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TOM TAT

Bai bdo nay sé trinh bay vé diéu khién bén cho 6 t6 tw hanh bang cdch sir dung bé diéu khién
truot dya trén ludt tiém cdn dé dam bao tin hiéu diéu khién khong bi dao dong nhw b diéu khién
truweot truyén thong. Theo phwong phap giam bdc mé hinh, 6 t6 sé dwoc chia thanh dong luc hoc
chdm va dong liwec hoc nhanh va dwoc diéu khién riéng biét boi kj thudt diéu khién trén. Sw on
dinh ciia hé thong sé dwoc chimg minh bang cdach dinh nghia ham Lyapunov va diea trén Iy
thuyét on dinh Lyapunov. Hi¢u qua cua by diéu khién méi la tot hon bé diéu khién cii khi tin hiéu
géc ldi khéng bi thay doi qua nhiéu, dam bao co cdu chdp hanh ciia xe sé€ ddp img dwoc va giip
xe bam quy dao mong muén trong thue té. Két qua mé phong ciia tin hiéu géc ldi, dp bam quy
dao va géc xoay than xe ciia hai bé diéu khién sé dwoc minh hoa va so sanh bang phan mém

Matlab/Simulink.

Tir khoa: Diéu khién bén cta xe; Xe tw hanh; B diéu khién trugt; Luat tiém cén; On dinh Lyapunov; Ty dong chuyén
lan, dong luc hoc bén.

1. MO PAU

Hién nay, xe tu hanh la linh vyc dé va dang dugc nghién ctru phat trién rat nhiéu [1], n6 c6
nhiéu wu diém nhu giam thiéu tai nan giao théng, giam thiéu tiéu thy nhién liéu héa thach, giam
6 nhiém moéi trudng. Tuy nhién, dé dugc dua vao sir dung thi xe tu hanh ciing phai dap Gng rat
nhiu yéu ciu, trong d6, quan trong nhat 1a dam bao an toan cho hanh khach. Mot trong nhing
nhiém vu dit ra 1a xe cin bam quy dao mong mudn dé c6 thé vuot hodc tranh chudng ngai vat
trén duong di béng cach diéu chinh dong luc hoc doc va dong luc hoc bén cia xe. Pong luc hoc
doc dugc xem xeét khi xe khoi dong, tang tdc hodc phanh, trong khi d6, dong luc hoc bén duoc
quan tam khi xe chuyen lan hay di chuyén trén doan dudng cong [2, 3] Bai bao nay sé trinh bay
vé mot ky thuat méi dé didu khién dong luc hoc bén cho xe khi chuyén lan.

Diéu khién bén cho xe ty hanh 14 linh vyc phirc tap va di c6 nhiéu nghién ctru vé van dé nay
nhu: Diéu khién PID [4], LQR [5], Backstepping [6], Fuzzy Logic[7], diéu khién truot [8], diéu
khién truot két hop voi Backstepping [9]. Véi bo diéu khién truot truyén thong khi m6 phong thi
quy dao chuyén dong va goc xoay than xe da bam so voi gid tri mong mudn v6i sai 1éch nho.
Tuy nhién, tin hi¢u diéu khién, chinh la goc lai lai dao dong qua nhiéu, diéu nay din dén viéc bd
diéu khién nay chua thé sir dung trong thuc té vi cac co cau chip hanh cua xe 1a khong thé dap
g duoc viée thay ddi goc 14i qua nhanh nhu vay. Vi bd didu khién truot dya trén luat tiém
cin, bang cach thay doi cach chon mdt truot, tin hiéu goc lai s& thay dbi cham dé dap tng duoc
trong thuc té va qua d6 viéc bam quy dao ciing nhu bam goc xoay than xe c6 sai léch so véi gia
tri dat 1a nho hon bd diéu khién thong thuong [10].

Nhin chung, mot xe tu hanh co thé duoc mé phong bang md hinh xe 3 béc tu do, tuy nhién,
khi nghién ctru vé diéu khién bén cho xe, ta gid | thiét van toc truc doc cua xe 13 hing sé va bé qua
dong luc hoc doc clia xe nén mo hinh giam xuong 2 bac ty do 1a vi tri bén va géc xoay than xe.
He tré thanh h¢ SIMO véi dau vao 1a tin hi¢u goc 14i, 2 dau ra 1a 2 bac tu do ctia xe. Di c6 cac
nghién ctru vé diéu khién hé SIMO nhu 1a: bd didu khién PID-Fuzzy [11], bd diéu khién phan
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cép [12], Energy-Based Controllers [13]. Bai bao nay s& 4p dung phuong phép giam bac md hinh,
coi vi tri bén cua xe 1a dong lyc hoc cham, goc xoay than xe 1a dong luc hoc nhanh va s€ tao tin
hi€u diéu khién ao dé diéu khién hé dong luc hoc cham, tin hi¢u diéu khién thuc s€ dua theo tin
hi€u 4o nay d¢ di€u khién h€ nhanh. So sanh két qua moé phong cua hai bg diéu khién s€ cho thay
hiéu qua cua ky thuat dicu khién mdi la tot hon va co6 thé ung dung duogc trong thuc te. Mot so
dong gdp chinh cua bai bdo nay c6 thé ké dén nhu sau:
e B diéu khién duoc dé xuit cho két qua bam cac gia tri didt voi sai s nho hon bo didu
khién trugt thong thuong.
e Cung cip mdt ciu trac diéu khién méi cho hé SIMO, gilp don gian hoa bo diéu khién cho
doi tuong nay.
CAu trac cua bai bao gdbm 4 phan: Phan 1 1a phan mé dau. Phin 2 1a mé hinh xe ty hanh va
thiet ké b diéu khién truot. Phan 3 1a két qua md phong trén Matlab/Simulink cta hai bg dieu
khién. Cuodi cung la phén 4, két luan ctia bai bao.

2. MO HINH XE TU HANH VA THIET KE BQ PIEU KHIEN

2.1. M6 hinh dong luc hoc bén cia xe
Khi xe di chuyén ¢ téc do cao, gia
thiét vector van toc & mdi banh xe trung A
v6i hudng cua banh xe khong con chinh
xac, vi vay, thay vi st dung mo6 hinh
dong hoc bén, ta sir dung mo hinh dong
luc hoc cho chuyén dong ngang cua xe.
M6 hinh xe hai bac tu do dugc st dung,
trong d6, hai bac ty do dwoc biéu thi
bang vi tri bén cua xe y va goc xoay than
Xe@. Vi tri bén cua xe dugc do doc theo

Y-axis

truc bén ctia xe dén diém O 13 tim xoay
tc thoi cua xe. Goéc xoay than xe @ X-axis

dugce xét theo truc X. Van tée doc cua xe

tai trong tam xe dugc ki hi¢u 1a V, . Hinh 1. Déng luc hoc bén cua xe [3].
Ap dung dinh luat IT Newton cho chuyén

dong doc theo truc y :

ma, =F, +F, (1)
trong do, a, la gia tde quéan tinh cua xe tai trong tdm xe theo truc y, m la khéi luong cua xe va
Fi F, 1aluc 16p bén 1an luot ciia banh trude va banh sau. Gia tbe quan tinh cua xe a, bao gdém 2
thanh phan 14 gia toc § do chuyén dong doc theo truc y va gia toc hudng tim cua xe V,¢ . Phuong
trinh chuyén dong tinh tién ctia xe theo phwong ngang:

m(y +Vx¢) = Fyf + Fyr (2)

Bén canh d6, khi xét momen quanh truc z thu dugc phuong trinh momen quanh truc z :
Iz(ﬁ:Inyf —I,Fyr (3)
voi |, la moment xoay theo truc z, I, 1a khoang cach tur trong tam tdi banh trude va banh sau,

Fe F, laluce lép bén 1an luot cua banh trude va banh sau. Trong bai bao nay, mo hinh dong luc
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hoc 2 bac tyr do dugc sir dung. M6 hinh nay gom 2 bac tu do 1a vi tri bén y va goc xoay than xe
@clia xe. M hinh dong hoc nay da duoc st dung dé thiét ké bo diéu khién cing véi gia dinh
ring ’Vé_l’l t(’)c’d()c ctia xe khong d6i va méi quan hé giira Iyc bén va géc truot cta 16p duoc gia
thuyét 1a tuyén tinh. M6 hinh dong luc hoc bén cta xe ty hanh dugc viét nhu sau [14]:

. F,+F, Vo . IF,-LF,
y=-t _L(/’,(/,:f vt y @)
m m |

z
Bing phuong phap thyc nghiém, ta thiy rang khi goc trugt cta 10p nho thi luc 16p bén sé ti 18
thuan véi goe trugt cua 16p. Goc truot cua 16p dugc dinh nghia 1a géc gitra hudng ctia 16p xe voi
hudng vector van toc cua xe. Goc trugt clia banh trude duge xac dinh theo cong thire [3]:
a; =56 -6 (5)
trong do, 6, 1a goc giira truc doc va hudéng vector van tdc doc cua xe vasla gbc danh lai cta xe.

Tuwong tu, ta xac dinh dugc goc truot cia banh sau:

a, = _a/r (6)
Do d6, luc 16p bén ctia banh trudc va banh sau c6 thé duoc viét nhu sau [3]:
Fyf = ZCaf (5_ Q/f )’ Fyr = 2Car (_Q/r) (7)

trong do, C_,,C_ 1a do cliing cua 16p trude va sau (hang sb ti 18), 51a goc danh lai cia xe va

af?

0,0, lan luot 12 goc gitra truc doc va hudng vector van tdc doc cua xe tai banh trudc va banh

sau. Néu xét 6,8, 1a goc nhd va thay V, =y ta thu duoc:

4, _y+|f¢ a, _y-lo
f v T

V. V. €)
Thay cac cong thic (7), (8) vao cong thure (2), (3) thu dugc mo hinh dong lyc hoc bén cua xe:
2C . +2C 2C 1. —2C 1 2C
y:_ af ar y_ VX + af'f ar'r ¢+ af 5 (9)
mV, mV, m
P 21,C , -2I.C,, y- 21.°C,, +21*C,, - 21,C_, 5 (10)
I ZVX I ZVX I 4

Dé thiét ké bo didu khién, sai s6 vi tri va sai s6 dinh hudng cua xe ddi véi dudng duoc xéac
dinh nhu sau [3, 10]: ¢ 14 khoang cach giita trong tim xe so voi duong tham chiéu, e, la sai s6
gbc xoay than xe giira thuc té va gia tri tham chiéu. Cac sai s6 ndy dugc xac dinh bang céach sir
dung cac trang thai cia mo6 hinh nhu sau:

& =y+V,(¢-9).e=0-9, (11)
Dua vao dinh nghia sai s6 tir (11), mé hinh sai sb ctia xe dugc trinh bay nhu sau [3]:
2C,,+2C, 2C, +2C, 2C 1, -2C I
- é + e, —

ar’r e-
mvV. ' m 2 mv 2 (12)

X X

( 2Caf|f _2Car|rj . 2Caf
+H V-

g =

+ o
mv Dy

X
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. 21.°c,, +21*c, ~ 2.c, -2C, 2.C,-2C,
g =- é, — é + e,

IV, 1.V, I, (13)
21.C_, . 21,’C, +2l°C,,
+ 0 -
[ LV,

z

Py — Py
Dé don gian hon, dat x, =e,;X, =6;X, =€,;X, =€,. Ta dugc md hinh c6 dang:
{Xi =X, (14)

X, =KX, + K, X5 + Ko X, + 7,0

X, =X, (15)
Xy =KX, + K X; + KX, + 7,0
’ 2Caf +2Car 2Caf|f _2Car|r 2Caf
trong do, k; :—T;kz =k Kk, =— oy = - ;
‘- 21,C,, -2I.C,, =V Kk = 2|f2C0[f +2|r2Cm_ _2|fCaf
4= LV, 1Kg ==V, Ky Kg =— LV, V2 = 3

2.2. Thiét ké b diéu khién

Chung ta gia thiét réng, dau vao diéu khién & duoc thiét ké sao cho dong luc hoc ¢ hé phuong
trmh (15) nhanh hon nhiéu so Vorl dong lyc hoc ctia hé phuong trinh (14). Do d6, trong thoi gian
ngin, X, s& tién toi trang thai “gn nhu 6n dinh” trong khi x, va d tién t6i 0. Sau d6, dong luc hoc

cham duoc udc tinh bang:

X =X, (16)
X, =KX, + K, X,

véi X, la trang thai “gan nhu 6n dinh” va hoat dong nhu dau vao ao cho dong luc hoc cham.

Trong bai bao nay, ludt diéu khién s& dugc thiét ké cho hé théng bc gidm cua (14), (15). Hai dau

vao djéu khién riéng biét dugc thiet ké voi hé phuong trinh (14), (15) hoat dong lan luot n}lu’ la

hé thong chdm va nhanh. Tin hi¢u dau vao diéu khién nhanh & theo doi tin hi€u diéu khién ao

X,, va sé dan dén sy 6n dinh cua dong luc hoc cham. Dé thiét ké bo diéu khién truot, chling ta s&
chon cac mat truot cho vi tri bén va goc xoay cua xe lan luot 13:

.= P + X, (17)

S, = P (% —X5) + X, — X (18)

Dau tién, ta thiét ké tin hiéu a0 X, dua trén bo didu khién truot 4p dung ludt tiém can [15].

1 4 .
Xét mat truot (17) va ham Lyapunov c6 dang:V, = Eszl . Dao ham cta V, theo thoi gian c6 dang:

Vi=s5 (19)
vl =8,(PX, + KX, +kX%;) (20)

Str dung luat tiém cém theo cép s6 nhan, ta co:
= —K;5, —&15gn(s1),K; > 0,6, >0 (21)

Vi bod didu khién truot thong thuong s, = slsgn(sl) con khi st dung luat tiém can, ta thém
thanh phan —K;s; dé ting toc do tién vé mat truogt (51, tién vé 0 nhanh hon so véi bo diéu khién
thong thuong) ngoai ra —K; s; gitp lam giam thanh phan &; dé giam bét hién twong rung.
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V6i K, & 14 hang s6 duong. Tin higu diéu khién 4o thu dugc:

1
X3 = —k—((kl + pl)xz + Klsl + glsgn(sl)) (22)

2
Thay tin hiéu diéu khién a0 (22) vao (20) ta dugc:
V, =8, (-&59n(s,) ~ K;,) (23)
Do \/l <0va V, >0nén dam bao tinh 6n dinh tiém can ctia dong luc hoc cham. Tiép theo, dé
thiét ké bo dic¢u khién cho dong lyc hoc cham, ta sit dung mat trugt (18) véi ham Lyapunov dugc
chonla: V, = %Szz . Dao ham cua V, theo thoi gian ta dugc:

V, =55, (24)
V, =S, (—P,% — X, +K,X, + KX, + (P, +K; )X, +7,6) (25)
Str dung luat ti€ém can theo cép sb nhan, ta c6:
s, =—K,s, —&,50n(s,), K, >0,¢&, >0 (26)
Tuong ty nhu cong thirc (21), voi ludt tiém cén, ta thém thanh phan —K,s, dé hé c6 dap ting
nhanh hon va gidm bdt hié€n tugng rung so véi bd di€u khién trugt thdng thuong.
V6iK,, &, 1a hang sé dwong. Tin hiéu diéu khién thu duoc:

1 ..
§=—(—p2x3 — X%, + K, X, + ko Xy + (P, + K )X, + K8, +gzsgn(sz) 7)
2

Thay tin hiéu diéu khién (27) vao (25) ta duogc:
vz =S5, (~&,50n(s,) — K,s,) (28)

Do V, <0va V, >0nén dam bao sy on dinh cua hé théng. Dé han ché hién twong rung, ham

bao hoa sat(s) dugc thay thé cho ham sgn(s).
3. KET QUA MO PHONG

bé t}ng:c hién mé phong dbi tuong xe trén Matlab/Simulink ta st dung cac théng sé xe nhu
sau: khoi lugng xe (m): 1500 kg; van toc doc cta xe (V, ): 20 m/s; Moment quén tinh (1,): 1350
kgm?; khoang cach tir trong tAm xe téi banh trudc (1;): 1.5 m; khoang cach tur trong tam xe tdi
banh sau (I, ): 2 m; d§ cing cua banh trude (C_; ): 55 kN/rad; d9 cling cua banh sau (C_, ): 120
KN/rad.
3.1. Xdy dung dwong chuyén lan tham chiéu

Nhiéu nghién ctru khac nhau da dugc thyc hién dé thiét ké duong chuyén lan cua xe ty hanh.

Mot trong nhitng phuwong phap phd bién dé xdy dung duong chuyén lan 1a st dung ham da thirc
bac 5. Phuong trinh (29) chinh la quy dao chuyén lan cua xe:

y(t)=at® +bt* +ct® +dt* +et + f (29)

Do liic bét dau va két thic chuyén lan, xe di chuyén trén mot duong thing nén gia téc va van
toc bén bang 0, ta dugc hé phuong trinh (30):

y't:ti =0, y't:ti =0, y't:tf =0, y't:tf =0 (30)

Véi t, =0sva t, =10s1an luot 14 thoi diém bét dau va két thic qua trinh chuyén lan. Vi tri
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bén khi bat dau va két thac qua trinh chuyén lan 1an luot 13 y=0(m) va y=3.75(m). Ta c6 hé
phuong trinh (31):

y|t:ti =0, y|t=tf =3.75 (31)

Giai hé phuong trinh (30) va (31) ta thu duoc phuong trinh quy dao chuyén lan mong mudn
cua xe:

y=2,25.10"t> -5,625.10°t* +0,0375t°

3.2. Két qua mé phéng va nhan xét

(32)

0 ——y desired | 0.01 - ———, conventional SMC ]
= = y SMC with reaching law - — ¢ SMC with reaching law Rl
= ===y conventional SMC —-
-1r 0 == [ ]
1 \:: ~ . . "/f‘
E E \\‘ S~ - o I e - /i
=t = 001+ \ -—7 ‘ |
- o \\ l,
"\ J
\ 4
3t .02+ L
\‘ /,
\~\‘_-‘/o
41 ‘ ‘ ‘ ] -0.03 - | | 1
0 2 4 . 6 8 10
time (s) 0 2 4 time (s)6 8
Hinh 2. Vi tri bén cuia xe khi sir dung Hinh 3. Sai léch vi tri so vdi gia tri dat.
2 bg diéu khién.
0.015 : = SMC with reaching law
Conventional SMC
0.01 .
0.005 .
-g
0 L 4
-0.005 .
-0.01 ' . :
-0.03 -0.02 -0.01 0 0.01
€1

Hinh 4. Quj dao pha cia hai bo diéu khién.

Hinh 2 cho thdy, quy dao cia xe khi sir dung bd didu khién trugt théng thudng va bo diéu
khién duya trén luat tiém can, ca hai déu bam theo qu§ dao mong mudn. Nhung sai s6 vi tri ctia bo
diéu khién méi so v6i gia trj dat nho hon bo diéu khién thong thuong & hinh 3. Diéu nay la do
quy dao pha cuia hai bo diéu khién & hinh 4 cho thdy bo diéu khién méi co tdc do tién vé mit
tregt nhanh hon. Ngoai ra, hinh 4 ciing cho théy ¢6 hién tuong rung khi sir dung bo diéu khién
trugt thong thuong.

Tuong tu véi vi tri bén, gbc xoay than xe cua 2 bo diéu khién ciing bam khé tdt theo gia tri
dit, bo diéu khién méi ciing c6 sai sé nho hon diéu khién trugt thong thudng c6 thé thiy trong
hinh 5 va hinh 6.
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——— o desired 4 _>< 10 T T T n|
0 = = - SMC wi.tl_\ reaching law /_,---.\\ ———-, conventional SMC
-0.005 |z conventional SVE 1 / “w|= = ¢, SMC with reaching law
0.01 | ] s ~ 1
—_ _— —_ —
= 0,015 : g |/ et T TN T~ L
\’:‘,_0027 | E gk -- \\ T —
9 T o *, /
-0.025 N, /
&
-0.03 \ / | 27 1 A — K
-0.035 — N
4L I | J
2 4. 1 0 2 4 . 6 8 10
0 time (s) 6 8 0 time (s)
Hinh 5. Goc xoay than xe khi Hinh 6. Sai léch gdc xoay thin xe
s dung 2 bo diéu khién. S0 voi gida tri dat.
%107

time (s)
Hinh 7. Pau vao diéu khién ciia bé SMC va SMC két hop ludt tiém cdn.

Hinh 7 thé hién rd nhat hiéu qué cua b didu khién truot dya theo luat tiém can so v&i bo didu
khién trugt thong thuong. Tin hi€u goc lai cua bg dicu khién cli dao dong qué nhicu, dicu nay
dan dén no6 khong thé st dung trong thuc t€ vi khong c6 co cau chap hanh nao cua xe c6 thé dap
ung dugc voi su thay doi goc 1ai nhanh nhu vay. Con bd diéu khién mdi, tin hiéu goc 14i ¢o6 tan
s0 thay doi nhoé hon nhicu.

4. KET LUAN

Trong bai bao nay, véi viéc str dung ham da thirc bac 5 va cac rang budc déng luc hoc cua xe,
dudng chuyén lan danh cho xe di dugc thiét k& Mot bo diéu khién méi sir dung bo didu khién
truot két hop véi luat tiém can theo cép s6 nhan da duoc dé xuét. Tinh 6n dinh cta bd diéu khién
da duoc chimg minh bang cach chon moét ham Lyapunov thich hop va ching minh, phan tich do
on dinh cta nd. Mo phong cua bai bao nay da duoc thuc hién trén Matlab/Simulink, tao ra mot
mo hinh déi trong ddy du dé nghién ciru. Cac két qua mé phong thu dugce chi ra viée chuyén lan
ctia bo diéu khién dugc dé xuét tdt hon so v&i bd dicu khién trugt truyén théng.

Loi cam on: Nghién ciru nay dwoc tai tro boi Pai hoc Biach Khoa Ha Ngi (HUST) trong dé tai md sé
T2022-PC-003.
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ABSTRACT

Lateral control for the autonomous vehicles using a sliding mode controller
based on exponential reaching law

This article presents lateral dynamics control for the autonomous cars by using a

sliding mode controller based on the exponential reaching law to avoid the chattering
phenomenon of conventional sliding mode control. Following the model reduction
approach, the slow and fast dynamics of the system are separately controlled using the
proposed control technique. The stability of the system will be proved by defining the
Lyapunov function and based on the Lyapunov stability theorem. The performance of the
proposed control technique is better than conventional sliding mode control, control input
is smooth to guarantee actuator can respond realistically. The simulation results of
steering angle and path tracking are illustrated and compared in Matlab/Simulink.

Keywords: Lateral control; Autonomous vehicle; SIMO system; Sliding mode controller; Reaching law; Automatic
lane change; Lyapunov-based controllers.
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