu: ly thuyét diéu khién, diéu khién qué trinh cdng nghé, diéu khién
chuyén déng.

S6 31 51



