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dwa trén ki thuit Backstepping va diéu khién truot
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2 Khoa Biéu khién va Ty dong hoa, Pai hoc Dién luc

Tém tit

Bai béo nay dé& xudt mot giai thuat diéu khién bam quy dao dat
cho xe tu hanh (WMR), dua trén phuong phéap didu khién truot
két hop vai k§ thudt backstepping. Giai thut diéu khién bam
qui dao truot backstepping ddm bdo hé kin 4n dinh va sai léch
bam tién v& khong. Két qua dugc mé phong kiém chimg cho
thiy tinh ding dén va kha ning ing dung trong thuc t& cta gidi
thuat duoc dé xuat.
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1. Gi6i thiéu chung

Trong nhitng thap nién gan déy, xay dung thuat toan
diéu khién bam quy dao mong mudn cho xe ty hanh da va
dang duoc quan tim nhiéu. Xe ty hanh thudc 16p ddi tuong
thiéu co ciu chép hanh, ¢c6 mé hinh déng hoc va dong luc
hoc phi tuyén phi tuyén dang hé non-holonomic.

Diéu khién xe di chuyén bam theo quy dao cho trudc
trong khi hé ¢6 nhitng tham sb bit dinh nhu c6 sy thay déi
khéi lwong, mémen quan tinh, banh xe di chuyén c6 kha
nang bi truot, ... khi d6, doi hoi viéc thiét ké bo diéu khién
phai Khéc phuc dugc tron tru, dac biét 1a khi cac co ciu do
bi han ché va c6 gia thanh cao.

Céc nha khoa hoc di cong bd nhiéu phuwong phép diéu
khién khéc nhau dé thiét ké luat diéu khién xe ty hanh, da
s6 cac phuong phép sir dung cdu tric hai bo diéu khién cho
mach vong dong hoc va mach vong dong luc hoc [1, 2].
Trong [3] d3 st dung bo diéu khién truot ting két hop
backstepping, diéu khién truot thich nghi cho mach vong
dong hoc [2], phuong phéap backstepping [4], phuong phap
diéu khién thich nghi [5,6].

Bai b4o nay d& xudt mot cdu trac didu khién méi, chi sir
dung mot mach vong diéu khién, thiét k& bo didu khién
bam qui dao cho xe tu hanh dya trén ki thuat Backstepping
két hop vé6i diéu khién truot dam bao hé kin 6n dinh. Bai
viét duoc chia thanh bdn phan, phan mot 1a gidi thiéu
chung, phan hai gi6i thiéu vé mé hinh dong hoc cua xe.
Phén ba thiét k& bo diéu khién. Cudi cing la phan tich
danh gi4 két qua & phan bon.

2. M6 hinh dfng hoc

Mo hinh xe ty hanh s dung trong bai bao chuyén
dong trén mit phang, co hai banh dy phia sau va mot
banh lai phia trude, dugc biéu dién trong Hinh 1. Toa d6
OXY va Oxy lan Iuot 1a hé toa do cd dinh va hé toa do
cuc b gan trén xe, khi d6 (X,Y) 1a toa do cua trong tim

xe trong hé toa do ¢ dinh. Goc 0 1a goc quay cua truc X
so voi truc X, goi la goc hudng ctia xe. Nhu vay, vi tri cla
xe hoan toan dugc xéc dinh boi vécto g =[x y H]T )

Céc thong sb cua xe cin quan tim gém: m, I- khoi
luong va mémen quén tinh tuong ting cua xe; r- ban kinh
cua banh xe phia sau; L- mot ntra cua khoang cach giira 2
banh ding sau cua xe. Va hé sé luc rang budc Lagrange
A =-mO(xcos@+ ysinf). Cing v6i 7,,7,- mdmen cua
dong co trai, ddng co phai.

Gia thiét xe khong bi trugt thi s& chuyén dong vai didu
kién rang budc non-holonomic la:

xsin6 — ycos@ =0 @)
Chuyén dong cua xe ty hanh dugc mo ta bdi phuong trinh
dong hoc:
X =vcosé
y=vsinf 2)
0=w

Trong d6 v 1a van toc dai ctia xe doc theo truc x va

® 1a van toc quay. Gia thiét |V| SV a)| <o,

ax 2
voi v va@, lagia tri toc do 16n nhat.

Hinh 1. M6 hinh xe tu hanh

Phuong trinh ddng luc hoc xe ty hanh dugc mé ta dudi
dang phuong trinh Euler- Lagrange:

M(q)c’j+C(q,q')q'+G(q):E(q)T—AT (q)/i 3)
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Trong d6 M (¢) 1a ma tran quan tinh, C(g,¢)ma
tran thanh phan mémen Corilis va huéng tam, G(q)
vécto mémen trong luc, E(g) ma tran chuyén ddi dau
vao. Khi xe di chuyén trén mat dét, trong tim xe nam trén
truc nbi gitta hai banh xe thi C(g,4)=G(q)=0,
phuong trinh dong luc hoc cua xe la

m 0 0} X% : cos@ cosO sin &
T,
0 m O y|=—]|sin@ sin@ {1} —cos@ |4
.. R 7,
0 0 1|6 L -L 0
“)

Mo hinh déng hoc cua xe theo [1], duoc viét thanh:

X :isin¢9+blu] cos@
m
.. A .
y=——cos@+bu,sind 5)
m
6 =b,u,

trong do: b, :%ﬂ); b, :%rm)

U =17-7, ; Uy =7,+7,

Pé dam bao diéu khién bam quy dao, dinh nghia vécto sai
s6 bam quy dao:

ex _'xd
e=qg—q,=le, |=|y=y, (6)
e, 0-0,

v6i ¢, laquy dao mong mudn.
3. Thiét ké by diéu khién

Tach mo6 hinh dong hoc xe ty hanh (5) thanh hai h¢
con. Hé con thir nhét chi con phu thude vao tin hiéu diéu
khién u,; h¢ con thir hai phu thudc vao tin hi¢u didu
khién u, Bo diéu khién bam qui dao cho WMR s€ bao
gdm hai thanh phan: by diéu khién trugt dé tong hop tin
hi¢u diéu khién u, va bo diéu khién backstepping cho tin
hi¢u diéu khién u, Trinh tu thiét ké by diéu khién s&
dugc trinh bay trong cac phan sau day.

3.1. Thiét ké bd diéu khién truot cho xe theo huéng
chuyén dong X va 'Y

T phuong trinh (5), ta ¢c6 m6 hinh ctia hé con th
nhét:

X= isint9+blu1 cosf = f; +gu,
m (7

. A :
P = —Zcosc9+blu1 sinf = f, + g,u,

Tin hiéu u; 1a déu vao diéu khién cho ca hai phuong
chuyén dong X, Y. Trong bai bao niy nhom tic gia s&
tach tin hiéu u; ra lam hai thanh phﬁn dé tac dong 1én hai
huéng chuyén dong tudng Gng, vai trong sb 1a bang nhau:

U =u, +u, 3

- Thiét ké luat diéu khién cho huéng chuyén dong X, xét
phuong trinh:

X=fi+gu, ©)
Tadit: e, =e =x—x,
x2 exl - ax , VO1 ax = xd _cxexl

Chon mat trugt: S =e,+Ae, (10)

Tinh dao ham cip mot:

S =é,+Ae,=x-X,+ce, +1¢é, (11)

x - xl

Péco S.S <0 tachon S, =—ksign(S,), thikhido:

X-%,+ce +Ae,=—ksign(S,)

xxl

-X,+ce, +Ae, =—ksign(S,)

xxl

Sit+gu,
Vay tin hi¢u diéu khién cho thanh phﬁn X la:
ulx :(jéd _cxéxl _/Ixe.xl _kASlgn(Sx)_fi)/gl (12’)

- Thiét ké lut diéu khién cho hudng chuyén dong Y:

V=1+gu, 13)
bat e,=e,=y-y, va e, = e'y] -a, , voi
a, =y, —ce,.Chon mat truot:

Sy =e,+ /’Lyey1 (14)

Thi S, =¢é,+4¢é,=7-3,+cé,+4¢, (15)

Tuong tu nhu hudéng chuyén dong X, ta ciing c6 luat diéu
khién cho huéng Y:

Z/lly = (Yd - Cyéyl - /Iyéyl - kySign(Sy) - fz ) / gZ (16)
Vay luat diéu khién cho hé con thir nhét:

u, =%, —ce,—Ae,—ksign(S)-1f)/g

+(yd_cyéyl _ﬂ’yéyl _kySlgn(Sy)_f‘Z)/gZ (17)

Dé giam hién twong chattering ¢ tan s6 cao, ham dau sign
dugc thay thé bang ham sat:
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sat(s) = {zgn(s),|s| >1 (18)

,|s|£1

3.2. B diéu khién bam Backstepping cho goc

Tién hanh thiét ké bo diéu khién bam backstepping
theo goc dat 6,, muc dich 1a xac dinh tin hi¢u diéu khién
u, dua trén vigéc xac dinh ham diéu khién Lyapunov.

Xét hé con thit hai tur (5):

b =bou, (19)
Dit bién trang thai moi:

7 =€, =0-0,

z,=6+a, (20)

Chon ham Lyapunov:

1
n=za 1)
Vl =zz = ZI(ZZ ) _9d)
Chon a, =a,z,—6, véithongsda, >0, thi:
Vl = _alzlz +2z,2,
Xét ham Lyapunov:
l
v,=V, +Ez2 (22)
Ve = V1 +2,z, = —alzl2 +2zz,+2,2,
= —alzl2 +2,(z, +bu, +a,)
Chon tin hiéu diéu khién:
1 . 3 )
u, = —b—(z1 +a,z,+a,),hings6 a, >0 (23)
1
Thi khi do:
V,=-az’—a,z," <0 (24)

Nhu vay hé s& on dinh, goc € 1ludn bam theo g,.

3.3. Phin tich tinh 6n dinh ciia hé kin

Tinh 6n dinh cua hé kin dugc phat biéu nhu sau:
Phat biéu: Hé thong c6 mo hinh (5), véi bo diéu khién
trugt backstepping:

r=[r, o] {”l*_”z

T
U, —u,
—_ 25
. ; } (25)

Véi u, ,u, nhu trong phuong trinh (17) va (23) thi h¢ kin

s& 6n dinh tiém can.
Chirng minh tinh én dinh

Chon ham Lyapunov cho hé kin nhu sau:

1 1 1 1
V25212+5222+ESXZ+5S'V2 :Vg +ny (26)

Pao ham V theo thoi gian:

V=V,+V, 27)
Theo (23) ta da co:

V,=-az —a,z; <0 (28)
Mat khac:

V,=8.5+8S, =-kS.sign(S,)-k,S sign(S,)<0
Chimg to: V=V, +V, <0 (29)

Do véy hé kin 6n dinh Lyapunov.

8.4
B6 didu khién backstepping
u . 6.8
r,=0.5(m+a,)
A WL WMR X. Y. %
Bo diéu khién truot
¥,. X

Hinh 2. So db céu truc hé diéu khién
4. Két qua
Tham sd cia xe tu hanh duoc chon nhu sau:
m=1.038kg , 1=0.818 kg /m*,r =0.025m,L = 0.075m .

Str dung cong cu Matlab-Simulink tién hanh mé phong
theo hai truong hop:

- Truong hop 1: Quy dao dat 1a hinh sin véi quy dao dat
la:

g, =[0.25sin0.0257 0.025¢ atan(1/0.257 cos0.257¢]"
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Hinh 3. Quy dao bam hinh sin
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Hinh 4. Sai s6 quy dao

- Truong hop 2: Xe di chuyén theo quy dao dit tron

g, =[c0s0.125zt sin0.125zt 7/2+0.1257t]"

e, (m) € iheta (rad)

e, (m)

ym)

Hinh 5. Quy dao bam hinh tron
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Hinh 6. Sai s6 qu§ dao tron

Céc két qua mo phong sir dung luat diéu khién da thiét ké
cho thay: khi thir nghiém v6i quy dao dang hinh sin va quy
dao hinh tron thi xe ludn bam sat theo quy dao dat (hinh 3,
hinh 5), sai 1éch toa d¢ x, y va goc huong @ kha la nhd
(hinh 4, hinh 6). Chirng 6 luat diéu khién cho dap mg chat
luong tdt, co kha nang thyuc thi dua vao tng dung thuc té
duoc.

5. Két ludn

Bai bao da dua ra mot cAu tric didu khién st dung mot
mach vong v6i hai bo diéu khién cho hai hé con. Tinh én
dinh cua hé da duoc ching minh trén 1y thuyét va mé
phong kiém chimg. Bo diéu khién thiét ké kha don gian,
viéc hiéu chinh cac tham sé linh hoat nhung doi hoi cac
bién trang thai ctia hé phai do dwoc. Trong tuong lai gan,
nhom sé tién hanh thuc nghiém trén md hinh xe thyec.
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