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Tom tat:
Bai bao trinh bay mét phuong phap diéu khién xe tu hanh bam qui dao bang cach st dung cdu trac hai
mach vong diéu khién phan héi vi tri va phan hoi téc do; mét ca cau udc lugng nhiéu mach vong dong
luc hoc. Phuong phap udc lugng nhiéu dua trén nguyén tac téi uu sai léch véi mé hinh mau. Cac két qua

mo phdng trén Matlab cho thay hé én dinh, chat lugng diéu khién bam tét, loai boé dugc dnh huéng cda
nhiéu dau vao va tham sé bat dinh mé hinh.

Tu khéa:
Xe tu hanh, bam quy dao, 6n dinh Lyapunov, udc lugng nhiéu dau vao.

Abstract:

This paper present the trajectory tracking problem of wheel mobile robot, the control system is separated
into two feedback loops, for both kinematic and dynamics, using a disturbance observer based on
time receding optimal. The proposed control schema is simulated by Matlab, the results show that the
system is stable and the quality is good, ability to cancel the effect of the input disturbances and system
uncertainties.
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Wheel mobile robot, Trajectory tracking, Lyapunov stability, input disturbances observer.

quan tam nghién ctru ctia nhiéu nha khoa hoc, cong

1. GIGI THIEU CHUNG

hé [1-3]. Mic khac, diéu kién lam viéc cta c4
Xe tir hanh (Wheel Mobile Robot -WMR) thuge &0 L1-31- Mdc khac, dicu kién lam vice cua cac

L o o . P xe tu hanh thuong chiu anh huéng 16m béi cac yéu
16p doi tugng phi tuyén, thi€u co cau chap hanh

td ngoai canh nhu tham s6 bét dinh, mo hinh kho

nonhonolomi(f. WR véi uu c:Iiém la c6 ket cau xéc dinh chinh xéc, didu kién lam viée thay déi,
don gian, chac chan, higu S}lét nang luong cao ngoai lyc tir mdi trudng tac dong. Khic phuc anh
dige ung dung ngdy cé}ng nhiey trong cdc finh vye hudng cta cic yéu t trén thong thuong cé6 mot s6
nhu: thiét bi van chuyén hang hoa trong nha may, gidi phap nhu thiét ké bo didu khién c6 s dung

cong xuong, xe do duong, tim kiém vat liéu chay
n6 hay trong méi truong doc hai, nguy hiém. Do
d6 bai toan thiét ké diéu khién cho céc xe tu hanh
dong vai tro quan trong trong viéc dam bao do tin
cdy va chinh xéc cho hé théng. Diéu khién xe tu

hanh bam quy dao dat 1a dé tai thu hut duoc sy

mang no ron dé xap xi cac yéu t bat dinh mé hinh,
diéu khién thich nghi [4-6]; sir dung bd wdc luong
nhi€u dé bu khi thiét ké bo diéu khién. Viéc thiét ké
thuat toan diéu khién ciing nhu co ciu udc luong
cang don gian, khbi luong tinh toan it thi cang dé
thuc thi va dua vao ung dung trong thuc té.
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Trong bai bao nay, tic gia da dé xuat mot co cdu
udce lugng co cAu trac don gian, tdc do woc luong
nhanh, hiéu qua khi hé c6 thanh phan bat dinh hodc
6 nhiéu tac dong vao h¢ théng. Bo diéu khién dam
bao chat lwong 6n dinh bén ving véi cac yéu tb
béat dinh va nhidu tac dong. B6 cuc bai bao chia
thanh cac phan: Phan dau la gidi thiéu chung, phan
2 trinh bay vé m6 hinh xe tw hanh. Phan 3 thiét ké
thuat toan diéu khién cho mach vong dong hoc,
dong luc hoc, thiét ké bo ude lugng nhidu. Tiép
theo 1a mo phong phan tich két qua va két luan.

2. MO HINH XE TU HANH

Hinh 1 minh hoa m6 hinh xe tu hanh ba banh véi
céc thong sd: r 1a ban kinh banh xe, b 1a mét nia
ctia khoang cach giita 2 banh sau cta xe. Xe gin
trén hé toa do ¢b dinh OXY, MXy la hé toa do cuc
bo dat trén than xe. Goc 0 1a goc quay cua truc X
so vai truc X, goi la goc hudng cua xe. Nhu vay, vi
tri cia xe duoc xac dinh bdi vector toa do

g=[x y 0].

0

Hinh 1. M6 hinh xe tuhanh ba banh

Goi v la van tdc tinh tién va @ 13 vén toc quay,
phuong trinh dong hoc ctua xe [11]:

cos@ 0
v
g=|sind 0{ }S(q)z (1)
9 o 9
0 1

Khi xe chuyén dong lan khong truot thi diéu kién

rang budc nonholonomic la:

xsin@ — ycos@ =0 (2)

Mo hinh dong lyc hoc cia WMR [11]:

m:ﬁ—/lsinﬁ—%(fa-i- Ti)cosf =0
mi + Acos _%(Z_H +7,)sind=0 (3)
Jé—%(fﬁ—h) =0
Trong d6: m, J lan luot 1a khéi lwong va md men
quén tinh tuong Gng cua xe.

Tg>T,: momen cua dong co banh phai,
banh trai. Hé s6 luc rang budc Lagrange
A= —mb(xicosf + ysinf). Biéu dién dudi dang

vector:

MG=E(q)_—A"(q) (4)

V&1 cac ma tran:

b -b

m 0 0 —siné
M={0 m O AT(Q)z cosd
0 0 J 0
cosf cosO| r=[r, 7,]
E(g)%{sin@ sinf |,

Dao ham 2 vé phuong trinh (1) ta cé:
G=S(q)v+S(q)v (5)
Thay (5) vao cong thite (4), nhan 2 vé véi S’ (9) :

S"(q)MS(q)v +S" (9)MS(q)vg
=S"(@E(@)T—S"(9) A"\

Do: ST(Q)MS(Q) = O;ST(Q)AT (¢9)=0, rat gon

(6) va dat: M= gl S],E=%i _; , ta duoc:
v=M"'ET (7)

Xe hoat dong trong méi trudng thyc té can tinh dén
cac yéu t bat dinh nhu thay ddi vé khéi luong, mo
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men; nhiéu ngodi tic dong do ma sat, sai léch md
hinh. Gia st 7, 1a tap hop thanh phan nhiéu va bét
dinh cia hé thi mo6 hinh dong luc hoc cua xe dugc
biéu dién nhu sau:

v=M E(r+1,) (8)

3. THIET KE BO PIEU KHIEN

Piéu khién xe ty hanh sir dung cAu trac hai mach
vong diéu khién: mach vong ngoai 1a dong hoc
diéu khién vi tri, mach vong dong luc hoc bén
trong diéu khién bam tdc d6. Tin hiéu diéu khién
cho timg mach vong diéu khién duoc thiét ké dé
dam bao tinh 6n dinh Lyapunov.

3.1. Mach vong dong hoc

Nhiém vu bo diéu khién mach vong ngoai la triét
ti€u sai léch vi tri, dua ra tin hiéu dat cho mach
vong diéu khién toc do bén trong. Phuong trinh sai
s6 quy dao [11]:

e cosf sinf Of x, —x
e, =|e |=|-sind cosd O|y.-y| (9)
e, 0 0 1)6-06

. T N ~ ~
Véi g, :[x,, », 9,] la toa do quy dao mong
mudn, va v,,0, la téc do mong mudn tuong tng.

Lay dao ham hai vé phuong trinh (9) va thyc hién
mot vai phép bién doi ta co:

L, cose, -1 e,

<

Thiét ké b diéu khién cho mach vong dong hoc

é =

,=| U.sine [+] 0

(10)

w 0

i3

dua trén ham diéu khién Lyapunov. Chon ham
Lyapunov xac dinh duong:

1 1—cose
Vza(elz +e§)+k—3

2

(11)
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Dao ham theo thoi gian ham V:

é,sine,

V=eé +ee, + (12)
2
Thay (10) vao (12):
V =e¢ (v, cose, —v +e,0)
sine, (13)

+e, (v, sine, —e,w) +

(0, — )

2

Chon tin hi¢u diéu khién v, ctia mach vong ngoai

nhu sau:
. +
o = vl_ 0, COS €3 k1€1. (14)
— @ CI)T+I€2UT€2 +]€3Ursm €3
Thay (14) vao cong thirc (13) ta thiy:
a2
V:_klelz_lgvrsm % <o (15)

2

Véi cac tham s k,,k,,k, 1a cac hang s6 duong thi
hé kin 6n dinh Lyapunov, céc bién sai léch vi tri
khi d6 s& hoi tu vé 0: lime, (¢)=0.

t—wo
3.2. Mach vong dong luchoc

Thiét ké bo diéu khién cho mach vong diéu khién
dong luc hoc khi hé chiu tac dong cua nhiu. Goi
e, 1a vector sai léch téc do, co phuong trinh sai
léch toc do:

é,=v—v,=M"E(T+71,)—V, (16)

(17)

Véi B=M'E, va v, 1a tin hiéu dat tr mach
vong diéu khién ngoai. Chon tin hiéu diéu khién
cho mach vong trong nhu sau:

I:_Bil(ng_Ec)_fd (18)

Trong d6 7, 1a gia tri uc lugng thanh phan nhiéu
T, nhu so d6 Hinh 2. Thay (18) vao (17), ta co
duoc:
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év :B<_Bil(K€v _l}c)_fd +Id>_yc
(19)

4 :_ng_fd + T4

Véi K 1a ma tran hing s6 xac dinh duong.

Nhin vao phuong trinh (19) ta thay khi thanh phan
ude luong 7, = 7, thi lirggv(t) =0, sai léch téc
dd s€ vé khong, dam bao tinh 6n dinh cho mach
vong trong. Bay gio chi can xac dinh dugc thanh
phan 7.

Thiét ké bd udc luong thanh phﬁn nhiéu cho hé ¢
md hinh (17) dya trén nguyén tic toi vu sai léch
voi mo hinh mau thuat toan nhu sau [12]:

- Chia cac khoang dich chuyén cach déu nhau T
trén truc thoi gian t: ¢, = k7T, ,k =0,1,...

Tai nhiing thoi diém xdp xi thanh phan nhidu
Ta Ta(t), d& dam bao t, = kT, didu kién:

‘fdk —T14(t, )‘ — min

l’(tk )— Y(tkq )

Theo phuong trinh Euler: v(z,)~ tur

phuong trinh (8) ta co: &
Q’f_TSE"’l = B(r+7i— 1) 20)
vxu, tLB(z+r,—7, ) 21
- Chon mé hinh miu: z = B(t —7,)
zy= i +TB(T— 1,4 ) (22)

- Sai léch gitta mo6 hinh thyc va md hinh mau khi

do sé la:

Y7220, ~2, TLBT, (23)
bat:

8,=v,  —2 +TBr.=0 (24)

V61 muc tiéu mong mudn sai 1éch 0, lanho nhét,
tirc 1a binh phuong sai léch ciing 14 nho nhat, ta
dat:

Jk - é/jcw ék
=W —2z 1+ LB, ) (ver —z 1 +T,B1,,)

— 1 (T*B'B)ry — 20\ —z,,) T.Br, )

+(Vi =z )T (Ve — 2Zk1)

Tiép theo can tim 7, dé J, 1a nho nhét. Tuc
la: 7, =argminJ,, khi d6 dua vé bai toan tim
nghiém t6i uu va tim xac dinh dugc thanh phan
udc luong la:

#4, =(TB"B) 'B' (v, y —z,) (26)

Céc budc thyc hién thudt toan ude lugng nhu sau [ 13]:

B.1: Ma trdin B(v) 1a ma trin du tai moi diém
trang thai, tic la luon thoa man: rankB(v,)=n .
Tai cac thoi diém ¢, = kT, 1a lic 7, s& dugc wéc
lugng xap xi thanh 7, =~ 7, (&).

B.2: Twchon z_y va 7, ,gan V., =0,k=0
B.3: Do trang thii ¥ = v(#;) tir hé théng va tinh:
A =14 =1,

B, =T.B(v, ) Z= Az +B (-7, )
T4 =[Bi BBl (v —zi + 4z s — A vi )

B.4: Pua 7— T, vao mach vong diéu khién, véi
7 la tin hiéu di¢u khién da dugc chon trong cong
thtrc (21). Nhu vay, sau khi c6 khau bu thi tin
hiéu dua vao mach vong dong luc hoc chinh Ia:
T—Tq+Ta

B.5: Gan: k =k +1 va quay vé B.3.

v -3 i3 T v
T B6 dicu kluén| — M hinh
| d6ng lyc hoc dong lec hoc :|
| Co céu ude
lwong nhidu <—‘

Hinh 2. C4u tric diéu khi€n mach vong
déng luc hoc c6 bu nhiéu
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Céu tric diéu khién toan bo hé théng dugc mo ta
trong Hinh 7.

4. KET QUA MO PHONG

Chon cac thong s ciia xe tyr hanh nhu sau:
r=0.025m,b =0.075m,

m=1.08kg,J =0.818 kg / m®

Thuc hién mo phong trén phan mém Matlab/
Simulink dé kiém chimg thuat toan voi hai truong
hop quy dao khac nhau, tac dong tin hi¢u nhiéu
N . T .
ddu vao la 7, =[20sin32,20cos3¢] ; tham sb
bo diéu khién: k, = 0.001; k, = 3; k, =1000
K=[1000 0;0 50]

- Thir nghiém v6i quy dao thing: ¢ =[2+21,-1+1,0] ,
diém ban dau q, =[1,—1,0]T . Puong dac tinh quy
dao thuc (duong nét lién mau xanh) bam sat quy
dao dat (duong nét dut mau do) nhu ¢ Hinh 3,
nhu vay xe di chuyén ludn bam sat véi quy dao
dat trudec.

y[m]

¥ 3
Hinh 3. Xe bam quy dao thing

- Thu nghiém véi quy dao tron:

T

q = {cos 0.125724,sin0. 125m,§ +0. 1254

Dic tinh quy dao Hinh 4 cho thiy voi diém dat
5 T T

ban dau QO :[x()ay()aeo] :[15037[/2] thi dlr(‘mg

dic tinh quy dao ciia xe nam chong kin 1én dic

tinh quy dao dat. Khi dua mét tin hiéu nhiéu dau

(ISSN: 1859 - 4557)

vao dang hinh sin thi bo diéu khién cua hai mach
vong trong cong thirc (14) va (18) van dam bao xe
bam quy dao tot, gan nhu khong bi anh hudng boi
nhiéu tac dong.

Tién hanh thir nghiém ting dan bién d6 nhidu
thi chat lugng bam van tdt, hé 6n dinh bén viing.
Twong ty nhu vay, khi thay ddi thong sé (khdi
lugng, md men) cia WMR, quy dao xe van bam
quy dao dat nhu cil, bo diéu khién dap tung cac chi
tidu chat lugng.

y[m]

x{m]

Hinh 4. Xe bam quy dao tron

Uoc luong d1
S &5 o a o @

o
T

-20

L
0 2 4 6 8 10 12 14 16 18 20

Hinh 5. Nhan dang thanh phan nhiéu 7,
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luong didu khién bam tot véi ca hai truong hop

N

0

quy dao thang va quy dao tron. Bo diéu khién thiét
ké dap rng tinh 6n dinh cho toan hé théng, on dinh
bén viing v6i su thay dbi cia cac yéu to bat dinh.
Bén canh d6 viéc chinh dinh tham s6 bo diéu khién

cling don gian. Co cau udc lugng nhan dang nhiéu

Uoc luong d2
& o » s o

=)

nhanh, chinh xac, da loai bo dugc anh hudng cta

=

nhicu ca khi c6 bién d¢ lon.

-20

I}

XAC NHAN

Hinh 6. Nhan dang thanh phan nhiéu ,, Coéng trinh nghién cuu nay da dugc Truong Dai
. o hoc Dién luc tai tro théng qua dé tai nghién cuu
5.KET LUAN . . . e s

. khoa hoc cdp trudng ndm 2023, ma sé dé tai:
Bo diéu khién d& xuét trong bai bao két hop voi  HTKHCN.07/2023.

bd udc luong thanh phan nhidu dau vao cho chit

B diéu khién
dong lwc hoc (18)

= Céng théc| —",|B6 diéu khién| —

© dong hoe (14) M

q 2
S(a) j

Co chu wée
lwong nhiéu

j
-

Hinh 7. So dé khai cau truc hai mach vong diéu khién

TAI LIEU THAM KHAO

[1]. Pliego-Jiménez, Javier, et al. “Trajectory tracking of wheeled mobile robots using only Cartesian
position measurements.” Automatica 133, 2021 109756.

[2]. Khalaji, Ali Keymasi, and Mostafa Jalalnezhad. “Robust forward\backward control of wheeled mobile
robots.” ISA transactions 115, 2021, pp.32-45.

[3]. 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.

[4]. S. J. Yoo, “Adaptive neural tracking and obstacle avoidance of uncertain mobile robots with unknown
skidding and slipping,” Inf. Sci. (Ny)., vol. 238, pp. 176-189, 2013.

[5]. T. Nguyen and L. Le, “Neural network-based adaptive tracking control for a nonholonomic wheeled
mobile robot with unknown wheel slips, model uncertainties, and unknown bounded disturbances,”
Turkish J. Electr. Eng. Comput. Sci., vol. 26, no. 1, pp. 378-392, 2018.

14 S6 35



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

[6]. Li, Shu, et al. “Adaptive neural network tracking control-based reinforcement learning for wheeled
mobile robots with skidding and slipping.” Neurocomputing 283, pp.20-30, 2018.

[7]. Hongjiu Yang, Xiaozhao Fan, Yuanging Xia, Changchun Hua, “Robust tracking control for wheeled
mobile robot based on extended state observer,” Advanced Robotics, vol. 30, no. 1, 2016, pp. 68-78.

[8]. Huang, Dawei, et al. “Disturbance observer-based robust control for trajectory tracking of wheeled
mobile robots.” Neurocomputing, 198, 2016, pp.74-79.

[9]. Li, Li, et al. “Trajectory tracking control for wheeled mobile robots based on nonlinear disturbance
observer with extended Kalman filter Journal of the Franklin Institute, 357.13, 2020, pp.8491-8507.

[10]. Miranda-Colorado, Roger. “Observer-based proportional integral derivative control for trajectory
tracking of wheeled mobile robots with kinematic disturbances” Applied Mathematics and
Computation 432,2022, 127372.

[11]. Klancar, Gregor, et al. Wheeled mobile robotics: from fundamentals towards autonomous systems.
Butterworth-Heinemann, 2017.

[12]. Nguyen Phuoc Doan, and Nam Hoai Nguyen. “Adaptive control for nonlinear non-autonomous
systems with unknown input disturbance.”International Journal of Control 95.12, 2022, pp. 3416-3426.

Gidi thiéu tac gia:

Tac gid Pham Thi Huong Sen t6t nghiép ki su nganh Diéu khién tu déng trudng
Dai hoc Bach Khoa Ha Néi nam 2004, Thac sy chuyén nganh Diéu khién va Ty
déng hoa nam 2008, nhan bang tién si chuyén nganh Diéu khién va Tu déng
hod ndam 2022 tai truong trudng Dai hoc Bach Khoa Ha Néi.

Linh vuc nghién ctu: Diéu khién phi tuyén, Diéu khién qua trinh céng nghé,
Diéu khién chuyén déng.




