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TOM TAT

Bai bdo trinh bay kha ndng kiém sodt dong hoc bén ciia xe 6 t6 tw hanh dudi sw tac dong ciia
viéc thay doi thong sé mé hinh va dnh hwéng ciia méi trieong bang viéc sir dung diéu khién trueot
(SMC) két hop bé quan sdt trang thdi mé réng (ESO). M6 hinh dong lwc hoc cia xe dwge xdy
dung dudi sw tic dong ciia nhiéu bat dinh va anh hwéng tir méi truong ngodi. Ngodi ra, bang
viée dp dung phwong phdp giam bdc mé hinh, dong hec hoc nhanh va chdm ciia doi tirong diege
trinh bay. Tir d6, chién lwoc diéu khién gom hai phan: ddu tién la diéu khién vi tri ngang truc
ciia doi twong va phdn thir hai la diéu khién goc ldi dya trén sy sai léch trang thdi goc xoay.
Nghién ciu nay dé xudt bo ' quan sat ESO két hop véi SMC dya trén Constant Rate Reaching
Law dé quan sat gia tri nhiéu, dam bdo su bén viing va giam hién twong Chattering. Tiéu chudan
on dinh Lyapunoy va Hurwitz dwoc dp dung dé chirng minh su on dinh cuc bé va toan cuc ciia bg
diéu khién khi két hop véi bo quan sdt. Cuéi cing phan mém Matlab/Simulink dwoc sir dung dé
mé phéng va kiém chirng si bén viing, hiéu qua va tinh kha thi ciia hé thong dwege dé xuat.

Tur khoa: Xe 6 t6 ty hanh; Dong luc hoc bén; B quan sat trang thai mo rong; Constant Rate Reaching Law.
1. MO PAU

Nghién ciru xe ty hanh 1a mot linh vuc dang phat trién, tuy nhién, bén canh nhiing tién bo ciia
xe tu hanh van con mot s6 thach thirc 1ién quan dén né gdm dam bao an toan cho hanh khach, tiét
kiém chi phi hoat dong va kha nang hoat dong trong cac mdi truong khac nhau. Bén canh do, kha
nang diéu khién cua xe ty hanh 13 v6 ciing quan trong, do d6, van dé chinh cua xe ty hanh 1a tinh
on dinh cua xe va kha nang ty lai dé dat dugc muyc dich hiéu qua, chinh x4c. Kiém soét theo ddi
duong di 1a moi quan tm chinh d6i v6i xe ty hanh trong qua trinh chuyén dong. Diéu khién theo
ddi duodng di cho phép xe di theo quy dao mong mudn bang cach diéu chinh chuyén dong bén va
doc cuia xe. Mot s6 hé thong diéu khién da dwoc dé xut nhu diéu khién du doan [1], diéu khién
ché @6 trugt [2]. Bai viét nay tap trung vao thiét ké hé thong diéu khién cho dong luc hoc bén cua
xe tu hanh di chuyén trén dudng cong. biéu khién bén cho xe 1a mot nhiém vu khoé khan do dong
luc hoc phuec tap, co6 nhiéu thiét ké diéu khién cho dong luc hoc bén cua xe tu hanh dugc dua ra
bao gom LQR [3], PID [4], Feed-Back Linearization [5], Backstepping [6].

Cac xe ty hanh dugc mdé hinh hoa véi mé hinh xe dap 3 bac tu do (DOF). Vi gia dinh dong
luc hoc theo chiéu doc duge diéu khién bing bo diéu khién riéng thi mé hinh hé thdng duoc
giam xuéng 2 DOF tirc 1a vi tri bén va géc xoay. Tu do, md hinh xe tu hanh tré thanh mot hé
théng mot ddu vao nhiéu dau ra voi dau ra 1a goc xoay va vi tri bén. Theo kinh nghiém, trong qua
trinh xe ty 11, vi tri bén 1a trang thai cham va goc xoay la trang thai nhanh. Vi vay, dong luc hoc
bén ctia xe tyr hanh c6 thé giam xudng thanh dong lyc hoc cham va nhanh. H¢ thong nay thudng
duoc diéu khién bang bo diéu khién energy-based [7], bo diéu khién théng minh [8], bo diéu
khién phan cip [9]. Bai viét nay sir dung phuong phap giam mé hinh dya trén tinh chit nhanh va
cham cua dong lyc hoc bén cia xe ty hanh. M6 hinh hé théng duogc rut gon thanh hé théng con
nhanh va chdm véi vi tri bén c¢6 dong luc hoc cham va vi tri goc xoay c6 dong luc hoc nhanh.
Diéu nay cho phép thiét ké hai bo diéu khién con v6i mot dau vao diéu khién chinh va mot dau
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vao diéq khién phu nham giam sy phuc tap cua hé thong diéu khién. Sy 6n dinh cua hé thong
dicu khién dugc kiém chirng bang phan mém Matlab/Simulink.

Ngoai ra, mét trong nhitng han ché khi thiét ké bo diéu khién 1a sy ton tai ctia cac thanh phan
bat dinh va anh hudng tir mdi truong ngoai. Pé xir Iy van dé nay, bd quan sat trang thai mo rong
(ESO) [10] dugc st dung dé quan sat chinh x4c céc trang thai cua xe, tir d6 tang tinh 6n dinh cua
hé thong dle‘u khién. Bé cuc cac phan‘con lai cua bai bdo nhu sau: Phan 2 trinh bay mo hinh xe
tu hanh; Phan 3 trinh bay hé thong di€u khién dé xuat va so sanh véi bd di€u khién SMC thong
thuong bang phan mém mo phong Matlab/Simulink; Phan 4 két luan bai bao.

2. MO HINH XE TU HANH

Trong ph?m nay, mo hinh dong lyc hoc bén cua mot chiécvxe 4 banh ty hanh voi hé théng
banh lai trudc d_}xqc trinh bay. M6 hinh xe dap dugc su dung dé tao ra mé hinh phuong tién don
gian hoa. Chuyén dong ctia xe ty hanh trén dudng cong bi anh huong dang ké boi tuong tac voi
dia hinh nén tac dong cia lyc nay dugc dua vao mo hinh.

Céc thong s clia xe sir dung trong bai dwgc cho nhu sau: M =1500kg 1a khéi lugng ctia xe;
J =1350kgm? 1a momen quén tinh cta xe theo truc Oz; d . =1.5m la khoang cach banh trudc
dén trong tam xe; J, =2m la khoang cach banh sau dén trong tam xe; C_lf =55kN/rad 1a do
ctng 16p trude; (_Zr =120kN/rad 1a d6 cimg 16p sau.

2.1. M6 hinh dong luc hoc bén

Khac v6i chuyén dong trén duong thang, tic dung ciia luc bén trd nén dang ké khi xe chuyén
dong trén duong cong. Chuyén dong cua xe trén dudng cong dugc mé ta trong hinh 1. Hé quy
chiéu Oxy la hé quy chiéu quén tinh, CG la trong tdm cutia xe, goc lai ciua xe dugc biéu dién bang
& va v,,v, lan luot 1a van toc cia xe theo phuong ngang, doc. Goc xoay cua xe la .
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Hinh 1. Chuyén déng cia xe trén quy dao cong [11].

2.1.1. Gia thiét ban dau

Gia thiét: ‘Céc luc tac dung 1€n 2 banh trudc va 2 bf’lnh sau c@a xe lan luot 1a nhg nhau. Nhu vay,
k!’li dua xe vé mo hinh xe dap thi lyc tac dung 1én moi banh gap do6i gia tri ban dau. Ngoai ra, van
toc cua xe theo phuong doc Vv, 1a khong doi. Tur do, xe tyr hanh dugc xem xét dudi 2 phuong
chuyén dong bén va chuyén dong xoay than xe tmg véi vi tri bén y va goc xoay than xe v .
2.1.2. Xay dung phuong trinh

Ttr gia thiét trén, phuong trinh dong luc hoc cua xe theo 2 phuong chuyén dong nhu sau

14 N.T. Diing, ..., N. D. Huy, “Biéu khién chuyén dong bén ciia xe ... quan sdt trang thdi mé rong.”
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. Fy+F, +F o1
j=—— vy = (d/Fy —dF,) €
Trong do, Fy,F, 1a luc twong tac giita 2 banh cua xe voi mdt duong, F, =mgsin(&)la luc
xudt hién khi mat duong nghiéng goc 6.
2.2. Luec 16p

Trong bai viét nay, mo hinh xe cia Dugoff duogc sir dung dé xéac dinh lyc bén cua lép xe. Pay
1a mot mo hinh thyc nghiém dua ra moi lién h¢ cho luc tuwong tac gitra xe va mat dudong nhu mét
ham ctia goc trugt va ty 1€ truogt.

Fy=2Ca;F,=2Cq, 2
Trong do, «, va a, lan luot 1a goc trugt cua 10p trude va goc trugt cua 16p sau [12]
V+d. v —d v
a, _s T4V, ar:_m 3)
VX VX

2.3. M0 hinh Affine
Tur cac phuong trinh (1), (2) va (3), m6 hinh dong lyc hoc bén cia xe tu hanh nhu sau
2(C,+C,) . (2(C,d,-C.d,)
o

X

.. . 2C, E
y=- +V, W +—0+—+4d,
m m

mv

' (4)
_2cidivcd?)  2cd,~Cd,) .
W= Y W — W y+ 3 o+d,

X X

Sai I¢ch vi tri bén va goc xoay than xe dugc xac dinh € =v, (1// -y ) +V; e =w—y,. Thay
vao (4), hé phuong trinh sai Iéch dong lyc hoc nhu sau:

¢ z_z(cf +cr)é1+ 2(c, +Cr)ez +[_2(Cfdf —Crd,)_vx}}d

mv, m mv,
2(C,d, —-C,d, 2C
- (Cd, )é2+ f5+d1+i
mv, m m ©)
. Z(Cfdf +Crdr2) . 2(Cfdf _Crdr) . 2Cfdf
€, =— €, — & + o
Jv, Jv, J
2(C,d, -Cd 2(C,d?+C.d’
+ ( f fJ r r)ez_ ( f \;V )l/./d_l/;d+d2

X
Ngoai ra, trong qué trinh xe chuyén dong, cac thong sb ciia xe dugc biéu dién dudi dang khong chéc
chin nhw sau: m=m+m, C, =C, +C,, C,=C +C,, J=J+J, d, =d, +d, d, =d —d.
Thay vao phuong trinh (5), hé phuong trinh sai Iéch dong luc hoc dugc viét lai nhu sau:

¢ :_2(cr%v+cr)él_ z(c:folniw—crdr)e_2 . 2(cfrﬁ+c,)ez . zn:f Sta
= T2, /32 ~ 3 _~A cd -Cd
6 2(cfdf_v+cro|r)éz 2(cfd;_v c:rczlr)el+(c:fdfjc:r r)e2 ©)
+261df 5+D,
J
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Trong do,

2(C,(d; +d)-C,(d, -d)) ) 2C, +C.) |,
==V, + yy+d +90———8€
mv mv

X X

am z(cf+cr)e 2(C,d, -C,d, +(C; +C,)d)
+

1 — 2T — €,

5 2(Cid,*+C,d’+C,(2d,d +d*)+C, (-2d,d +d ))
2=

N, € +d, @)
(Ci(d, +d)y’+C,(d, -d) ) _ 2(6@ ~C,d, +(C,; +C,)d)
- Wy + = 2
Jv, J
2(Cd, -C,d, +(C;+C)d)  (C;(d,+d)+C,d) 4]
- - 6 + _ S——8, -y
J 1 J 2 d
bat q, =e,,q, =€,,0, =€,,0, =€, , phuong trinh (6) dugc rit gon nhu sau
ql:q_z B B _ ®)
d, =k,d, +K,0; +Ks0, + 7,6 + @
s ©)

d, :lzthz +E5qz +Eeq4 +7,0+D,
2.4. Phuong phap giam biac mo hinh
O day, gia dinh dugc dua ra 13 ddu vao didu khién & duoc thiét ké sao cho dong luc hoc cua
(9) nhanh hon nhiéu so véi dong luc hoc cia (8), tirc la khi xe chuyén dong on dinh thi dau vao
diéu khién ctia h¢ (9) 14 & —0 nén q, sé tién vé gia tri 6n dinh T, trong khoang thoi gian ngan.
Hé dong luc hoc cham (8) duoc viét lai nhu sau:
Q1 =0,
4, =k,q, +k,0; + D,
Trong do, T, gﬁn nhu 6n dinh va dong vai tro dAu vao cho hé dong luc hoc cham.
D =¢ 'sz(% _q3)+iz3q4 +70
3. HE THONG PIEU KHIEN

(10)

Trong phan nay, bo diéu khién SMC dugc thiét ké cho d6i twong theo hai dau vao diéu
khién riéng biét 1an luot dap Gmg véi (9), (10) hoat dong tuong umg nhu cac hé théng nhanh va
cham. Ngoai ra, bo quan sat ESO cling dugc dua vao dé quan sat trang thai dbi twong va giam
s6 cam bién can thiét st dung trén ddi twong. BO didu khién SMC va bd quan sat ESO duoc
thiét ké nhu sau.

3.1. B diéu khién SMC két hop b quan sat ESO
3.1.1. B¢ quan sat ESO

Dua trén b quan sat ti€u chuén, V(’Yi’ trang thai quan sat 1a sai 1éch vi tri bén va sai léch goc
xoay than xe, bd quan sat ESO duoc thict ké cho (9) va (10) nhu sau:

16 N.T.Diing, ..., N. D. Huy, “Piéu khién chuyén dong bén ciia xe ... quan sdt trang thdi mé rong.”
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Ch_qz"'i(ql_eh)
&
) L S S - A
QZ:Dl"'quz"'kz 3+8_§(q1 ql)
1
[31:%((11_6]1) (11)

Muc tiéu ciia by quan sat 1a ¢, —¢,, G, =>0,, §; >0, 4, =>q,, D, >D,, D, —» D, véi
&,&, >0, a,a,,a, 1 cac hang s6 duong. Tinh 6n dinh clia bd quan sat dwoc chimg minh dyua
trén tiéu chuan 6n dinh Lyapunov va Hurwitz trong [10].

3.1.2. B$ diéu khién SMC
Khéc véi b diéu khién SMC théng thuong, bo diéu khién SMC duoc dé xuat sir dung cac
trang thai dugc quan sat tir bd quan sat ESO.
S =p0+0;
‘ » szzpz(%_qs)"‘%_as
~Ap dung luat diéu khién Constant Rate Reaching Law cho (12). Ham tanh dugc sir dung thay
thé ham sgn dé giam hién tuong Chattering trong hé thong. Pau vao diéu khién o tng véi hé
dong lyc hoc nhanh dugc thiét ké nhu sau

(12)

1 - 2 oA A ~ L & 3
o= _;7_(_ P,0; — s +K,G, + kG, + 4, ( P, +Ks )+K2 tanh(s,) + Dz) (13)
2
Va dau vao diéu khién phu @, tmg vé6i hé dong luc hoc cham
_ 1 . Y4B
0, = _E((kl + pl)q2 + K, tanh(s,) + Dl) (14)

Trong d6, K,,K, >0 thi hé on dinh tiém can Lyapunov. Ching minh: Véi (14) va (13), ham
Lyapunov dugc xac dinh: V, =0.5s7, V, =0.5s> . Tlr phuong trinh (12), (13) va (14)
V. =s,((p,+k)(a, —6,) + K; tanh(,) + D, - D,
<-$§K tanh($) + K, |5, | +(1D, = B, [+(p, + k)| d, ~ 6, )14, |
+#18,-$1(1D, =D, [+(p, + k)10, ~ 6, |)
==K, 1§ [+K, |8, =& | +(1 D, = By | +(p, + k) x| 6, — 6, )4, |
+|51_§1|(| D1_51|+(p1+|21)|q2_(j2 |>
V, =5, ((p, +Ke)(d — 6,) + ks (6 — ;) + k, (0, — 6,)—K, tanh($,) + D, - D, (15)
+(p, +ks)(, —4,) ]
+k5(Q3_Q3)+k4(q2_QZ)
+18, =8, 1((D2 = B, )+ ks (0 = 6) + K, (6 = 6) +(P, +K)(d — )

R R = _ +|D,-D,|+k - R
=_K1|52|+K1|52_Szl+((p2+ks)|q4_q4| I 2 2A| 5|Q3 nglsll
+k4|Qz_qz|

+|51_§1|(| Dz_[32|+(p2+|Zs)|Q4_qA1|+k5|Q3_q3|+k4|q2_QZ I)

<-§,K, tanh(8,) + K, s, =8, 1+1%, 1((D, - 5, )
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Do tinh chat cua bo quan sét, §, -q,, 4, = 0,, §; =0, G, >9,, D, >D,, D, » D, nén
v6i K, K, >0 thi h¢ théng diéu khién 6n dinh tiém can Lyapunov.
3.2. Cong cu, két qua md phéong

He¢ thong diéu khién dé xuit dugc mo phong trén phan mém Matlab/Simulink. Cac két qua
thu dugc ding & so sanh véi quy dao thuc té 1a w, =sech®(3t —60)—sech?(3t —35) va
yy =10(tanh(3t —35) —tanh(3t —60)). Xe di chuyén trong diéu kién mdi truong cé gié anh
huéng dén d¢ 16n gia tdc theo hai phuong 1a d, =3sin(t) +cos(t/ 2) va d, =2.5sin(t)—cos(t).

T
—y desired — , desired

201 T T T = = tySMC 10 = = 'yESO H
= = 'yESo == =1 ) SMC
151 T o5
B 2
: :
210 £
E IS
S 3
g
S
5 § 05k
0 4k
L L L L L Il L Il Il Il
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Thoi gian (s) Thoi gian (s)
Hinh 2. Vi tri bén ciia xe. Hinh 3. Goc xoay than xe.
161 e, SMC ‘ ‘ 1 0.25[-
—Cy ESO 0.2
4r = = e, Observer I i g o015k
~ 1.2F =
E £ oaf
é T § 0.05F
E 08 Z o
20 g
5 06 005
2 oaf 2 oat
5
%] &
0.2 7 015
(0]
0 -0.2.
0.2 i i i i i . -0.251
0 ;: 1‘0 1‘5 2‘0 2‘5 30 0 5‘3 1‘0 1‘5 2‘0 2‘5 30
Thoi gian (s) Thoi gian (s)
N . Y N LA . A
Hinh 4. Sai léch vi tri bén. Hinh 5. Sai léch géc xoay than xe.
—D, 100 T T T 1 -0

=== === D, Observer = = D, Observer

40 | | | | 1

20} T T T T n
0

201 | | | | 1

40} | | |

60} | I |

| | | | |
15 20 25 30 0 5 10 15
Thoi gian (s) Thoi gian (s)

Téng hop nhidu theo phuong Oy (m/s?)
o
Téng hop nhiéu theo phuong Oz (rad/s?)

I I I I
0 5 10 20 25 30

Hinh 6. Tong hop nhiéu tic dong lén xe theo Hinh 7. Tong hop nhiéu tac déng lén xe theo
phwong Oy. phuong Oz.
Céc thanh phan bt dinh ciia xe duoc xac dinh: m=150kg, J =60kgm?, Cf =2000N/rad ,

ér =5000N/rad, d=0.2m, #=0.087rad. Tham sé bd diéu khién dwoc chon nhu sau:
a, =6, a, =11, a,=6, g =0.027, ¢,=0.01, p, =12, p, =25, K, =0.05, K, =60. Dudi day la

18 N.T. Diing, ..., N. D. Huy, “Biéu khién chuyén dong bén ciia xe ... quan sdt trang thdi mé rong.”
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céc biéu do bicu dién trang thai cua xe theo thoi gian khi sir dung 2 b diéu khién SMC thong
thuong va hé thong diéu khién de xuat.

0.8

4 SMC [+

Goéc lai (rad)
°

Thoi gin ()
Hinh 8. Goc lai.
3.3. Két qua mé phéng va binh luin

Hinh 2 va hinh 3 trinh bay bd diéu khién dé xuat va bo diéu khién SMC thong thuong déu co
thé duy tri viéc 1ai xe bam theo quy dao mong mudn. Tuy nhién, so voi bo didu khién SMC thi
bd diéu khién dé xudt c6 hiéu suat cao hon khi c6 thé dép tmg quy dao trong nhiing khuc cua
hep. Hinh 4 va hinh 5 trinh bay sai 1éch vi tri bén va géc xoay than xe so vdi quy dao mong
mudn. Co thé théy sai 1éch vi tri khi str dung hé théng diéu khién dé xuat 1a nho hon so véi bo
diéu khién SMC thong thuong. Tinh chinh xac ctia bo quan sat ESO dugc thé hién qua hinh 4,
hinh 5, hinh 6 va hinh 7 khi cac gia tri quan sat bam sat voi gia tri thyc té. Hinh 6 va hinh 7 biéu
dién gia tri nhidu qua bo quan sat ESO bam sat gia trj thuc té cua chiing, tir d6 ting su chinh xac
ctia tin hiéu diéu khién va dam bao tinh 6n dinh cta hé thdng diéu khién.

Hinh 8 biéu dién tin hiéu didu khién diu vao hé thong khi sir dung hai bo diéu khién khac
nhau. Tin hiéu diéu khién khi sir dung hé thong diéu khién dé xuit muot ma va nho hon so véi
b6 SMC thong thudng, gia tri khoang 0.6 rad hop 1y trong didu kién thyuc té. N6i chung, hé thng
diéu khién dé xudt tot hon b diéu khién SMC thong thuong theo két qua md phong va phan tich
néu trén.

4. KET LUAN

Trong bai viét nay, hé thong diéu khién sir dung bo didu khién SMC két hop véi bo quan sat
ESO dugc thiét ké. Hiéu suét diéu khién duge danh gia dua trén két qua thu duogc tur phén mém
mo phong Matlab/Simulink va so sang v&i bd diéu khién SMC thong thuong. Két qua mo phong
cho thay hé théng diéu khién dé xuét tao ra tin hiéu diéu khién lién tuc va mugt ma, dong thoi bo
quan sat cho ra gi tri quan sat nhidu sat vé thuc té, tir &6 dan dén sai léch vi tri nho va dép tmg
duogc quy dao mong mubn. Tom lai, hiéu suét diéu khién cua hé théng diéu khién dua ra cao hon
bd SMC thong thuong.

DPoéng gop cua bai viét bao gdm: Xay dung mo hinh toan hoc cu thé cuia d6i tuong khi xét dén
cac thong s6 bat dinh va anh hudng tir méi truong ngoai; Kiém chung tinh 6n dinh cia hé théng
diéu khién sir dung bd diéu khién SMC két hop b quan sat ESO va so sanh v6i bd diéu khién
SMC thong thuong. Hudng di ciia bai toan didu khién trong twong lai s& xem xét cai tién bo diéu
khién va b quan sat dé tang tinh on dinh va sy chinh xéc.
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ABSTRACT

The lateral dynamics control of autonomous vehicles
using the sliding mode controller combined with an extended state observer

The article presents the ability to control the lateral dynamics of autonomous vehicles
under the influence of model parameter variations and environmental effects using Sliding
Mode Control (SMC) combined with Extended State Observer (ESO). The dynamic model
of the wvehicle is constructed considering uncertain disturbances and external
environmental influences. Furthermore, by employing model order reduction, both the fast
and slow dynamics of the object are delineated. Based on this, the control strategy
consists of two parts: firstly, controlling the lateral position of the object, and secondly,
steering angle control based on the deviation of the rotational state angle. This study
introduces an ESO observation unit coupled with SMC, employing the Constant Rate
Reaching Law to observe noise values, ensuring sustainability, and reducing Chattering
phenomena. Lyapunov and Hurwitz stability criteria are applied to demonstrate the local
and global stability of the control system when integrated with the observer. Finally, the
Matlab/Simulink software is utilized for simulation and verification, demonstrating the
sustainability, effectiveness, and feasibility of the proposed system.

Keywords: Autonomous vehicles; Lateral dynamics; State observer; Constant Rate Reaching Law.
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