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TOM TAT

Muc tiéu cia bai bdo la thiét ké bg diéu khién hé thong chong ham cimg bdanh xe khi
phanh (Anti-lock Braking System — ABS) dua trén thudt todn diéu khién ché o truot (Sliding Mode
Control — SMC) dé diéu khién dé truot banh xe xung quanh do truot muc tiéu. Cdc tham $0 tuy chon
trong bo diéu khién SMC duoc phan tich va lva chon phu hop, d&ng thoi khdc phuc duoc hién tuong
rung (chattering) ciia bg diéu khién SMC khi dwa gid tri mdt trieot, s = 0. Cdc ludt diéu khién dé
xudt xdy dwng dwa vao diéu kién on dinh Lyapunov, sau dé dwoc kiém tra qua mé phong bang phan
mém Matlab-Simulink. Véi hai phwong dn dwge dwa ra, cac két qua mé phong cho thdy ching déu
co kha nang diéu khién on dinh dé truot banh xe trén cdc loai duong khdac nhau. Trong do, bo diéu
khién thir hai d loai bé hoan toan hién twong chattering, giip cdi thién chat lwong diéu khién.

Tir khéa: Hé thong chong bé cirng banh xe khi phanh, Thudt todn diéu khién trieot; Tham
56 tuy chon, Gia tri bé mat trueot; Hién teong rung.

ABSTRACT

This paper aims to design an anti-lock braking system (ABS) controller that utilizes the
sliding mode control (SMC) algorithm to regulate wheel slip in relation to a target slip value.
The optional parameters in the SMC controller are analyzed and selected appropriately, and the
chattering phenomenon is overcome when the slip surface value, s = 0, is set. The proposed control
laws are built based on the Lyapunov stability condition and then verified through simulation using
Matlab-Simulink software. With the two proposed solutions, the simulation results indicate that they
are both capable of stably controlling the wheel slip on different types of roads. In particular, the
second controller eliminates the chattering phenomenon, helping to improve the control quality.

Keywords: Anti-lock Brake System, Sliding Mode Control Algorithm; Optional Parameters,
Slip Surface Value; Chattering Phenomenon.
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1. PAT VAN PE

ABS 14 hé thong an toan quan trong trén
6 t0, viéc nghién ctru thuat toan diéu khién hé
théng phanh ABS di va dang duoc rat nhiéu
nha khoa hoc quan tAm. Hai yéu td quan trong
khi xdy dyung thuét toan diéu khién d6 1a dic
tinh phi tuyén va cac thong s6 khong chéc chin
trong mo hinh diéu khién hé thong phanh ABS.
Yéu té ph1 tuyén dén tir mbi quan hé phi tuyén
cua hé s6 ma sat gura lop Xe — du’ong va do
truot banh xe. Cac yéu t6 khong chic chin
bao gdm diéu kién dudng, phan luc tir dudng
tac dung Ién banh xe, luc gio, luc bén... Cac
huéng nghién ctru tap trung vao viéc giai quyét
hai yéu t6 nay. Trong nghién ctu [1], dé cai
thién chat luong diéu khién, ngoai sir dung cam
bién téc do banh xe, tac gid su dung thém cam
bién do m6 men banh xe. Viéc nay, giup bod
diéu khién co thong tin tryc tiép mo men dau
vao va dau ra cua hé thong 1a gia tbc goc cla
banh xe giup hiéu biét phan tmg ciia hé thong
t6t hon va dua ra tac dong xu Iy hiéu qua hon.
Tuy nhién, viéc dua vao cam bién md men banh
xe lam cho hé théng phuc tap hon. Dé nang
cao chat luong diéu khién, nhiéu nghién ctru
tap trung vao cai thién thuat toan diéu khién ma
khong can thém cam bién, cai thién chat luong
diéu khién véi diéu kién duong khac nhau. St
dung ham Lyapunov dé téng hop bo diéu khién
thich nghi v6i sy thay do6i diéu kién bam khéc
nhau [2], st dung phuong phap diéu khién
trugt (SMC — Sliding Mode Control) dé dap
ung duogc voi su thay ddi diéu kién bam mit
dudng va sy khong chinh xac cua mo hinh [5].
Trong nghién ciu [4] tac gia su dung phuong
phap diéu khién téi wu toan phuong (LQR) dé
so sanh véi cac bo dicu khién SMC va diéu
khién PID. D¢ str dung bo diéu khién SMC va
LQR ciing doi hoi nhiéu cam bién hon dé do
cac thong s dong hoc cia hé thong. Trong thuc
té, nhiéu bo diéu khién don gian ciing phat huy

duoc hiéu qua diéu khién, nhu bo diéu khién
ON-OFF [3], bo diéu khién PID [4]. Tuy nhién,
hiéu qua diéu khién chi phat huy dugc trong
diéu kién bam nhat dinh. B diéu khién SMC
c6 kha niang diéu khién cac hé théng phi tuyén
manh, c¢6 kha nang on dinh hé théng c6 tham
s6 khong chéc chan trong mé hinh diéu khién.
Trong céac nghién ctru, bd didu khién SMC cho
thdy hiéu qua diéu khién t6t voi su thay ddi
diéu kién bam khéac nhau, su khong chinh xéc
ctia mo hinh. Tuy nhién, bd diéu khién nay co
nhuoc diém gay ra hién twong rung 6 tan so 16n
(hién tuong chatering) trong hé thng.

Muc ti€u cua nghién ctru 1a tim phuong
phap cai thién chét luong diéu khién cua bo diéu
khién SMC cho hé théng ABS nham giam hién
tuong rung, khi bo diéu khién dua vector trang
thai vé mit truot s = 0. Pé dat duoc muc dich
trén, nghién ctru tong hop mot bo diéu khién
theo thuat toan SMC tur phuong trinh dong luc
hoc quay banh xe va phuong trinh dong luc hoc
tinh tién % xe , danh gia va Iya chon hai tham
) tuy chon k, € cua bd diéu khién. Bo diéu
khién tong hop ton tai hién twong chattering,
nguyén nhan cdt 16i 1a sy ton tai ciia ham dau
trong lut diéu khién, khién thanh phan di cting
ham dau ludn thay doi tir -1 dén 1 va nguoc
lai 1am luat diéu khién thay doi gian doan. Dé
khir hién twong trén, dé tai st dung phuong
phap 16p bién (Boundary Layer Method) lam
“mém” su gian doan cua ham dau b?mg cach
thay thé né bang mot ham lién tuc trong mot
vung lan can cua mat trugt (s = 0). Vi¢c danh
gi4 hiéu qua giam rung ctia bo diéu khién duoc
thyc hién thong qua mo phong bang phan mém
Matlab-Simulink.

2. MO HINH PONG LUC HQC PHANH

Trong qua trinh phanh 6 t6, m6 men
phanh sinh ra tai co cau phanh, két hop véi luc
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doc twong tac cua 16p v6i dudng (luc phanh) s&
lam t6c d6 quay banh xe cham lai. Lyc phanh
theo hudng doc ciing 1am xe 6 to chuyén dong
cham lai. Vi khéi lugng quén tinh ctia banh xe
nho hon rat nhiéu so véi tbe d6 quan tinh cia
xe, nén trong qua trinh phanh, banh xe la thanh
phan ¢6 xu huéng ding trude, viée nay s& lam
do truogt ctia banh xe tang 1én lam gidm tinh
diéu khién khi phanh. M6 hinh phan tich luc
tdc dung 1én banh xe thé hién trén hinh 1 va
dong luc hoc phanh banh xe dugc mo ta bé‘mg
phuong trinh vi phan (1), (2):

Hinh 1. M6 hinh dong luc hoc phanh banh xe khi
phanh

my=—F (1)

ms

Ji, =~T,+F,, @)

Trong d6: m - Khéi lugng banh xe; v -
Van tdc tam banh xe; F_ - Luc tuong tac cua
16p va duong theo phuong doc (luc phanh); T,
- M6 men phanh tac dung 1€n banh xe; r_- Ban
kinh banh xe; ®_- Téc d6 quay banh xe; J - M6
men quan tinh banh xe.

Theo [3], [6], luc twong tac cua 16p véi
duong la ham cua dd trugt banh xe.

F,, =mgu(l) 3)

Trong d6: w(X) - Hé s6 ma sat giita banh

xe va mat duong; A - PO trugt banh xe. Do truot
banh banh xe duoc xac dinh:

vV—a.r .r
A= oy f=1-—tr 4
\% \%
.: — (L]
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i irwrd blish we | %]
Hinh 2. Do thi moi quan hé giita hé s6 ma sat - do
truot trén cac logi duong

Luc ma sat 16p v6i duong dat cuc dai khi
do truot dat gid tri tir 10-20% tuy loai duong.
Do vdy, hau hét cac nghién ctru diéu khién hé
thong ABS déu lay gia tri do truot 20% la gia
tri d0 truot muc tjéu A, Tai ¢ trugt nay, luc
phanh dat gia tri gan cuc dai, trong khi lyc bam
ngang du 16n dé dam bao tinh diéu khién khi
phanh.

Theo [3], phuong trinh thyc nghiém
moi quan h¢ gitra hé s6 ma sat theo phuong doc
va do truot:

u(A)=C,(1-¢)~C,A )

Trong do: C,, C,, C, la cac h¢ s6 duoc
xac dinh theo thuc nghiém (Bang 1).

Bang 1. Gia tri hé 56 cho cdc mat duong khac

nhau (theo [3])

Mat duong C, C, C,
Kho 1.2801 23.99 0.52
Uat 0.857 33.82 0.347

Tuyét 0.1946 94.12 | 0.0646
Bang 0.05 306.3 0
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3.XAYDUNG THUAT TOAN PIEU KHIEN
SMC CHO HE THONG PHANH ABS

Goi Tb la m6 men phanh banh xe, 1a tin
hi¢u di€u khién, e(t) 1a sai I¢ch d0 truot banh xe
muc tiéu A, va d trugt banh xe, ta co:

e(t) = A — A ©)
seM=2—-2A )
e e(t)=—A

Chon mat truot tich phan:

s(t) = e(t) + k[ e(t) dt )
Trong d6: k 13 hing s duong tuy chon.
Chon ham Lyapunov V:

V= ls2

2

SV = 1.2.3.5 =5.8
2

Theo diéu kién 6n dinh Lyapunov, voi
ham V >0, V <0 thi hé 6n dinh.

Nhu vy, diéu kién dé dam bao e(t) — 0
thi §(t)s(t) <0. Bé théa man dicu kién nay, chon

§(t) = —esign(s(t)) voi € 1a hang s6 duong.
— é = —esign(s) — ke

Theo (4), (7), ta co:
F.m, LoV

A=— +-

1?’" “‘_.'
Két hop véi (4):

-0, = 1 (w —e&vsin gn(s)— kve)
vy

Két hop véi (1), (2), ta duoc ludt didu
khién SMC:

1= L B2 | psign(s) + ke)+ mgu(Ayr, (9)
F v

So dd md phdéng dong luc hoc phanh
bang phan mém Matlab-Simulink thé hién trén
hinh 3 va hinh 4.

Th: Mi men phanh|

B e i i e O Wi g i

s
nﬁg_'nu &

Wiyt mrome 64

Hinh 3. M6 hinh Simulink - phan déng hee hoc phanh

G
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Ny e Y
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b3 e r
thure té
Ed S —
| I ik
= X

S

Fe.r.u

Hinh 4. Mé hinh Simulink - phan b diéu khién SMC

Cac sd litu dAu vao cho md hinh mo
phong tham khao [3] gom:
J =5kgm®,m =800kg,v, =28m/s*,r, = 0.28m.

4. CHQN THAM SO BQ DPIEU KHIEN
SMC VA KET QUA MO PHONG

B0 diéu khién SMC theo (9) c6 hai tham
s6 k, € 1a cac hang sé duong tiry chon. Hai tham
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s0 trén anh hudng lc?p dén'(vicf) on ginh, do nhay, 10 T Quing dubmg phanh-SMC_1
do chinh xac cua diéu khién. D& phan tich su 0
anh huong cua cac hé so trén téi hiéu qua cia ‘E‘m'
b dicu khien SMC, bai bao thuc hién khao sat s20
v01 cac hé so k, € cho nhu trong bang 2, dé dé = 10t
xuat mot bd tham so hop ly. Két qua md phong < o . | . | |
the hién trén hinh 5 dén 13. 0.5 1 1.5 2 2,
Thivi giam (1)
Bang 2. Gid tri cdc hé sé duong k, ¢ trong bé diéu Hinh 7. D6 thi quéng dwong phanh - SMC_1
khién SMC
+ Két qua mo6 phong véi bo diéu khién
Bé diéu khién k g SMC_2:
SMC_1 3 570 L ]
0.8 B4 trargt thyne e - SMC_2
SMC 2 17 570
— I]l{l I
SMC 3 17 12 0.4
0.2
+ Két qua md phong véi bo diéu khién 0
SMC_L: 0 0.5 I 15 2 2.5
Thiri gian (s)
i Hinh 8. D6 thi d¢ trueot twong di - SMC 2

D trungt thye tf - SMC_|

l}rH i
0.6+

Vin tlc xe - Vin the binh xe - SMC 2
e Vi t0C dAE cla Xe

30,

0.4 fg‘m_ ——Viin tde dai binh xe
0.2} £
0 10
0 0.5 1 1.5 2 2.5 0 . : . .
Thiki gian (s} .5 1 1.5 2 L,
Hinh 5. Do thi d¢ truot twong doi - SMC_1 . Théigian s)
Hinh 9. Do thi van toc xe - SMC 2
| Vijn the xe - Viin the binh ve - SMC_] _ . . .
K | e Vin toc dai cua ,,H:EI 40+ Quiing dirimg phanh - $MC 2
i e ——Vin téc dii banh x E‘ 30!
3 = 20
é 10 E
3 10F 1
0 . ) ' . ] i
0.5 I 1.5 2 L 0.5 | 15 2 2
Thivi gian (s} Thiri ginn ix)
Hinh 6. P6 thi vin toc xe - SMC 1 Hinh 10. Pé thi quing dwong phanh - SMC 2

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
VAW  TAP CHI CO KHI VIET NAM, S6 335, thang 11 nim 2025
cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

+ Két qua mod phong véi bo diéu khién
SMC 3:

1+
0.8/
0.6+ {

D4 trwgt thyge of - SMC_3

ﬂ.. ...“.Ij ] lq — 5 2
Thivi gian (s)

Hinh 11. Bé thi do truot thuc té - SMC 3
".-'ﬁn e we - ";'#,n ifie Mni we - SMOC 3

s WD t_fw.' i cun xe
-Viin toc ddi bdnh xe

IIIII

et
=
— T

""""

Wi the (ms)

0.5 1 1.5 2 .
Thied gian (5)

Hinh 12. P6 thi vin téc xe - SMC 3

-I'I}: [ Quiing dlrmrng phauhr—ﬁ.\'lt‘_.l i
E
E 30
= 20
= 1ol
0 - ; :
0.5 1 1.5 2 2
Thiri gian (s)

Hinh 13. D6 thi quéng dwong phanh - SMC 3

- Khi mat truot s dén s(t) = 0, thi tham
s6 k quyét dinh thoi gian sai 16ch e(t) tiém can
vé 0. Theo két qua mé phong thuc té, thoi gian
dua e(t) — 0 d6i voi bo diéu khién SMC 1
khoang trén 1.5 giay, SMC 2, SMC 3 khoang
1.2 gidy, nhu vay khi k 16n, thoi gian dua e(t)
vé 0 nhanh hon.

- Tham s6 & quyét dinh kha ning duy
tri s(t) quanh mat truot s(t) = 0, anh huong dén

tdc do hoi tu cua e(t) va do bén viing cua luat
diéu khién khi thong s6 md hinh hay diéu ki¢n
hoat dong thay doi. Tuy nhién, tham sb € cang
16n dan téi qua diéu chinh cang 16n, 1am s di
xa khoi mat trugt s = 0. Diéu nay dan toi hién
tuong rung voi bién do 16n. Theo két qua mo
phong, hién tugng nay thé hién 10 & thoi diém
tur 2,3 gidy trd di (hinh 5, 8, 11). Dac biét voi
bd diéu khién SMC 1 va SMC_2 véi tham sb &
16n (Hinh 5, 8). Tuy nhién, khi € cang nho, tinh
bén vimng cta bd didu khién cang kém, nhét 1a
ddi voi dong luc hoc phanh, c6 rat nhiéu thong
s6 bt dinh va thay doi.

- T céc két qua md phong thuc té,
nghién ctru Iy thuyét, tic gia lwa chon tham sd
b6 didu khién SMC 3, do bo diéu khién nay
dam bao do nhay, do chinh xac diéu khién, va
do rung & muc chép nhan dugc, va khong tiép
tuc khao sat dé lua chon cc bo diéu khién khac
¢6 hé sb £ nho hon nita. Chat luong cua bd diéu
khién SMC 3 s& dugc cai thién hon khi ap
dung giai phap giam rung ¢ phan sau.

5. GIAI PHAP GIAM RUNG CHO BQ
PIEU KHIEN SMC

Nguyén nhan chinh gay ra hién tugng
rung 13 do trong luat diéu khién chtra ham diu
sign(s). Tuy nhién, ham d¢ ciing 1a yéu t6 dé
duy tri mit truot s = 0. D& giam hién tuong nay,
thay thé ham sign(s) bang ham sat(s/¢), luat
diéu khién truot cai tién tir biéu thirc (9) nhu
sau:

T, = ﬂ(”“’Lf‘(’lh esat(s | @)+ ke) + mgu(A)r, (10)
v A%

r

Trong do, ham sat(s/¢) dugc xac dinh:

sign(s) khi |s/¢| =1
s/¢p khi |s/pl <1 D

Voi: ¢ 1a hé sb duong duoc lya chon

sat(s/) = {:
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sao cho dé giam hi¢n tugng rung. Khi mat truot
du nho s(t) < ¢, khi d6 bd diéu khién SMC tro
thanh bo diéu khién 6n dinh tiém can. Khi di
qua xa mit truot s(t) > ¢ thi bo diéu khién tro
vé bo diéu khién SMC gitp cho s(t) — 0 trong
thoi gian xac dinh du nho.

: i
. ]
D a—]
2 S

>

e

Hinh 14. Mé hinh Simulink diéu khién ABS bang
SMC khir chattering - phan bé diéu khién

Trén hinh 14 13 so do phan khéi diéu
khién truot giam rung theo biéu thuc (10) va
(11). Céc thong sb bo diéu khién thé hién trong
bang 3.

Bdng 3. Gid tri cdc hé s6 dwong k, € trong bé diéu
khién SMC 3 _sat

B diéu khién k € o
SMC 3 sat 17 12 7.7

'I -
ol 4 trwgt thpe 1 - SMOC_3 - SAT
06
0.4r
ﬂ.l -/_'//

0

0 0.5 1 1.5 2 15

Thiri gian ()
Hinh 15. D6 thi dé truot tuwong doi

10} Vin tée xe - Vin the binh xe - SMC 3 - SAT
o [  — Vin toc dii cia xe
E e ——Viin ti¢ dii binh xe
a0l TN -
-|E T, .
3 Mg
=TT
ﬂ i i i
L5 1 1.5 2 2,
Thiv gian (sk
Hinh 16. Do thi van toc xe
40 - Quingdm‘n‘r;g phanh -5MC 3= H.k’ll'

E
£
=
-]
5
=
o

0.5 1 1.5 2 2.

Thivi gian (s)

Hinh 17. 6 thi quéng dwong phanh

Két qua mo phong thé hién trén hinh
15, 16 va 17. Két qua mo phong cho thiy hiéu
qua giam rung rat rd rang nhu trén do thi do
trugt - hinh 15 so véi bo diéu khién SMC 3.
Hé sb trugt A ti€ém can vé hé $6 trugt dat A,
trong khoang thoi gian xac dinh, khoang trén
2 gidy. Khi bo diéu khién truot dua mit truot s
vé 0, va duy tri tai do, do rung cta véc to trang
thai cai thién rd rét. Tuy nhién, thoi gian nay
16n hon so voi bo diéu khién SMC 3. Hé s6 ¢
duoc lwa chon sao cho can bang giita hai yéu to
thoi gian xéc 1ap va hién tuong rung. Khi chon
¢ nho, thoi gian xac 14p nhanh nhung van xay
ra hién tuong rung va nguoc lai. Khi ¢ 16n thi
thoi gian xéc 1ap 1au hon nhung khtr dugc hién
tugng rung.

6. KET LUAN

Bai bao dua ra hai phuong phap tong
hop bd didu khién hé théng ABS theo thuat
toan SMC, va thuat toan SMC cai tién giam
hién tuong rung. Phan tich sy 4anh hudng cua
hai tham sd tuy chon k, € trong luat diéu khién
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truot thong qua ba bd diéu khién trugt SMCI,
SMC2, SMC3, v6i tham s6 k thay doi tir 3 dén
17 va ¢ thay dbi tir 12 dén 570. Qua cac két qua
md phong, khi k 16n, thoi gian dua sai 1éch e(t)
vé 0 nhanh hon, khi tham s6 & cang 16n dan t6i
qué diéu chinh cang 16n. B9 diéu khién SMC_3
¢6 hiéu suét tt nhat, c6 kha ning diéu khién
duoc hé théng dong luc hoc phanh ABS c6 tinh
phi tuyén manh, mién 13 biét duoc diéu kién
duong. Bo diéu khién SMC 3 sat cai tién tiép
tuc cai thién hién tuong rung so vdi bd diéu
khién SMC_3. Tuy nhién, thoi gian dé do truot
A xéc lap vé do truot mong mudn A . 1au hon
(trén 2 giay).

Huéng nghién ciru tiép theo: Két qua
cua nghién cuou chi dua trén nghién ctu ly
thuyét, mo phong bang phin mém Matlab-
Simulink, néu c6 thém thyc nghiém s& khang
dinh nghién ciru sau sic hon. Khi xay dung bd
diéu khién, tac gia da phan tich va lua chon hai
tham s6 tiiy chon cua bd diéu khién sao cho can
bang tir ba loai dudng mau. Tuy nhién, thuc té
hai tham s trén s& thay ddi tiry thudc rat nhiéu
loai dudng, dé cai thién co thé sir dung két
hop mot bo diéu khién mo dé chinh hai tham
sd, hodc sir dung phuong phap hoc may ting
cuong dé xac dinh hai tham sb theo cac thong
s trang thai hé thong. Hai cai thién nay s& nang
cao chat lugng diéu khién cia thuat toan trén.
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