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D!fU KHIEN CHUYEN LAN XE DAU KEO SO MI RO MOOC
BANG BO DIEU KHIEN TRUQT TANG
KET HOP BO QUAN SAT TRANG THAI MG RONG

EXTENDED STATE OBSERVER BASED HIERARCHICAL SLIDING MODE CONTROL FOR TRACTOR-SEMITRAILERS
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TOM TAT

Trong bai bao nay, mdt md hinh toén hoc ba bac tu do xem xét dng luc hoc
ngang clia xe dau kéo s mi ro mooc dugc xay dung dudi tac dong cta nhiéu moi
trudng. Bén canh d6, bo diéu khién trugt tang ciing véi bd quan sét trang thai
mé rong duoc ap dung cho xe dau kéo sa mi rg mooc thutc hién viéc chuyén lan
d6i va bam quy dao mt cach an toan. Thdng qua cac md phdng kiém chiing trén
Matlab/Simulink khi so sanh véi bd diéu khién trugt ting thong thuting, cau tric
diéu khién dé xuat da dong thai dap ting viéc bam qui dao tét hon va git 6 dinh
tot han cho phuong tién dudi moi truong nhiéu tac dong.

Tirkhod: Xe ddu kéo so miromooc, diéu khién trugt tdng, bd quan sdt trang
thdi md rong.

ABSTRACT

In this paper, a three-degree-of-freedom model considering the lateral
dynamics of a tractor-semitrailer is developed under the influence of
environmental disturbances. Additionally, a hierarchical sliding mode
controller combined with an extended state observer is applied to ensure the
tractor-semitrailer performs double lane changes and tracks its trajectory
safely. Through validation simulations in Matlab/Simulink, the proposed
control structure, when compared to conventional sliding mode controllers,
demonstrates both better trajectory tracking and improved stability of the
vehicle under the influence of disturbances.

Keywords: Tractor-semitrailers, hierarchical sliding mode control,
extended state observer.
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1. GIGI THIEU

Trong nhitng nam gan day, nén giao théng van tai
dang rat uu chudng cac phuong tién kiéu dau kéo so mi
ré mooc bdi vi ching c6 chi phi van tai thap, mang tai
trong 16n va cé thé dugc sir dung linh hoat véi nhiéu
muc dich khac nhau [1]. Xe dau kéo so mi ro mooc gom
moét dau kéo va mét so mi ra mooc dugc ndi qua khép
trung gian [2]. Do cau truc phtc tap, khoi lugng 16n va
chiéu dai than xe dang ké ma khi di chuyén & téc do cao,
dong xe nay rat dé gap cac tai nan do mat 6n dinh theo
phuang ngang, vi du nhu dao dong sG mi rg mooc, gap
than xe, va 1at xe [3]. Chinh vi thé, dé lam gidm s8 vu tai
nan nguy hiém thi viéc nghién ctu vé hé théng an toan
cho dong xe nay la vé ciing quan trong. Trong sé cac
nghién ctu da co, hau hét viéc git 6n dinh ngang cho
phuang tién nay thong qua danh lai so mi ra mooc, hoac
danh l3i ca xe dau kéo va so mi ra mooc [4]. Tuy dat dugc
hiéu qua tét hon trong viéc gitr 6n dinh ngang, viéc thiét
ké danh 1ai cho so mi ro mooc doi héi dé phuc tap cao
khi thiét ké ca khi cho phuong tién. Trong khi do6, s6 it
cac nghién ctu tap trung vao nghién ctu diéu khién
danh lai xe dau kéo. B6 diéu khién téc d6 dugc ap dung
cho dong xe dau kéo nhiéu khdp néi [5]. Cac diéu khién
cht déng cho phuaong tién dugc thuc hién trong nghién
clu [6, 7]. Tac gid Deng st dung b diéu khién trugt vai
mo hinh nhin trudc 4p dung cho xe dau kéo va bé sung
tin hiéu cho chuyén déng clia s6 mi ré mooc théng qua
diéu khién mg [8]. C6 thé noi rang cac nghién cdu trén
déu chi tap trung thiét ké diéu khién bam quy dao va
xem xét dao dong clia phan s mi rd mooc qua cac diéu
khién khéc. Chinh vi vay trong nghién ctu nay, tac gia
dé xuat viéc st dung diéu khién trugt tdng nham dam
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bdo phuaong tién viia bam quy dao va viua kiém soat
dugc dao déng clia phan so mi rd mooc.

Bén canh do, dé lam gidm nhiéu trong thuc té tac
dong lén phuong tién, nghién cdu nay da st dung bo
quan sét trang thai mé rong [9] nham udc lugng va xt li
nhiéu bat dinh nhdam nang cao d6 tin cdy ctia thuat toan
diéu khién.

C4u trdc clia bai bao nhu sau: Muc 2 xay dung mé hinh
dong luc hoc phuong ngang ctia xe dau kéo sa mi ro mooc,
Muc 3 thiét ké thuat toan diéu khién truct tang két hap bd
quan sat trang thai ma rong, Muc 4 thuc hién kiém ching
thuat toan diéu khién dé xuat théng qua mé phoéng
Matlab/Simulink va thao luan két qua mé phong, Muc 5 két
luan bai bdo va mé ra cac hudng nghién cliu tuong lai.

2. MO HINH DOI TUQNG
2.1. Cac gia thiét ban dau

D& xay dung md hinh ddi tugng, mé hinh xe dap
(Bicycle model) dugc s dung, day la md hinh dugc su
dung trong rat nhiéu cac nghién ctu [10, 11]. M6 hinh xe
dap gop 2 banh xe phia trdi va phai thanh mét banh
tuong duong & gilia va bd qua chuyén déng lan cta déi
tugng. Khi xay dung mo hinh d6i tugng cac gia thiét sau
dugc thiét lap:

Gia thiét 1: B4 qua chuyén déng theo phuong ding
truc va phuaong doc truc clla phuong tién. Nghién clu
tap trung vao chuyén dong theo phuang ngang cutia ddi
tuong.

Gia thiét 2: Do trong diéu kién van hanh trén mat
dudng 6n dinh, van téc theo phuong x la hdng s6 va goc
danh 1ai nho hon 10 d6 nén gia thiét mé hinh I6p la tuyén
tinh véi do cling 16p 1a hang s6.

Gia thiét 3: Van téc doc truc clia phuong tién bang
hang s6 v = 72km/h.

Cac théng sé ctia phuong tién nhu sau: khéi lugng xe
dau kéo m; = 5760kg, khéi lugng so mi ro mooc
m, = 6640Kkg, cac khoang cach gilia trong tam xe dau
kéo 0, véibanh trudc va banh saulanluotlaa; = 1,1(m)
va b; = 2,39(m). Khoang cach giira trong tam so mi ro
mooc 0, v&i diém ndi va truc banh sau lan luot la
a, = 5,21(m) vab, = 3,28(m). Moment xoay cla xe dau
kéo va so mi ro mooc lan luot 1a I,; = 34823(kgm?) va
I,, = 179992(kgm?). Khodng cach ti tam O, téi khép
ndila c = 1,64(m). Hé s6 cling clia cac 16p bang nhau va
bang C; = C, = C3 = —223281 (N/rad).

2.2, Xay dung phuong trinh

Hinh 1 m6 ta xe dau kéo sa mi rd mooc. Hé th6ng gom
2 truc xe phia trudc clia xe dau kéo, va phan than sau gém
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1 truc cia s6 mi ro mooc. SG mi ré mooc dugc ndi vai xe
dau kéo thong qua khép néi. Day la dang mo hinh xe dap
hay m6 hinh mot vét véi 1 cau xe chi bao gém 1 banh o
dugc dat & vi tri trung diém cda cau xe. G day, w; va B,
lan lugt la téc do xoay va goc trugt clia xe dau kéo, 0 la
géc khdp néi gilra xe dau kéo va sa mi ra mooc, &8¢ la géc
danh l4i banh trudc clia xe dau kéo. Fy,y, la luc lién két tai
khdp néi. Fyq, Fy, Fys lan lugt la luc cac I6p theo phuong
ngang. ay;,ay; la gia téc theo phuong ngang tai cac
trong tam clia xe dau kéo va so mi ré mooc.
Fye

Hinh 1. Xe dau kéo so mi ro mooc

SU dung dinh luat Newton va dinh luat bao toan
moment, ta c6 hé phuong trinh sau:

mjay; = Fyq cos6¢ + Fyp — Fyy

myay, = Fyz + Fy cos 0 a
1
121031 = Fylal CoS Sf + thC - Fy2b1

122(152 = thaz Ccos 9 - b2Fy3

Bién d6i hé phuang trinh (1) két hgp véi cac gia thiét
ban dau, m6 hinh trang thai ctia xe dau kéo so mi ra mooc
nhu sau:

x = Mx + N& + d (2)

Trong d6, x = [wy, By, 6, 8] Ia cac bién trang thai, &; I
bién diéu khién, M va N Ian luot 1a ma tran trang thai va
matrandaura. d = [d;; dy; ds3; 0] lanhiéu méitrudng
tac dong vao hé théng. Dat:

M =A"B
N =A1p

Trong d6, A, B va P la ma tran hé sé nhu sau:

3)
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IZl m1CV 0 0
Csz(a, +b
—-my(a; +c¢) (my+my)v —mya, M
A v (4)
—Czazb, — C3b3
I mja,v I v
0 0 0 1
a?C, + b3C, + Cya c — Cyb4c
1 172 v1 ! 21 + mycv —Ci(@;+c)+Cy(by—c) O 0
—-Cia; +C,b;+C3(@ay, +b, + ¢
B = | MV +m,v + 171 21 v 3( 2 2 ) _(Cl + CZ + C3) 0 C3 (5)
C;a;a, — C;bya, + C3by(ay; + by + ¢
mya,v — 17172 2 172 v 3 2( 2 2 ) —(Claz + Czaz - Cgbz) 0 —C3b2
L 0 0 -1 0
P = [_Cl(al + C) _Cl —C1a2 O]T (6)

3. THIET KE PIEU KHIEN

Xem xét moé hinh trang thai trong phuang trinh (2), m6
hinh clia phuong tién chiu tdc ddng ctia nhiéu méi trusng
nhu 1a gié hay luc ma sat. Cac nhiéu nay c6 thé lam giam
chat lugng diéu khién ctia hé théng. Do d6 bd quan sat
trang thai m& rong dugc thiét ké nham uéc luogng gia tri
nhiéu bat dinh nay. Bén canh d6, bo diéu khién trugt tang
dugc thiét ké dé giam dong thai sai léch vi tri ctia phuang
tién va giam géc n6i @ nham dam bao bao phuong tién
bam quy dao va gilr 6n dinh ngang.

3.1. B quan sat trang thai mé rong

B6 quan sat trang thai ma& rong dugc thiét ké cho doi

tugng nhu sau:

&7 = ML IR+ NS, +; + 2 (01— &)

di = L (01— &)

Br = M(2, 9%+ N@)8; + & + =22 (B, - )

d, = "2 (81 F1) )
6—x(3)+ —(e 0)

8 = M(3,)% + N(3)8; + d3 + —(9 0)

—~ o

d; = = —(0-9)

Muc tiéu clia bo quan sat la udc lugng cac gia tri trang
thai ® va cac trang thai nhiéu d. Vai thiét ké nhu hé (7),
tinh 8n dinh clia bd quan sat dugc kiém ching va ching
minh trong [9].

3.2. Bo diéu khién trugt tang

Khac véi bd diéu khién théng thudng, bé diéu khién

dé xuat st dung céc trang thai udc luogng ti bo quan sat
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trang thai. Cau trdc diéu khién dugc thé hién nhu hinh 2,
trong désailéche; (i = 1,2, 3) la sailéch gilra trang thai
thuc té va gia tri dat. Cac mat trugt bac mét dugc xay
dung bang téng cac sai léch va nguyén ham clia chung,
va mat truct bac hai bang téng ctia ba mat trugt bac mot
VGi cac trong s6 tuong ung.

[

€ =Wy — Wy

e;=6-8,

S=uas; +bs; +cs3 ]

Hinh 2. Cau triic diéu khién truot ting
Ap dung luat diéu khién trugt tang két hap véi bo
quan sat trang thai mé rong, luat diéu khién dugc tinh
toan nhu sau:
1
% = INCD + bN(2) + oN(3
— cF3 — kS — esign(g))

y (-aFy — bE

Trong d9¢,
F; = M(l,)ﬁ"‘ (/l; - (1)'11- + Cl((l/)\l - wlr)
F; =M(2,:)X+ a; - Blr + CZ(E - Blr)

B =M@G3,:)%+d; + c30.

Va a, b va cla cdc hang s6 duong. w,, B1, lanluctla
céac gia tri toc d6 xoay mong muén va goc trugt mong
mudn clia xe dau kéo.

3.3. Chiing minh én dinh

Chon ham Lyapunov nhu sau:
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1
Q2 9

\% > S 9)

DPao ham theo thdi gian ta dugc:

V = S(as; + bs;, + cs3) (10)
Thay thé tin hiéu diéu khién trong (8) ta dugc:
V=s(a(F, - F) +b(F, - F;) + c(F, - Fy)

-kS- esign(g))
< —kS§%2— |S — S§|kS — Sesign(S)
— |S — S|esign(S) + S[L(x an

- %) + a(d; — d;) + b(d,
— @) + c(d; - d3)]

+|S - §|[L(x — ®) + a(d,
— dy) + b(d; — d) + c(ds
— d3)]

Trong d6 L 1a ma tran hang s6 1x4 da dugc xac dinh.

Do tinh chat clia b6 quan sat da dugc xay dung, khi
£ - x,d; - dy,d; - dy,d; = dj thi §[L(x—f() +
a(d; —d;) +b(dy —dz) +c(dz —d3)] +|S —
S|[Lx—2%) +a(dy —dy) + b(d, — d;) + c(d3 — d3)]
bi chén va rat nhé. Do d6, V < 0, hé théng 6n dinh theo
ly thuyét 6n dinh Lyapunov.

4. MO PHONG

Kich bdn mé phong: Xe dau kéo sa mi ro mooc di
chuyén & t6c d6 cao véi van tdc v = 72km/h. Xe thuc hién
viéc chuyén lan doi theo quy dao dat nhu & dudng mau
den nét dut trong hinh 3 va cé cong thiic nhu sau:

Xg = vt
yq = 1,75[tanh (1,5t — 6) — tanh(11,5t
— 16,5)]

Dudi su tdc dong cdia nhiéu bat dinh c6 thé ké dén nhu
nhiéu do ma sat va gio, cac tin hiéu nhiéu bat dinh dugc
cho nhu sau:

d, = 0,75sin(t) — 0,5cos(t/2)

(12)

d, = 0,25sin(t) + 0,5cos(t) (13)
d; = 0,5sin(t) + 0,75cos(3t/2)
4= ; 3
—HSMC

= m— HSMC + ESO

'-E’ 3 == Quy dao dat

&

=

=

0 2 4 6 8 10 12 1.4 16 1.8 20
Thei gian (s)
Hinh 3. Qu§ dao phuang tién
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== HSMC
— HSMC + ESO

Goc danh 14 (do)
o

0 5 10 15 20
Thoi gian (s)

Hinh 4. Gc danh [di phuong tién

40 : ;
_ —HSMC + ESO
. == HSMC
&S
o
g0
K~
8-20
0
40 : :
0 5 10 15 20
Thoi gian (s)
Hinh 5. G6c khép ndi
10 T T
3 —HSMC + ESO
I == HSMC
5 i
:-’C}
=gl
3
5
10 ' ‘ - : ‘
o 2 4 B 8 10 12 14 16 18 20
Thoi gian (s)
Hinh 6. Toc d0 xoay xe dau kéo
1 E: -~ | ”
W /\\ ~ F
LA i i .
0 Y i s
3O Rt T L
i i ==Nhiéu quan sat
) N e Nhidu thyrc t
0 5 10 15 20
Thoi gian (s)
Hinh 7. Nhiéu d
1
-~ P P i)
O A N
==Nhieu quan sat
-1 ‘ ‘ Nhigu thye t&
0 5 10 15 20
Thoi gian (s)

Hinh 8. Nhiéu d,
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1 ~ —=Nhiéu quan sat
N .'"\ ‘/ \ '/‘\ -===Nhiéu thuc t& |
o 5 A
'g ol \\ JI/ ‘\ :I \\ t, \._// \\ /
“ \\’/ \‘ /,! \\.4/
-1 N.
0 5 10 15 20
Théi gian (s)

Hinh 9. Nhiéu d;

Nhéan xét: Thong qua cac két qua moé phong gitra bo
diéu khién trugt thong thudng va bé diéu khién trugt két
hop véi bo quan sat trang thai, nhu quan sat & cac hinh 3
dén hinh 9, ta c6 thé dua ra hai nhan xét. Thi nhat, bd
diéu khién trugt tang HSMC két hop bé quan sat ESO cho
khd nang bam lan va gir 8n dinh clia phuong tién tét han
bo diéu khién trugt tang HSMC thong thudng. Thir hai do
la bo quan sat ESO da quan sat cac nhiéu mét cach chinh
xac. Cu thé nhu hinh s 3 HSMC+ESO giup sai s6 xac lap
vi tri ngang la nho hon nhiéu so véi HSMC ¢c6 d6 vot 16
sang lan 2 xap xi 0,5m (gia tri xap xi 4m so vdGi gia tri dat
3,5m). G hinh 4, géc danh lai ctia bd HSMC + ESO ¢6 dugc
su diéu chinh nho vé bién dé nham lam gidam anh hudng
cta nhiéu, diéu nay dan dén két qua bam quy dao t6t hon
va kiém soat goc xoay than xe tét hon clia bo diéu khién
dé xuat so vdi bd diéu khién HSMC théng thudng. Trong
khi d6, nhu & hinh 5, géc khép néi van gilt dugc én dinh
khi ap dung ca hai b6 diéu khién. Trong hinh s6 6 t6c do
xoay dau xe kéo cling nhd hon tai cac diém cuc tri thay
déi hudng clia goc quay, diéu nay lam chuyén déng dau
xe bét thay déi gap hon. Ngoai ra, cac hinh 7, 8 va 9 cho
thay kha nang udc lugng chinh xac nhiéu dau vao ctia bo
quan sat ESO.

5. KET LUAN

Trong bai bao nay, mot bé diéu khién trugt tang dugc
thiét ké nham dam bao dong thoi viec bam quy dao
chuyén lan va gitt 8n dinh cho xe dau kéo sa mi ro mooc.
Ngoai ra, tac giad st dung thém bd quan sat trang thai
nham uéc lugng chinh xac nhiéu tac doéng, tir d6 cho ra
hiéu qua diéu khién tét hon, ddm bado bam quy dao tét
hon va van gilrsu én dinh cho phuang tién so véi phuong
phap diéu khién trugt tang théng thudng. Toan bo cac
md phoéng va kiém ching dugc thuc hién qua
Matlab/Simulink nham chiing minh su hiéu qua cda thuat
toan diéu khién dé xuat. Trong cac hudng nghién ciu
tuong lai, tac gia sé tiép tuc nang cao chat lugng diéu
khién cia bo diéu khién va bo quan sat.
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