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TOM TAT

Hé théng chéng bé cwngphanh (ABS) la thiét yéu cho an toan phirong tién, nhung hiéu sudt
bi anh hieong boi su thay doi khoi lwong xe. Bai bao nay de xuat glal phap sw dung bé diéu khién
trieot (SMC) bén viing, duoc thiét ké ddc blet dé giai quyét van dé nay. Ludt diéu khién xdy du"ng
cho mo hinh ABS 1/4 xe, sur dung théng tin vé khoang giGi han khoi heong tir m, den m, de dam
bao tinh 6n dinh va hiéu sudt duy tri do trueot thuc té theo dg trueot mong muon (/1 =~ 0. 2) Dt chap
tai trong thay doi. Mo phong trong MATLAB/Simulink kiém chitng hiéu qua cia phwong phap. Két
quda cho thdy bg diéu khién duy tri do truot mong muén véi sai sé RMSE thdp (tir 0.008 dén 0.052)
va thoi gian dap vung chdp nhén dwoc (tir 0.6s dén 2.6s) khi khoi lu"ong xe thay doi tir 190kg dén
230kg. Nghlen clru khang dinh b diéu khién SMC ben vitng dé xudt thé hién tinh hiéu qud va bén
vitng cao doi véi bat dinh khéi lwong, mang lai tiém ndng cdi thién an toan phanh cho xe ¢ tdi
trong bién déng.

T khéa: Hé thong chong bo cirng phanh (ABS); Diéu khién trirot (SMC); Diéu khién bén
vitng, Diéu khién do truot banh xe.

ABSTRACT

The Anti-lock Braking System (ABS) is essential for vehicle safety, but its performance is
affected by vehicle mass variations. This paper proposes a solution using a robust sliding mode
controller (SMC), specifically designed to address this issue. The control law, developed for a
quarter-car ABS model, utilizes information about the mass limit range from m__ to m__ to ensure
stability and tracking performance for the desired slip (7.,= 0.2) despite varying loads. Simulations
in MATLAB/Simulink verify the method's effectiveness. Results show the controller maintains
the desired slip with low Root Mean Square Error (RMSE) (from 0.008 to 0.052) and acceptable
response times (from 0.6s to 2.6s) as the vehicle mass varies from 190 kg to 230 kg. The study
confirms the proposed robust SMC demonstrates high effectiveness and robustness against mass
uncertainty, offering potential to improve braking safety for vehicles with variable loads.

Keywords: Anti-lock Braking System (ABS), Sliding Mode Control (SMC); Robust Control;
Wheel Slip Control.
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1. PAT VAN PE

Hé théng chdng bo cling phanh (ABS)
12 mot thanh phan an toan chu dong khong thé
thiéu trong 6 t6 hién dai. Nhiém vu cdt 161 cua
ABS 14 ngén chan hién tugng banh xe bi khoa
ciing hoan toan trong qua trinh phanh gap, gitip
ngu(n lai duy tri kha nang diéu khién huodng di
chuyén va c6 thé rit ngan quing dudng phanh,
dac biét trén cac bé mat c6 do bam thap. Thong
qua viéc diéu chinh 4p suat diu phanh dén timg
banh xe mdt cach nhanh chong, ABS ¢6 gang gitr
cho d truot ctia banh xe nam trong mot khoang
gi4 tri toi wu, noi ma luc ma sat tiép tuyén giira
lép xe va mat duong dat gid tri cuc dai.

Qua trinh diéu khién hé théng ABS
dbi mat voi nhiéu thach thie dang ké. Trude
hét, dong luc hoc cua h¢ théng von ¢6 tinh phi
tuyén cao, thé hién rd nhat qua mdi quan hé
phuec tap gitra d6 truot va lyc ma sat [1]. Thém
vao d6, hé thong ludn chiu anh hudng cia cic
yéu t6 bat dinh. Piéu kién mit duong (kho, uét,
bang tuyét) c6 thé thay doi dot ngodt, dan dén sy
thay d6i 16n trong hé s6 ma sat [2]. Cac tham
s6 ctia chinh chiéc xe khong phai ltic nao ciing
¢d dinh hodc duogc biét chinh xac. Mot trong
nhitng tham s6 bat dinh quan trong nhat chinh
1a khéi lwong cua xe m, gia tri nay bién thién
dang ké tuy thudc vao sb luong hanh khach va
trong lwong hang hoa chuyén ché. Sy thay ddi
khéi luong nay tac dong truc tiép dén luc phap
tuyén tac dung 1én banh xe, va do d6 lam thay
ddi luc ma sat toi da ma lép xe ¢6 thé tao ra.
Diéu nay lam bién doi dic tinh dong hoc cua
toan hé thong va c6 thé 1am suy giam nghiém
trong hiéu qua cua cac bo diéu khién ABS dugc
thiét ké dua trén gia dinh khdi luong khong doi.

Nhiéu phuong phap diéu khién da dugc
nghién ctru va ap dung cho ABS. Cac b diéu
khién kinh dién nhu PID hay céc thuat toan dua
trén ngudng gia tde va do truot duogc sur dung

phd bién do tinh don gian [3]. Tuy nhién, hiéu
suit cta chung thuong bi gidi han va khé dat
t61 uu khi diéu kién van hanh thay d6i hodc co
bt dinh. Céc phuong phap diéu khién thong
minh nhu logic m& (Fuzzy Logic) da duoc dé
xuét dé dbi phé tot hon véi tinh phi tuyén va bat
dinh [3, 4]. Cac k¥ thuat diéu khién dwa trén mé
hinh nhu LQR, d6i khi két hop vai lich trinh d6
loi (gain scheduling) theo vén tdc xe, cling cho
thdy hiéu qua nhung lai yéu cau mo hinh hé
thong twong d6i chinh xac va ¢ thé nhay cam
v6i sai s6 moé hinh hoa [2, 3].

Trong bdi canh d6, didu khién truot
(SMC) ndi 1én nhu mot cong cu manh mé nho
tinh bén vitng vén c6 trude cac bit dinh va nhidu
loan [5]. Nguyen ly co ban cia SMC la sur dung
mot luat didu khién chuyén mach tan s6 cao dé
ep budc quy dao trang thai ctia hé thong hoi tu
vé va duy tri trén mot “mit truot” duoc thiét ké
trudc trong khong gian trang thai. Khi da & trén
mit truot, hé théng trd nén khong nhay cam véi
mdt 16p cac bat dinh va nhidu. Chinh dic tinh nay
1am cho SMC rt phu hop véi bai toan diéu khién
ABS, noi cac tham s nhur ma sat va khéi luong 1a
khong chic chin hodc thay doi theo thoi gian [4].
Nhiéu nghién ctru da kham pha tmg dung SMC
cho ABS, bao gdom ca SMC bén viing va SMC
thich nghi dé xtr Iy cc bt dinh nay. Uu diém ndi
bat ctia SMC bén viing 1a kha ning dam béo tinh
6n dinh va hiéu suat khi d6i mét véi cac bt dinh
co gi6i han da biét, vi du nhu khdi lugng xe m
nam trong khoang [mmin m__]. Tuy nhién, SMC
truyén thong c6 thé gay ra hién tu:ong ‘chattering”
(rung tan s6 cao & tin higu diéu khién), doi hoi cac
k¥ thuat 1am min hodc sir dung SMC bac cao dé
khic phuc [5].

Trong tdm cla bai bdo nay la giai quyét
van dé khéi luong xe thay dbi trong hé thong
ABS bang phuong phap SMC. Péng gop chinh
1a dé xuat mot luat diéu khién truot bén viing
duoc thiét ké dic thu cho mé hinh ABS 1/4 xe,
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trong d6 thong tin vé gidi han bién cua khoi
lwong duogce tich hop truc tiép vao ciu trac bd
diéu khién. Muyc tiéu 1a dam bao hé théng duy
tri duoc tinh on dinh va kha nang bam theo do
trugt mong mudn mot cach hiéu qua trén toan
bo dai khéi lugng hoat dong, qua d6 nang cao
tinh thich ing va d¢ tin cdy cua ABS trong cac
diéu kién tai trong thuc té.

Bai bao dugc ciu trac nhu sau: Muc
2 trinh bay chi tiét mé hinh dong luc hoc 1/4
xe, md hinh ma sat 16p voi dudng va muc tiéu
diéu khién can giai quyét. Myc 3 di sdu vao
viéc thiét ké bo diéu khién truot bén viing. Muc
4 trinh bay két qua mé phong trén MATLAB/
Simulink va dua ra cac phan tich, thao luan vé
hi¢u qua ctua bd diéu khién. Cubi cung, muc 5
dua ra két ludn va dé xuat mot s6 hudng nghién
ctru tiép theo.

2. MO HINH PONG LUC HQC PHANH

- M6 hinh dong luc hoc 1/4 xe:

| I:lrl:..

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

my=-F, (1

Trong do: m - Khoi luong banh xe; v —
Vén toc tam banh xe; F_ - Luc twong 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; »_— Tbec do quay banh xe; J - Mo
men quan tinh banh xe.

- M6 hinh d6 truot va ma sat:

Theo [4], [3], luc twong tac cua 16p véi
duong 1a ham cua d6 truot banh xe.

F. =mgu(A) 3)

Trong d6: w(X) - Hé s6 ma sat giita banh
xe va mat duong; A - B9 trugt banh xe.

Do truot banh banh xe dugc xac dinh:

I TNy R (4)
\% 1%
:- (8]
1 (=

M ai i, e ||

- ¥’ .
s Bl Bim b wre [%5)]

Hinh 2. D6 thi moi quan hé giita hé $6 ma sdt - dé
trugt trén cac loai duong

Luc ma sat lép voi duong dat cuc dai khi
do truot dat gia tri tr 10-20% tuy loai duong. Do
vay, hau hét cac nghién ctru diéu khién hé thong
ABS déu lay gia tri do trugt 20% la gia tri do
trugt myc ti€u A ,. Tai d0 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 [6] phuong trinh thuc nghiém moi
quan h¢ gitra hé sb6 ma sat theo phuong doc va
do truot:
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u(A) = C(1-e)~C,2 )

Trong d6: C,, C,, C, la cac h¢ s6 duoc
xac dinh theo thuc nghiém phu thudc tinh trang
mat duong.

Muc tiéu clia bai béo 1a dé xuét luat
diéu khién moé men phanh sao cho sai s6 do
trugt mong mudn va do truot thuc té bam va
hoi tu vé& 0. Yéu cu ct 15i 1a by diéu khién
phai dam bao tinh bén viing, nghia 1 duy tri
dugc hidu sudt bam tét (sai sb nho, dap tng
nhanh) ngay ca khi khéi luong thay ddi trong
khoang da biét.

3. XAY DUNG THUAT TOAN DIEU
KHIEN SMC BEN VUNG CHO HE
THONG PHANH ABS

Goi e(t) 1a sai 1éch do trugt banh xe muc
ti€u A, va do trugt banh xe, ta co:

i=(-D)o+20s
(D 57, ()
. G%)Tb - G-;)-m-g-fu) - (%)_m-grfu)
i= (}.%).Tb — (ii)_m.f@) _ (.9‘;1;1“) £
. (%;).be(%_g-;z)_m,f@) ELa-no]sw

-i=( I).Tb7[(§).m+g.(lfﬁ)].i.f@)

vy
bat:

gd) = [(g}Tz)_erg.(lfl)].(%).f(ﬂ) ©

1r

_)j:(vj

)-To — 5@

V6i g(A) 1a ham ctia khdi lugng m trong
khoangm . <m<m_ .

X

Chon ham Lyapunov:

v :%52,5 —a,.e +ayf edt (7)

Véia, a, 1a cac h¢ s6 duong tuy y.
Diéu kién 6n dinh theo Lyapunov:
r=s5.5s<0—-e—-0

P=s.§<a;.s°<0-e(t) -0

Tu dé, luat diéu khién dugce xac dinh
theo biéu thuc:

Ty :ﬁ[kl.e + 5+ Gmax) + k2] véis >0

v (8)
Tb :(1—I)[k18+s+gmlﬂ(ﬂ')_k2] vois <0

vJ

Véik,, k, 1a cac hé sb duong iy .

Bdng 1. Cdc tham s6 mé phong va bé diéu khién

Tham sb Gia tri
M0 men quan tinh banh xe J, 5 kg.m?
Bén kinh banh xe r, 0,28 m
Hé s6 ma sat C, 1,2801
Hé s ma st C, 23,99
Hé s6 ma st C, 0,52
Khoi luong [m_ m__ ] [190+230]kg
D0 loi diéu khién k| 1,33
D9 loi diéu khién k, 1
D¢ truot myc ti€u A, 0,2
Van tdc ban dau v, 28 m/s

4.KET QUA MO PHONG VA THAO LUAN

- Thiét 1ap m6 phong: M6 phong duoc
tién hanh trong méi truong MATLAB/Simulink
sir dung cac phuong trinh mo hinh da trinh bay
va cac tham s liét ké trong Bang 1. Qua trinh
phanh duoc mé phong tir mot van tdc ban dau
cho dén khi xe gan dimg. Dé danh gi tinh bén
virng, cdc mo phdng riéng biét dugc thuc hién
tai cac gia tri khdi luong m ¢ dinh khac nhau
trong khoang [190kg, 230kg].
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- Phan tich hiéu suit tai khéi lwong danh
dinh (m = 195kg):

D ik A8 truret thige 18

WA 1T T |l

Hinh 3. Pdp img dg triegt banh xe thiee té theo thoi
gian (s) cho m = 195kg.

D% thi win tdc thes thed gian

Ther g n

Hinh 4. Vin toc (Xe/Ngoai vi banh xe) theo thoi
gian (s) voi m = 195kg.

Vé6i khéi lwong danh dinh m = 195
kg (Hinh 3), bo diéu khién thé hién kha ning
bam tot. Sau giai doan qua do ban dau (tir 0
dén khoang 0.7s), d§ trugt A nhanh chéng hoi
tu va dao dong quanh gia tri muyc tiéu bang 0.2.
Céac dao dong nho quan sat duge co thé 1a do
ban chit chuyén mach cia SMC (chattering)
hodc do dong luc hoc ndi tai ciia hé théng. Khi
xe gan dimg (khoang t = 2.4s, v = 0), do truot
tang vot Ién 1 (bo cung), day 1a hién tuong vat
Iy binh thudong va khong phai 16i ctia bo didu
khién, vi dinh nghia d¢ trugt (3) tré nén khong
xac dinh hodc rét nhay khi v — 0. Hinh 4 cho
thdy qua trinh giam toc hiéu qua, véi van toc xe

giam gan nhu tuyén tinh va van toc banh xe dao
dong dé duy tri dg trugt mong muon.

- Phan tich tinh bén viing khi khéi luong
thay doi (190kg - 230kg):

S - T . D R B MR

]

...-ﬂ-_'_.

Hinh 5. Cac dap ving do truot xép chong véi khoi
luwong thay doi (190kg den 230kg)

Hinh 5 1a minh ching trgc quan cho
tinh bén viing cta bo diéu khién. Mic du khdi
lugng thay doi hon 20%, tat ca cac dudng cong
dd truot déu hoi tu vé vung lan céan cua 0.2 va
duy tri 6n dinh & d6 trong su6t qua trinh phanh
chinh. Piéu nay cho thiy luat diéu khién, nho
st dungm . /m_ ., da thanh cong trong viéc bu
trir anh hudng cua su thay doi khoi lugng.

W R LR Y D T PR Tl ) TR B e

Hinh 6. Sai s6 RMSE cia viéc bam do truot theo
khoi lwong xe (kg)

Hinh 6 dinh luong hoa hiéu suit bo diéu &
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khién. Sai s6 RMSE ting tir ~0.008 tai 190kg
1én ~0.052 tai 230kg. Su gia ting nay 1a c6 thé
hiéu duogc: khéi luong 16n hon dong nghia véi
quan tinh 16n hon, lam cho viéc diéu chinh
chinh xac va nhanh chéng tré nén khé khéan
hon, doi hoi mé men phanh 16n hon dé tao ra
cung mot su thay doi gia tc goc banh xe. Tuy
nhién, gia tri RMSE van rat nhé trén toan dai,
khang dinh hiéu suit bo diéu khién cao duoc
duy tri.

B 1h Hheérl i dap oy S 2§ brwp® [ meew 150 - 138 ]

Hinh 7. Thoi gian ddp iimg (s) dé dat dg trueot bang
0.19 theo khoi hrong xe (kg)

Hinh 7 cho thay thoi gian dap Gmg (thoi
gian dé do truot dat 0.19) ting dang ké theo
khdi luong, tir ~0.6s 1én ~2.6s. Pay 1a hé qua
vat ly truc tiép cua viéc tdng quan tinh. Xe nang
hon can nhiéu thoi gian hon dé bo diéu khién
dua do truot tir 0 vé gia tri myc tiéu. Mac du
cham hon, bo diéu khién van dam bao hé thdng
dat dugc trang thai mong mudn trong khoang
thoi gian hop ly.

- Tong hop va so sanh:

Tong hop két qua, bo diéu khién SMC bén
vitng dé xuit da chimg t6 kha nang duy tri hiéu
suét diéu khién d truot tot cho hé théng ABS khi
khdi luong xe thay doi trong pham vi xéac dinh.
Vigc st dungm . vam__ trong luat diéu khién la
chia khoa cho tinh bén vimg nay.

C6 mdt sy danh doi (trade-off) rd rang
glua hiéu suat (RMSE thoi gian dap ung) va
khéi luong xe. Khdi luong cang 16n, sai s6 va
thoi gian dap irng cang tang. Tuy nhién, sy suy
giam hiéu sudt nay 1a c6 giéi han va nim trong
muc chép nhan duoc.

So sanh vé mit 1y thuyét v4i cac phuong
phap khac:

« PID: Mot b diéu khién PID duoc
chinh dinh cho khdi lwong danh dinh c6 thé
hoat dong kém hodc tham chi mét 6n dinh khi
khéi luong thay d6i dang ké, trir khi c6 co ché
thich nghi hoac gain scheduling phuc tap.

* SMC truyen thong (khong xét bat dinh
khéi lugng): C6 thé van bén viing ¢ mic do
nao do, nhung hiéu suét khong dugc dam bao
trén toan dai khoi lugng va c6 thé bi anh hudng
nhiéu hon boi su thay ddi nay. Bo didu khién
dé xuit dam bao tinh 6n dinh va hiéu suat mot
céch chit ché hon nho viée thiét ké tuong minh
cho khoang bat dinh khéi luong. Hién tuong
chattering, mac du khong qua rd rét trong cac
d thi nay, van 1a mot dic diém can luu y cta
SMC bac mot va cé thé can cac bién phap giam
thiéu trong tng dung thuc té [5].

Kha ning duy tri d6 truot gan téi wu
bat chap tai trong thay doi gitip téi da hoa luc
phanh, gop phan nang cao an toan va hiéu qua
phanh. Viéc m¢ rong mo hinh sang ntra xe hodc
toan b xe s€ phuc tap hon nhung 1a can thiét
dé danh gid anh hudng cta chuyén tai trong va
tuong tac gitta cac banh xe.

5. KET LUAN VA HUONG PHAT TRIEN

Bai bao da trinh bay thanh cong viéc
thiét ké va kiém ching qua moé phong mot bo
didu khién truot bén vimg cho hé thong ABS
1/4 xe. Dong gop chinh va diém méi 1a luat
diéu khién duoc xay dung dé xtr Iy hiéu qua sy

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
320 TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026

cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

bat dinh Vé khéi luong xe bang cach str dung
thong tin vé gi6i han bién [m_, m_ 1, quado
dam bao hiéu suat bam do truot 6n dinh trén
mot dai tai trong rong [190kg 230kg]. Két qua
md phong dd xac nhan tinh hidu qua va bén
virng cua phuong phap dé xuit.

Mic du két qua mé phong rat kha quan,
mot s6 hudng nghién ctru va phat trién tiép theo
¢6 thé duogc thuc hién:

« Giam Chattering: Ap dung cic ky
thuat nhu phuong phap l6p bién (boundary
layer) hoac SMC bac cao (Higher-Order SMC),
vi du nhu thudt toan Super-Twisting [5], dé lam
min tin hiéu diéu khién va giam rung dong co
khi tiém an.

« SMC thich nghi: Phat trién bd diéu
khién SMC thich nghi (Adaptlve SMC) ¢6 kha
nang udc lu’orng truc tuyen khdi lugng xe hodc
cac tham s6 ma sat thay doi, gitp cai thién hiéu
suat khi gioi han bat dinh khong rd hogc thay
doi.

« Tbi vu hoa tham sb: St dung cac thuét
toan toi wu hoa (vi du: giai thuat di truyén, t6i
vu hoa bay dan) dé tim bo tham sd bo dicu
khién (k, k,) toi vu nhim cai thién dong thoi
RMSE, thoi gian dép ung va giam chattering.

« Kiém chung thyc nghiém: Tién hanh
thir nghiém trén cac hé théng Hardware-in-the-
Loop (HIL) hoic trén xe thuc té dé danh gia
hiéu niang cua bo diéu khién trong méi truong
phtrc tap hon, c6 nhiéu va tré tin hiéu.

* M6 hinh mé rong: M¢ rong phuong
phap thiét ké cho cac mé hinh xe phirc tap hon
(nira xe, toan bo xe) dé tinh dén cac yéu t6 nhu
chuyén tai trong dong, dong luc hoc phuong
ngang va sy tuong tac gilta cac banh xe trong
qua trinh phanh va danh 1ai. <
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