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Trong bai bao nay, nhém nghién ctru da xay dung mot cich cé hé thong phwong phap mé hinh hoéa hé dong
lwe hoc ciia mot robot di dgng banh xe non-holonomic c6 trwgt ngang. Sau d6, nhom tic gia thiét ké mot
luit diéu khién bing phwong phap tuyén tinh héa phan héi vao ra dé diéu khién robot di dong nay bam
theo mdt quy dao cho truwée ma cé thé bu dwoc trwrot ngang. Cac két qua mo phéng dwoc thye hién bang
Matlab-Simulink d3 chirng minh tinh diing din cia luat diéu khién.

Tir khéa: robot di dpng non-holonomic, tricot ngang, tuyén tinh héa phan hoi.

Chi sé phén loai 2.2

MODELLING AND CONTROLLING
A'NON-HOLONOMIC WHEELED
MOBILE ROBOT WITH LATERAL SLIP

Summary

This paper presents the systematic
development to model the dynamics
of a non-holonomic wheeled mobile
robot with lateral slip, followed by
the design of a control law using the
input-output feedback linearization
method to drive the mobile robot to
track a given trajectory while lateral
slipping exists. Matlab-Simulink
simulation results showed the
correctness and performances of the
control law.
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Pat van de

Robot di dong banh xe da dugc nghién ctru va tng dung trong
nhiéu nganh céng nghiép va 1a mot linh vuc thu hat sy quan tim
ctia nhidu nha khoa hoc trén thé gigi. Ly do robot di dong duoc
g dung rong rii trén thé gisi 1a do n6 c6 thé chuyén dong thong
minh ma khong c6 tac dong cua con nguoi, pham vi hoat dong
khong bi gioi han. Pac biét, n6 co thé thay thé con nguoi trong cac
nhiém vu nguy hiém nhu: tim kiém vat liéu nd, van chuyén hang
hoéa trong mf)i truong doc hai, giam sat an ninh... Nhiéu céng trinh
nghlen ctru vé robot di dong tap trung vao viée giai quyét bai toan
diéu khién chuyen dong. Nhiéu cong trinh nghién ciru da thiét ké
céc bo diéu khién tuong tng ma ching da tich hop mé hinh dong
hoc ¢6 rang budc non-holonomic véi mo hinh dong luc hoc cua
robot di dong [1-4]. O d6, cac tac gia di gia st diéu kién rang budc
non-holonomic luén duge dam bao (cac banh xe chi c¢6 chuyén
dong 1an ma khong truot). Tuy nhién, trong thyc té, khong phai luc
nao diéu kién rang bugc non-holonomic ciling luén dugc théa man.
Rang budc non-holonomic phuc thudc vao rat nhiéu yéu té nhu do
cang cua 16p, d6 tron ctia mat san, do phang cua dia hinh... Khi do,
néu mudn giai quyét bai toan diéu khién chuyen dong thi dong hoc,
dong luc hoc truot phai dugc tinh dén khi thiét ké bo diéu khién
cho robot di dong. Trong [5], cac tac gia dd phat trién mot mé hinh
dong hoc suy rong ma ¢ do da chtra dung cac loai truot khac nhau
nhu truot doc, trugt ngang, trugt quay. Trong [6], diéu khién luc
ngang da duogc dé xuét béng cac bo diéu khién luc va vi tri, trong
d6 cac yéu té truot da duogc tinh dén. Trong [7], cac tac gia gidi
thiéu mot bo diéu khién bén virng dé bam theo quy dao bang cach
tich hgp dong hoc trugt vao dong hoc robot di dong banh xe dudi
dang cac ham va tinh 6n dinh duoc kiém ching béng toan tir Lie.
Trong [8], cac tac gia da xay dung mo hinh dong luc hoc robot di
dong banh xe ma ¢ d6 da chira dung dong luc hoc trugt ngang. Sau



d6, mo hinh dong lyc hoc nay dugc su dung dé thiét
ké bo 1ap quy dao va bo diu khién dé cho phép dan
duong (navigation) c6 hi€u qua robot di dong trong
diéu kién co truot ngang.

Trong truong hgp co trugt ngang hodc trugt doc thi
yéu tb ma sat & diém tiép xuc gitra banh xe va mit
san dugc chu y dén. Hé sb ma sat phu thuéc manh mé
vao dang dia hinh, d cang cua lép va van tdc robot
di dong. D6i vé6i diéu khién trugt doc, trong [9], hé s6
ma sat dugc xem nhu mot ham cua ty s truot. Trong
[10], céac tac gia da trinh bay mdt xe ty hanh cho nong
nghiép vai gia st van toc clia xe ndy nho, chi c¢é trugt
doc dugc chu y dén, con trugt ngang bi bo qua. Trong
[11], d4 nghién ctru bang thuc nghiém cac anh huong
clia cac tham sb nhu ban kinh banh xe, khoang cach
gilta hai banh, tai trong 1én hiéu qua diéu khién khi
ton tai truot doc. Trong [12], céc tac gia da xay dung
mot bai toan path-following khi ton tai ca truot ngang
va trugt doc. Dua trén mé hinh truot, bd diéu khién
chuyén dong duoc tong hop co tinh dén truot doc. Doi
véi trugt ngang, bd diéu khién duoc dya trén mo hinh
ma sat ngang.

Noi dung nghién ciu
Méb hinh dong hoc

Xét 1 robot di dong banh xe cd truot ngang nhu
hinh 1, vo6i1 gid thiét do trugt doc cia xe c6 theé bo qua,
mo hinh dong hoc cua xe dugc mo ta nhu sau:

rdg = %py €080+ oy sin O+ b0 (1
rgy =%y cos@+ y,, sin @ —bo ()
1 =—X;sin@+y,, cosd (3)

Trong do, n 1a d¢ truot ngang cia robot di dong.

Banh trai
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Hinh 1: robot di dong banh xe cé truot ngang

Mo hinh dpng luc hoc ciia robot di dong
Pong nang cua than robot di dong la:
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Trong do, m, 1a khéi lugng cua than robot di dong,
I Mqlé mo men quan '[‘l:nh cua than nay xung quanh truc
thang dig di qua diém M.

Dong ning cua banh trai va banh phai 1an luot 1a:
K, =lmW (r2¢£+ﬁ2)+l[W¢£ 4'11049'2 Q)
2 2 2

1 20 oy Lo 1
Ky =5 (” e+ )+EIW¢R "'5109 (6)
Tdong dong nang ctia hé 1a:
K=K, +K; +K,

1 .2 .2 1 2(52, 32
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Trong do, 1, val, lan luot 1a m6 men quan tinh cua
banh xe xung quanh truc quay va truc thang ding.

Vi thé ning cua robot di dong bang 0, nén ham
Lagrange cta n6 la: L=K.
Goi véc to toa do Lagrange cua robot di dong la:
T N ) A
q=[x>71,0.1.z.4, ], phuong trinh rang budc duoc

biéu dién theo dang sau:

4(¢)§=0 (8)
Két hop cac phuong trinh (1), (2), (3) va (8), ta xac
dinh dugc ma tran 4(¢) nhu sau:
sind -b 0 —-r 0
cosd sin@ b 0 0 —r ©)
—sin@ cosd O 1 0 O

cosé
A(q)=

Phuong trinh Lagrange ctia chuyén dong ctia robot
di dong la:

dfa)a_,
dt\ 0q ) 0q

Trong do, A= [%,%,%]T la mdt véc to nhan ti

+A" 2

(10)

Lagrange biéu dién cac luc rang budc cta robot di
dong, u la véc to luc suy rong trong tng véi cac toa do
suy rong q. Bang cach giai phuong trinh Lagrange,
phuong trinh dong luc hoc cia robot di dong c6 dang
nhu sau:



MG=Nz+N,F, +A A (11)
oy [0 000 o]’ r
VO M=l 0 0 1l Ma=[0 00 1 0 0] 13

cac ma tran dau vao,

(my, 0 0 0 0 0 ]

0 m, 0 0 0 0

0 0 [I,+2[, 0 0 0
M=o o Mo ' 2my, 0 0

0 0 0 0  myrt+1, 0

0 0 0 0 0 my 1 +1,, |

T \ \
v=[7.7.] 1a véc to ddu vao gom mod men quay banh
phai, banh trai; £, 1a lyc day tac dong vao than robot
theo hudng ngang nhu hinh 2.

Goi v =[¢5R,¢5L T , S,(q) , va S(q) la ma tran thoa

man phuong trinh sau:

q=S5,(q)v+5,(q)n (12)
Dé dang tim duogc ma tran
icos@ 1cos¢9 _
2 [—sin@
%sin@ gsine cos®@
0 13
s@= s lsi=| (9
2b 2b
0 0 0
1 0 L 0 |

Dao ham 2 vé phuong trinh (12):
q:Sl(q)V+Sl(‘1)“’+S2(q)77+32(‘1)f7. (14)
Hon nira, ta cling co6:

(9)4" (9)=0

()N, =1 (15)
S{ ()N, =0

Nhan cé 2 vé cua phuong trinh (11) vo1 §/(q), ta co:

e=[5(a)" M, (q) |9+ 5 (a)) M8, (q)]v

ST
ST

+[51(a) M8, () i+ [ 51 (a) 5, (a)] (16)
Ta dé thay,

S, (q)" MS,(q)=0 an
S, ()" MS,(q)=0

Thay (17) vao (16) ta dugc:

|51 (a)" 5, (q) |+ 5, (a)" S, (q) [ == (18)
o my+bio=1 (19)
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Trong do, m=S5, (q)TMSl(q)—{m11 mu}
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Thiét ke luat dieu khién
Goi D(x,,y,
dai V, khong d6i theo hudng 0 > ta co:

(% — 1)

) 1a diém muc ti€u di chuyén vdi van toc

Xp =V, cos6,

yp =V, sing, (20)
Goi trang thai cua robot di dong la:
X:[XM’yM?95n7¢R’¢L5¢R’¢LJT (21)

M0 hinh trang thai ctia robot di dong duoc biéu dién

dudi dang sau:

[ S 0
| el 22
y=[n(x)n @]
trong do,
yz{yl (x)}:{co.sé’ sinﬁ}{xD—xM} 23)
¥, (x) —sin@ cos@ || yp,— vy
Tinh dao ham béc nhét cua (23):
o V20—V +V, cos(0—-6,)
_{ylwﬁVD sin(@HD)} (24)



trong do w:Q:;—b(¢R—¢L), V:%(% +4,)

Tiép tuc dao ham 2 vé (24), ta dugc:

y—{ V,}rf,
M

trong do, f 1a mgt véc to phu thudc vao quy dao cua
muc tiéu D. Néu D chuyén dong theo duong thang thi
f dugce thay bagi f, nhu sau:

(25)

7 :{yz.aﬁyz.a')—VDwsin(H—QD)} 26)

—ho—1-Vywcos(0-06,)

Néu Qiém D(x,y,) chuyén dong véi van toc dai v,
khong d6i theo duong tron cé dang:

(¥p=%0) +(yp=20) =R (27)
thi f dugc thay boi f. nhu sau:
- yz.fo+y2...a')—VD (a)—.H'D)sin(H—HD) 28)
-yo-1i7-V, (a)—HD)cos(é’—HD)
Ta c6 thé viét lai (25) du6i dang:
y=—hv+ f (29)
r r
trong d6 7= B _( L]
N b N 2
Néu y,>0, thi h ludn kha nghich.
Két hop (22) va (29), ta c6:
j=—hm" (r-bno)+ f (30)
Ta chon luat diéu khién:
7= b+ mh™ (f = $soirea + K pé+Kpe) D

trong d0, € = ¥ = Vesirea » K, K, 12 cdc ma tran hang xac

dinh duong. So d6 khdi ctia hé théng diéu khién duoc
mod ta nhu hinh 3.

Yéu cau cia bai toan diéu khién 1a diém P (hinh 2)
phai bam ti¢m can theo diém D véi sai l1éch bam tién
vé khong. Do vy, ta chon Yaeie =[C> O]T.

Thay (31) vao (30), ta duogc:

é+Kpe+Kpe=0 (32)

Tur phuong trinh dong luc hoc sai 1éch nay, sai 1éch
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e sé tién tiém can vé 0. Tac ¥ > Ciy, >0,

Tién hanh mé phong biang Matlab-Simulink. Cac
tham sd ctia robot di dong dugc tién hanh mé phéng
dugc chon nhu sau: m, = 17 kg; r = 0,095 m;
b =024 m; I, = 0,023 kgm*;, [, = 0,011 kgm?*
1,,= 0,537 kgm* m, = 0,5 kg. Khoang cach mong
muon: C = 0,3 m. Cac tham sO0 diéu khién

4 0
K,=K, = L

Khong mét tinh tong quat, ty sb trugt duge gia sir

la: sa :E:O,Z.
V
Két qua mo phéng
Ta s& tién hanh mo phong theo 2 trudong hop:

Truwong hop 1: muyc tiéu D(x, y,) di chuyén theo
duong thang c6 h¢ s6 goc 0 = /6 v6i véan toc 0,2 m/s.

Truot ngang
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Xy Wy o0

Hinh 3: so' d6 khéi dé diéu khién robot di déng non-holonomic ¢é trieot ngang
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Hinh 5: d thi téc dg truegt ngang 7] khi robot bam theo dwong thing
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Hinh 7: mé men quay ¢ hai banh xe robot di dong
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Trwong hop 2: muc tiéu di chuyén theo duong tron

Hinh 8: véc to dau ra y(x)

c6 phuong trinh (27) véi vén toc dai ¥, = 0,4 ms.
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Hinh 10: do thi téc dg truot ngang 1] khi ré bot bam theo dwong tron
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Hinh 11: quy dao diém P va diém D
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Hinh 12: mé men quay o hai banh xe robot di dong
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Hinh 13: véc to dau ra y(x)

Téc do truot ngang twong ing véi cac truong hop 1
va 2 dugc mo ta qua cac hinh v€ 5 va 10.

Cac hinh 4, 6, 9, 11 da minh hoa tinh 6n dinh tiém
can cua luat diéu khién. Trong cac hinh 8 va 13, gia tri
¥,(x) >0 v6i V¢ > () nén ma trn h trong phuapg trinh
(31) Iuon kha nghich. Hinh 7 va 12 minh hoa d6 thi mo
men quay luon lién tuc va hiru han. Do vay, luat diéu
khién 14 kha thi.

Két luan

Trong nghién ctru nay, ching t61 da xay dung thanh
cong mo hinh dong hoc, dong luc hoc cia robot di
dong khi co6 trugt ngang. Trong cac mo hinh dong hoc,
dong luc hoc déu chira dung dong hoc, dong luc hoc
ctia truot ngang. Sau d6, chiing toi da dé xuat mot luat
diéu khién theo phuong phép tuyén tinh hoa phan hdi
vao ra. Tinh 6n dinh cta luat diéu khién da dugc kiem
chimg bang Matlab-Simulink khi tién hanh mé phong
cho robot bam theo quy dao thang va quy dao tron.
Trong tuong lai, chung t6i s& khao sat va thiét ké bo
diéu khién cho robot di dong khi vira ¢ trugt doc, vira
co trugt ngang.
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