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TOM TAT

Hé thong phanh khan cdp t dong (AEB) la mot cong nghé quan trong trong cdc hé thong
hé tro ldi xe tién tién (ADAS), gitip cdi thién tinh an todn cia phirong tién. Bai bdo nay trinh bay
phirong phép mé phong va danh gid hiéu qua ciia hé thong AEB trén xe dién VFe34 bang phan mém
chuyén dung. M6 hinh mé phéng bao gom mé hinh dong liec hoc phwong doc ciia xe dién, thudt
toan phat hién va phan logi vat can dwa trén cam bién, va bé diéu khién AEB sir dung thudt toan
diéu chinh lwc phanh phit hop. Kich ban thir nghiém bao gom tinh hudng c6 thé xdy ra va cham khi
di chuyén ¢ ddi toc dé 50km/h. Két qua cho thdy hé thong AEB cé thé giam dang ké vin toc trude
va cham hodc tranh hoan toan va cham. Nghién ciru nay cho thcfy hiéu qua cua cac thudt toan diéu
khién téi viéc dam bdo khd nang phan iteng nhanh va chinh xdc ciia hé thong trong cdc tinh huong
khan cap.

Tw khéa: AEB; Mo phong; Pong luc hoc, Xe dién.
ABSTRACT

The Autonomous Emergency Braking (AEB) system is a critical technology in Advanced
Driver Assistance Systems (ADAS), enhancing vehicle safety. This paper presents a simulation-
based approach to evaluating the effectiveness of the AEB system on the VFe34 electric vehicle
using specialized software. The simulation model integrates the longitudinal dynamics of the electric
vehicle, an obstacle detection and classification algorithm based on sensor data, and an AEB
controller employing an adaptive braking force modulation algorithm. The test scenario focuses
on a potential collision situation at a speed of 50 km/h. The results demonstrate that the AEB
system can significantly reduce pre-impact velocity or, in some cases, prevent collisions entirely.
This study highlights the effectiveness of control algorithms in ensuring the system'’s rapid and
accurate response to emergencies.
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1. TONG QUAN

Trong nhitng nim gan day, cac h¢
thdng hd tro 1ai xe tién tién (Advanced Driver
Assistance Systems — ADAS) da tré thanh mot
phan quan trong trong nganh cong nghiép 6 to,
gitip cai thién dang ké mic d6 an toan cho ca
nguoi 141 va nguoi tham gia giao thong. Trong
do, AEB dugc danh gia la mét trong nhiing cong
nghé quan trong gitp giam thiéu sé vu tai nan do
va cham v6i vat can phia trudce, dac bi¢t trong
bdi canh gia ting mat do giao thong do thi va
nhu ciu nang cao tinh an toan cho phuong tién
[1]. Theo cong bd ciia td chirc Y té thé gidi, mdi
nam c6 khoang 1,35 triéu ngudi chét do tai nan
giao thong [2]. Vi vay, viéc nang cao hiéu qua
clia cac cong nghé an toan 14 vo cung can thiét.

Mot s6 nghién ctru di chimg minh rang
AEB c¢6 thé giam dang ké toc do khi va cham
va cai thién mac do an toan. Nghién ctru cua
Khayyat [3] da phat trién va thir nghiém mot hé
théng AEB két ndi 5G tai cac giao 10, cho thay
hiéu qua trong vi¢c gidm thiéu va cham tai cac
nga tu. Ngoai ra, Kovaceva [4] da danh gia loi
ich an toan cta hé théng AEB va hé thong 14i
tu dong trong viéc bdo vé nguodi di xe dap va
ngudi di bo, thong qua viée két hop mod phong
may tinh va két qua thir nghiém thuc té. Mic
du cac nghién cuu trude da dat dugc nhiéu tién
bd, nhung van ton tai mot s6 han ché. Pa sd
cac nghién ctru tap trung vao xe dong co dbt
trong, trong khi xe dién c6 dac tinh dong luc
hoc khac biét do hé thong truyén dong va phan
g phanh khac nhau. Hon nita, nhiéu nghién
ctru chit yéu sir dung dir liéu thir nghiém trong
diéu kién 1y tuong, chua danh gia ddy da hiéu
suat cia AEB trong méi truong giao thong thyc
té voi cac tinh hudng phirc tap.

Nghién ctru nay tap trung vao viéc mo
phong va danh gia hi¢u suat cua h¢ thong AEB

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 327, thang 4 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn

trén xe dién VFe34 biang phin mém chuyén
dung. M6 hinh mé phong bao gdm dong luc
hoc phuong doc cua xe di¢n, cam bién phat hién
vét can, va b diéu khién AEB str dung thuat
toan diéu chinh lyc phanh thich hop. Bang cach
str dung mo phong, nghién ctru ¢ thé kiém tra
nhiéu kich ban khic nhau ma khong can thir
nghiém tryc tiép trén phuong tién thyc té, tir
d6 cung cAp mot giai phap an toan va tiét kiém
chi phi trong giai doan phat trién hé thong. Két
qua tir nghién ctru s& cung cap thém hiéu biét
vé kha niang tng dung ctia hé théng AEB trén
xe dién va dé xuét cac phuong phap téi uvu hoa
thuat toan diéu khién nhim nang cao hiéu suat
va d¢ an toan ctua phuong tién trong tuong lai.

2. MO HINH MO PHONG
2.1. Pong luc hoc phwong doc

Céc luc tac dung theo phuong doc cua
xe bao gom: luc doc F,F _ luccanlanF , F ,
luc can khi dong F . Phu:orng trinh dong luc hoc
cua xe theo phuong doc dugc biéu dién nhu sau

[5]:

Ey+F, —(F,+F, +F)=mv (1)

Hinh 1. M6 hinh dong luc hoc phwong doc

Khi 6 t6 thuc hién qua trinh phanh, s€
xuat hién luc quan tinh Fq:

2) F
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Vi, j, la gia téc phanh (m/s?), G la
trong luong toan bo xe (N), g = 9,81 m/s%.

Khi d6, momen phanh tai cau trudc va
cau sau duoc phan bo lai [6] theo cong thure sau:

| h
M =@(1+]”—g](prwh

pl
Ga Jh
]\4172 = T(l _§J¢rwh

Trong do6, a, b lan luot 1a khoang cach
tir trong tam dén tAm ciu trudc va cdu sau xe
(m), L 1a chiéu dai co so (m), h, 1 chiéu cao
trong tim xe (m), @ 1a h¢ s6 bam, r_, 1a ban kinh
banh xe (m).

2.2. Thuit toan diéu khién AEB

Bo diéu khién cia hé thong AEB trong
nghién ctru ndy duogc thiét ké nham danh gia
hiéu qua ctia hé thong trong tinh hudng xe bam
theo phuong tién phia trude va phan tng khi
phuong tién nay phanh dot ngdt. B diéu khién
dam bao kha nang kich hoat phanh ty dong kip
thoi nham giam thiéu tac dong hodc tranh va
cham hoan toan.

Thoi diém kich hoat phanh trong hé
théng AEB duogc xac dinh dua trén chi sb thoi
gian dén luc va cham (Time-to-Collision — TTC)
[7]. Chi s6 TTC dugc tinh theo cong thirc:

r7c = AP 4)

|vt —V

Trong do:

- AD la khoang cach gitra xe phia trudc
va xe chu dong;

- v la van téc cua xe phia trudc;

- v_la van toc cua xe chu dong.

Gia tri TTC cang nhd, nguy co va cham
cang cao, va hé théng AEB s& dua ra quyét dinh
phanh khan cép khi TTC giam xuéng dudi mot
ngudng gidi han an toan dugc xéac dinh trude.
Khi do, thoi gian canh bao va cham tur luc xe
di chuyén cho dén khi va cham duoc tinh bang
cong thuc:

tFC w = Treact + Tstap

Vi, = (5)

stop
P

Do thoi gian kich hoat ciia hé thong
AEB phu thudc vao TTC, vi vay céc gia tri gia
tbc phanh twong mg véi ting ché do phanh
da dugc nghién ctru va lya chon. Gia tri cu thé
duoc trinh bay chi tiét trong Bang 1.

Bdng 1. Gid tri gia toc phanh theo timg ché d¢

Ché dp phaGn‘ﬁ :;’If/sz) Giai thich
PB1 3.8 Phanh mét phan
PB2 53 Phanh mot phan

9.8 Phanh toan phan

0: khéng kich hoat
1 kich hoat

% :

Trang thii AEB = 0
Cinh bio va cham =0
0

l

Trang thii AEB = 0
Canh bio va cham = |

Trang thii AEB = 1
Cinh bio va cham = ]
Jp = 38 m'éf

=

i

Trang thai AEB - 1 Trng thii AEB - |
Cinh bio va cham = | Cinh bio va cham = 1
Jp =53 mis J, = 9.8 mis?

Hinh 2. Thudt toan diéu khién AEB
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3. KET QUA MO PHONG

Kich ban mé phong duoc thiét ké véi
khoang cach ban dau giita hai xe 1a 16m, xe
trude va xe chu dong cung chay véi van toc 50
km/h, sau 4 gidy xe trudc dot ngdt giam toe do.
Két qua vé phan Gmg cta hé théng AEB duoc
thé hién nhu trong hinh 3, 4, 5.

=

Y

Khodng cich twomg doi (m)

3 4 5 ]
Thix gian (3)

Hinh 3. Khodang cdch twong doi giita hai xe

Trong 4 gidy dau, khoang cach tuong
dbi giira hai xe khong doi do ca hai xe dang di
chuyén véi tbc do 6n dinh. Khi khoang cach
tuong dbi giam nhanh do xe trude giam téc do
dot ngodt, hé thong AEB phat hién nguy co va
cham va kich hoat phanh dé giam toc do. Khi
két thuc qué trinh phanh, khoang cach giira hai
xe 1a 5m, ching t6 hé thong AEB di hoat dong
hiéu qua trong viéc giam thiéu va ngin ngira
nguy co xay ra va cham.

TTC (x)

3 4 5 6
Th gian ()

Hinh 4. Thoi gian dén khi va cham

Trong giai doan dau, thoi gian dén
khi va cham (TTC) 1én cho thdy khoang cach
tuong ddi gitra hai xe 16n hon khoang cach an
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toan. Khi xe trudc phanh dot ngot, TTC giam
nhanh, hé théng AEB da kich hoat phanh dé
kéo dai thoi gian nay. Khi két thuc qua trinh
phanh, TCC duoc duy tri & muc an toan, cho
thiy hé théng AEB d ngan chan thanh cong
va cham chung to hé théng AEB dat hiéu qua
trong viéc kéo dai thoi gian dén khi va cham,
gitip ngudi 1ai ¢6 thém thoi gian dé phan tmg va
tranh va cham.

- on
¥ T

=
T

Gia ¢ [Ill;l|l|li|lll|?::]

3 4 5 ]
Thai gian (s

Hinh 5. Gia téc phanh trong qud trinh hé thong
kich hoat

Trong giai doan dau, gia téc phanh bang
0 do ca hai xe dang di chuyén véi téc do on
dinh. Khi hé théng AEB phat hién nguy co va
cham do xe trudc phanh d6t ngot, gia téc phanh
tang theo cac mirc trong tng voi ché do phanh
& Bang 1, dat gia tri cao nhét (9.8 m/s?) & ché
d6 phanh toan phan (FB). Sau d, gia téc phanh
giam dén, cho thay hé thong di kiém soat duoc
tdc do va tranh duge va cham. Nhu vay, h¢
théng AEB c6 kha ning phan Gng nhanh va
hiéu qua trong cac tinh hudng khan cép, dam
bdo an toan cho nguoi lai va hanh khach.

4. KET LUAN

Nghién ctru nay da xay dung thuat toan
diéu khién cho hé théng phanh khan cép tu
dong trén xe VFe34 bang phan mém mé phong
chuyén dung. Két qua mé phong cho thay bo
diéu khién AEB duoc dé xuét c6 kha ning tinh
toan khoang cach an toan va kich hoat phanh
hiéu qua trong tinh hudng khén cép khi xe trude
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dot ngdt giam tdc va ding lai v6i khoang cach
tuong dbi 1a 5m. Bén canh dé, nghién ctru cling
chi ra rang viéc t6i uu hoa thuat toan diéu khién
c6 thé gitp cai thién hon nita hiéu suat cia hé
thdng, dic biét trong cac diéu kién dudng phic
tap hodc khi toc do xe thay ddi. Trong tuong
lai, md hinh mo phong c6 thé duge mé rong dé
bao gdm cac kich ban giao thong thyc té hon,
tich hop nhiéu loai cam bién va danh gia tac
d6ng ctia méi trudng d6i voi hiéu suét hé thong.
Ngoai ra, viée so sanh két qua mé phong véi dir
liéu thyc nghiém tur thir nghiém trén xe that sé
la mét budc quan trong dé x4c thuc tinh chinh
xac cua mo hinh va nang cao dg tin cay cua hé
théng AEB trong diéu kién van hanh thuc té.«
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