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TOM TAT

Hé théng chong bo cimg phanh (ABS) la mét bg phdn quan trong dwege thiét ké dé duy tri lec
kéo ciia banh xe trong qud trinh phanh, tang cwong sw an toan cho xe bang cach ngan chan hién
tuong bo cirng banh xe. Nham ndng cao hiéu sudt cua hé thdng ABS, nghién ciru nay dé xudt mot
chién lwoc dzeu khién trieot toan cuc (GSMC) cdi tién. Cu thé, bé diéu khién ndy dwgc thiét ké dua
trén ludt tiép can ham mii mdi, givp loai bo thanh phan dwa bién trang thdi tién vé mdt trueot va
dam bao hiéu sudt manh mé cho qud trinh dap vrng cua hé thong 50 véi bé diéu khién truot (SMC).
ang thoi, bo quan sat trang thai mo rong (ESO) duoc sir dung két hop véi GSMC dé wée lwong
tong thanh phan bat dinh tac dong lén hé thong. Két qua mé phong da ching minh tinh kha thi
cia chién lege diéu khién dé xuat, givip dat do trweot banh xe mong mudn va giam thoi gian phanh.

Tiur khoa: Hé thong‘ chong b6 ctng phanh (ABS); Chién luoc diéu khién truot toan cuc (GSMC); Bo quan sat trang thai
mé rong (ESO); biéu khién trugt (SMC).

1.MO PAU

Hé théng chdng bo cing phanh (ABS) 1a mét trong nhiing thanh phan thiét yéu nhét trén cac
phuong tién hién dai nham cai thién sy an toan va chic chin cta xe v6i chie niang chinh 1a dé
tranh banh xe bi bo ctng khi phanh va tang hiéu suit phanh [1]. ABS hoat dong v6i hai muc dich
chinh va ciing tr¢ thanh hai yéu t6 quan trong béc nhét trong cac phuong tién ngay nay do la: tdi
uu hoa luc phanh dé dat duge hiéu qua t6i da va kiém soat cac luc tac dong 1&€n banh xe nham duy
tri d6 6n dinh cho tay 14i. Bé dap ing nhu ciu nay, rit nhiéu giai phap ap dung trén ABS di duoc
dua ra va phat trién. Vi du kiém soét on dinh dién tir (ESC) hé thong c6 thé dat duoc su 6n dinh
ngang bang cach ra 1énh mo men phanh hodc d6 trugt banh xe mong muén [2]; hé thong phanh
khan cép tu dong (AEB) c6 thé ngin ngira tai nan va giam thuong vong ddng thoi bang cach didu
khién phanh mé-men xoén hodc do truot banh xe mong mudn [3]. ‘Phuong phap pho bién gan day
¢ xu huéng kiém soat do trurgt banh xe, ngin banh xe dang chuyén dong khong dot ngot bi khda
cling bang cach kiém soat va bam do truot ctia no lién tuc theo thoi gian [4].

Céc phuong phap kiém soat do trugt banh xe nhu da nhic ¢ trén c6 thé chia lam hai nhom
chinh: k¥ thuat diéu khién dua trén quy tdc do trugt cua banh xe lam trung tdm va k¥ thuat kiém
soat mA-men phanh truc tiép dua trén mé hinh dong luc hoc ciia xe hodc banh xe. Challa va cong
su dé xuat thuat toan ngudng ting toc banh xe va trugt dya trén quy tic 3 pha két hgp cho phanh
chbng bé cimg trong HCRV va dua ra phuong phap x4c dinh dac tinh cac gia tri ngudng tao nén
thuat toan ABS dua trén quy tic [5]. Vignati va cong su dé xuét phuong phéap dua trén dao ham
luc va gia toc ngoai vi ciia banh xe. Nhimg thay d6i vé ngudng va mirc ting cua chién lugc kiém
soat duoc thyuc hién dé cai thién hiéu suét bang cach udce tinh tai trong binh thudng va ma sat hé
s6 [6]. Solyom va cong su ciing da gici thiéu bo diéu khién theo lich trinh khuéch dai dé kiém soét
do truot cua 16p duoc dé Xuit cing voi md hinh thiét ké va bo diéu khién dugc d& xuat da duoc
can nhic ky ludng mot s6 phuong phap kiém tra khac vé mat giam téc [7]. Mot bo diéu khién Iyc
kéo ché do truot bac hai cho 6 t6 di duoc d& xuit boi Amodeo va cong su, va cac két qua mo
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phong da cho thiy hé théng diéu khién d& xuit c6 hiéu qua [8]. Mirzaei va Mirzaeinejad di xiy
dyng mo hinh mot phan tu xe sir dung mo hinh 16p Dugoff lam mé hinh danh nghia va dé xuat
mot phuong phap du doan 1y tuong dé phat trién bd didu khién truot banh xe phi tuyén bén viing
[9]. Nghién ciru ctia Johansen va cong su da dong gop vao hé thong kiém soat trugt banh xe dya
trén mo hinh két hop véi diéu chinh khuéch dai. M6 hinh nay dugc tuyén tinh hoa vé d6 trugt banh
xe va toc do ctia xe duge coi 1a mot tham sé thay doi theo thoi gian [10].

Ly thuyét diéu khién ché d6 trugt (SMC) ciing d dugc sir dung phd bién nhd cac wu diém nhu
dap ung nhanh, bén viing v4i cac thanh phan bat dinh [11, 12]. ABS 1a mét nhiing hé thong da
dugc ap dung chién luge diéu khién nay trong cac nghién ctru trudc. Tuy nhién, dic tinh bén viing
chi dugc dam béao sau khi hé thong dat dén mit truot. Cung véi do, tac dong cia nhidu bat dinh
bén ngoai khong duoc thao luan trong bat ky nghién ciu ndo da dé cap ¢ trén; chi tac dong cua bt
dinh théng s6 m6 hinh dén hiéu suat hé théng dugc kiém tra. Thiét ké bo diéu khién truot banh xe
dua trén md hinh bao gdom bét dinh théng sé md hinh va nhiéu bat dinh bén ngoai 1 can thiét.

Dé khic phuc han ché d6, nghién ctru nay dé xuat phuong phap diéu khién trugt toan cuc dwa
trén mo hinh xe bén banh két hop véi ESO. ESO dugc st dung dé ugce tinh cac bién trang thai va
tong do khong dam bao ctia md hinh ma khong cin dén dang dao ham cua bién truot. Dong thoi,
nghién ctru nay trinh bay su so sanh chi tiét giira hai chién luoc diéu khién truot toan cuc két hop
ESO va chién luot diéu khién truot truyén thong dé thiét ké bo didu khién dia trén mé hinh mot
phan tu xe c6 thanh phan bét dinh.

2. MO HINH PONG LU'C HQC

Mo hinh dbi twong ctia nghién ctru ndy 1a mé hinh mét phan tu xe, do tinh don gian gdm 2 bac
tu do: van tdc doc va vén toc goéc. Hinh 1 minh hoa mo hinh mét phan tu xe.

Hinh 1. M hinh mét phan i xe.
Cac phuong trinh dong luc hoc ctia m6 hinh mét phé”m tu xe khi phanh dugc thé hién nhu sau:
Jay, =rF —T,
{mvX =-F

X

(1

Trong d6, J 14 md men quén tinh cua banh xe, w,, 1 van téc goc cua banh xe, r 1a banh kinh
dinh danh ciia banh xe, F, 14 lyc ma sat giita 10p xe v6i mdt dudng, T}, 12 m6 men phanh, m 1a kh6i
luwong cia mét phﬁn tu xe va v, 1a vén tdc cua banh xe theo truc doc. D0 trugt banh xe dugc biéu
dién nhu phuong trinh (2):

A= YTl )
VX

Mbi quan hé giira d¢ trugt cia banh xe va h¢ s6 ma sat lép-duc‘)’ng dugc trinh bay boi mo hinh
16p xe phat trién boi Burckhardt:

u(2)=6,(1-e7*)- 25, (3)
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Trong d6, &,,5,,0, 1a cic hé s6 ma sat img véi timg diéu kién dudng cu thé. F, dugce viét lai 1a:

F =Fu(4) (4)
V6i F, 1 luc tuong tac giita 16p va mat duong tai diém tiép xuc.
Thay phuong trinh (4) vao phuong trinh (1), thu dugc hé phuong trinh ddng luc hoc:

{Jd}b =rF,u(A)-T,

i, =—F () ©

Gia sir: Tong d6 khong dam bao ciia mé hinh va nhidu loan bén ngoai déu ton tai trong bat dinh
ctia mo hinh, va tong nhiéu loan ctia chung duoc biéu dién la AD , dugc thém vao phuong trinh
dong lyc hoc nhu sau:

Jay, =rF,u(A)-T,+AD
{m\'/x — Fu(2) ©
Dit X, = A, phuong trinh (6) c6 thé dwoc viét gon lai thanh:
X = f(x)+Gu+D, (7)

J JVX " X
mo hinh danh nghia thiét ké bo diéu khién.
3. THIET KE BQ QUAN SAT TRANG THAI MO RONG

2 1-
Voi f(X1)=—Vi[r—+[(—mxl)Dmg,u(X1); c=_"":D :_JLAD;phu'ongtrinh (7)s€ la
vV

X

Dua trén thiét ké ESO tiéu chuan, tir (7), dat X, =D,,dodo X, = DX . Hé théng ban dau sau
d6 c6 thé dugc chuyén sang:

% =% +Gu+ f(x) ®
%, =D,
ESO dugc thiét ké nhu sau:
A A kl A
%=R, — = (% —x)+Gu+ (%)
£
)
A k2 A
X = _? X - Xl)
Trong do, € 1a hang sb thoi gian quan sat cho boi cong thirc dudi day:
1 1-e™
—=R=0c——-F,0<t <t 10
& 1+e™ (19)

Véi o, A, A, 1a cac hang sb duong.

Nhan xét 1: Héng s6 thoi gian cua b quan sét & duogc thiét ké dé ngan chan hién twrong vuot
dinh. Hién tugng nay xay ra khi h¢ thdng phan tng qua nhanh véi nhiéu hoic tin higu khong mong
muén, dan dén sy dao dong lén va khdng mong muon trong dap ung cua h¢ thong. C6 thé thay tu
phuong trinh (9) rang céc sai s6 udc lugng c6 thé duoc 1am nho tly ¥ bang cach tang hang s6 thoi
gian cua bo quan sét &. Tuy nhién, khi hang sé thoi gian quan sat € cao s& ting do nhay véi nhidu
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va sau d6 lam giam hiu suat diéu khién cta hé thong vong kin. Do d, hang s0 thoi gian quan sat
can dugc chon sao cho cin bang giita sai sb u6c lugng va kha nang chiu nhidu trong cac img dung
thuc tién.

Cac bién trang thai x,, X, tir cong thirc (15) dugc thay thé béi R, X, 1a cac bién trang thai cla
ESO, &> 0,k;,k, 1a hing s6 duong, s* +Kk s +Kk, 1a da thirc Hurwitz.
binh nghia:

77:[771 772]T (11)
Trong do:

771=X1—;X1'772:Dx_§(2 (12)
Cong thic sai s6 cta bd quan sat 1a:

en= A+ Bf +£CD, (13)

mongas. A= ¢ 8= (t] e <(]) T 1a)

4. THIET KE BQ PIEU KHIEN

Trong nghién ciru nay, by diéu khién GSMC dugc thiét ké nham cai tién lut diéu khién, sir
dupg ham mil véi hai muc tiéu: :Thl'l' nhat 1a khac phuc han ché cia SMC dam bao do béq cho I}é
thong trong giai doan ti€p can bé mat trugt, va thir hai la gitr cho quy dao trang thai hé thong ti€p
tuc trén bé mat truot.

Cu thé hon, muyc tiéu bd diéu khién dugc thiét ké dé d¢ truot banh xe quan sat &, c6 thé bam
theo d6 truot mong mudn A, cang sém cang t6t. Phuong trinh sai s6 do truot quan sat:

O(t)=% - 4 (14)

Nhin xét 2: Nhuoc diém ciia SMC la hiéu suét~kh6ng dugc dam bam do trong giai doan tiép
can mit truot, SMC phan ung rat nhay cam véi nhieu loan cﬁa’hé thong. GSMC duqc thiﬁt ké’V(')'i
co ché manh m& hon, GSMC gi6i thiéu mdt mét trugt phi tuyén c6 chire nang chuyén doi ché do
truot, ‘nh(‘r do khéq phug han ché cia SMC g”f giai doan ti€p can mat trugt, dam bao rang trang thai
ban dau cta hé thong nam trén dé thi hé thong bi rang budc vao bé mat truot.

Bwoc 1: Mat truegt GSMC duge xac dinh:

S(6,1)=Ko(t)-F(t) (15)

Trong d6, F(t) duoc thiét ké véi vai tro 1a phan bu cho khau tiép cdn mat truot, mat truot (15)
tré thanh:

S(6,t)=Ko(t)+KAe™ (16)

Budre 2: Luat diéu khién truot thiét ké dé didu khién trang thai quy dao cua hé thdng trén mit
trugt c6 thoi gian gioi han va duy tri trén mat trugt. Vi vay, luat di€u khién can thoa man dic€u kién
dat dugc mat truot:

$(6.1)$(6,1)<0 (17)

Luaét tiép cdn ham mii co ban:

Tap chi Nghién ciru KH&CN qudn suw, S6 Déc san FEE 2024, 72-78 75



Diéu khién — Tw dpng héa

S(6.t)=-550($(6.1))-£,3(6:t) (18)
Luat tiép can ham mi cai tién:
$(0.t) ==z (In(t+]aS (0.)]) S (xDfsan($ (6.1)) - 2.8 (6.1) (19)

Véia; > 0,a, > 0.
Nhén xét 3: Khi §(6’,t) 16n thi luét tiép can ham mil (18) thé hién dic trung cia luat tiép can

ham mii (17) v téc 40 dat duge mat trugt 16n hon nhorhé s In(1+]asS (6,t)] )]z, (6,1)] cho higu

qua bam t5t hon nhidu so v6i lugt tiép can ham ma (17). Khi $(6,t) nho thi In(1+]eS (6,1)]) s&

tién gén dén 0, toc do dat dén mat truot cua luat tiép can ham mii (18) sé cham hon nhiéu so véi
luat tiép can ham mii (21), do vy lam gidm quén tinh va dac tinh bam dugc t6i uvu.

Ttir phwong trinh mit truot (10) va luat tiép can him mii (13), tin hiéu diéu khién dugc xac dinh
boi cong thurc:

u=G’1K’[ gl(ln(1+‘al (6,t ‘))‘az (0.t)[san(S (0t))—gz§(¢9,t)}

+G™(4me ™~ f(0,1)-D,)

(20)

Nhan xét 4: Bo quan sat ESO duoc thiét ké dé dam bao rang trang thai thuc cua hé thong duoc
phan anh chinh xac bai trang thai quan sat theo thoi gian. Khi d6, bo diéu khién GSMC diéu chinh
trang thai quan st sao cho n6 tién dan vé trang thai dat. Nhu vay, trang thai thuc s& tiém can trang
thai dat khi thoi gian tién dén vo cing. Tin hiéu didu khién dugc tao ra béi GSMC dam bao qué
trinh nay dién ra hiéu qua, can bang giira do chinh xac va kha niang chiu nhidu cua hé thdng.

5. KET QUA MO PHONG

B¢ diéu khien dugc thiét ké duoc md phong bang MATLAB/Simulink. Nghién ciu thir nghiém
bo dicu khién dugc thiet ke trén duong nhua bang phang, khd rao bang cach sir dung ham budc
nhay nhu 1a d¢ trugt banh xe mong muon. Céc thdng s6 cia mé hinh mét phan tu xe la m = 354
kg, J = 0.9 kgm, 7 = 0.310 m va F, = 3540 N. Thong s0 mat duong trong dicu kién duong nhya
bang phang kho réo: §; = 1.28; 6, = 23.99; &3 = 0.52. Vén t6c ban dau cua banh xe 1a v = 27,78
m/s va m6 phong ket thue Kkhi toc dg giam xu6ng con 1 m/s. Gia st tong thanh phén bét dinh la
mo men xoan duogc bicu dien dudi dang ham sin, dugc thém vao cac phuong trinh dong luc hoc &
tan so 25 rad/s va bién do 1a 100 Nm.

Céc tham sb cia ESO dugc thiét ké duoc chon nhu sau dé dat duge do chinh xéac trong viéc
wéc lwong nhiéu qua trinh: o =5000, 4, =4, =3, k, =6, k, =11. Cac thong s6 GSMC dugc thiét
ké duoc chon la: K=1,7=26,¢ =07, ¢, =6, ¢, =100, , =1. B¢ dat dugc kha ning bam do
trugt banh xe chinh xac, cac thong s6 ciia SMC duoc chon: ¢ =200 va K, =100.

Gia tri do trugt dat mong muén 12.0.17 va do truot thyuc té cua cac b didu khién duoc thé hién
trong hinh 3. Két qua chira rang, ca hai bo diéu khién déu co kha nang giam tac dong cua nhiéu
qua trinh va giup toc do cia xe 6n dinh hon, dong thoi giam tbc do banh xe mot cach hiéu qua.
bac biét, khi so sanh gitra d6 trugt banh xe mong mudn va do truot banh xe thuc té trong trudng
hop st dung bo diéu khién GSMC c6 va khong c6 ESO, gia trj khi sir dung bo diéu khién SMC
dugc thé hién trén hinh 3.

Tir két qua nay co thé thiy ring, gia tri thyuc té khi str dung b diéu khién GSMC c6 ESO 1a gan
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nhit va 6n dinh nhét so v6i d6 truot banh xe mong mudn, tiép theo 14 GSMC khéong c6 ESO. Trong
khi @6, gia trj thuc t& cia SMC 1a kém 6n dinh nhat va rat dé bi anh hudng boi nhidu trong sudt
qua trinh phanh. Hinh 4 thé hién gia tri m6 men phanh dugc tao ra trong ca hai bo diéu khién. Cudi
cuing, hinh 5 minh hoa kha niang wdc tinh nhidu bat dinh ctia toan bd hé théng ciia ESO.

30 . . _ 0.2
Toc do banh xe véi SMC

Tée dd banh xe véi GSMC
25+ —Toe do xe véi SMC
- - =T do xe véi GMSC

1]

0.15
o1 0.17005 ¥
72071 = |/
g g 0.17 ey
= 8
15 g 01 016 L ——L——
£ E
L «Qr
10 =
0.05 Do truot thue véi SMC
5r ==PJ trugt thue véi GSMC
—Do truot quan sat véi GSMC
—DJ trugt dat
0 : : : : 0
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
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Hinh 2. Toc do xe va toc do banh xe. Hinh 3. D¢ triot banh xe.
1500 . : : 15
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F Z 10
-_'_é 500 15 1
= i
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==~ Thvéi SMC — NhiZa thae ’
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0 0.5 1 1.5 2 25 0 05 1 1.5
Thoi gian (s) Thoi gian (s)
Hinh 4. M6-men phanh. Hinh 5. Dap wrng quan sat nhiéu bat dinh.

Két qua cho thdy ESO c6 kha ning udc tinh va ddi pho voi su bat dinh ciia hé thong mot cach
chinh xé4c va hiéu qua. Piéu nay cang lam ndi bat vai trd quan trong cuia ESO trong viéc cai thién
d6 6n dinh va hiéu suét cua hé thdng diéu khién. Ngoai cac két qua da trinh bay, quang dudng
phanh trong qua trinh tir van toc 100 km/h (27.78 m/s) xudng 1 m/s. Két qua cho thay quéng duong
phanh dat dugc 14 34.4 m véi thoi gian khoang 2.3 gidy trong diéu kién duong kho rao, bang phing.

6. KET LUAN

Nghién ciru nay trinh bay mot sy so sanh chi tiét giira hai chién lugc diéu khién ché d¢ truot
khéc nhau: chién lugc diéu khién trugt truyén thdng va chién lugc diéu khién ché do truot toan
cuc. Hiéu qua ciia cac bo diéu khién dé xuat da dwoc kiém ching théng qua céc két qua md phong,
trong do, bo quan sat trang thai mé rong dong vai tro quan trong trong viéc giam sat va udc luong
chinh xac cac yéu t6 khong dam bao ciia md hinh théng qua viéc sir dung cac tham sé thiét ké cu
thé. Piéu nay gilp cai thién do tin cay va hiéu suit caa hé théng diéu khién, dam bao rang né c6
thé phan ng nhanh chéng va hiéu qua véi cac thay doi trong diéu kién hoat dong.
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ABSTRACT

Global sliding mode control integrated with extended state observer for wheel slip tracking

The Anti-lock Braking System (ABS) is crucial for vehicle safety by maintaining wheel
traction during braking and preventing wheel lock-up. This study proposes an advanced
Global Sliding Mode Control (GSMC) strategy to enhance ABS performance. The nonlinear
global sliding mode of the surface is designed based on the exponential approach law. The
method can eliminate the reaching phase compared with Sliding Mode Control (SMC), and
guarantee the system robustness during the whole control process. The Extended state
observer (ESO) is used in combination with the design of the GSMC in order to estimate the
total uncertainty in the system. Simulation results demonstrate that the proposed global
sliding mode control scheme enables the wheel slip-ratio to converge to optimal value
quickly with the small oscillation, and has a relatively short braking distance and braking
time, which is very suitable to prevent the wheel from being locked during braking.

Keywords: Anti Block System (ABS); Global Sliding Mode Control (GSMC); Extended State Observer (ESO); Sliding
Mode Control (SMC).
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