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TOM TAT

Hé théng can bang dién tir (ESP — Electronic Stability Program) 1a mot cong nghé an toan chu
dong quan trong, gitp duy tri 6n dinh chuyén dong cua xe trong cac diéu kién van hanh phuc tap nhu
khi quay vong hoic di chuyén trén mat dudng co hé sb bam thap. Nghién ctru nay tap trung xay dung
md hinh toan hoc va mé phong qua trinh quay vong cia xe du lich ¢6 trang bi hé thong ESP nham
phan tich anh hudng cta hé thong nay dén dong luc hoc phuong tién. M6 hinh duoc thiét 1ap dua trén
1y thuyét co hoc k¥ thuat va dong luc hoc 6 t6, tich hop cac yéu td nhu lyc ngang, mé men quan tinh
va tai trong tic dung 1én banh xe. Phan mém Matlab Simulink két hop v&i phuong phap Polynomial
Chaos dugc st dung dé mé phong chuyén dong cia xe trén cac diéu kién mat dudng khac nhau, voi
van tc ban dau tir 20 km/h dén 80 km/h. Két qua cho thiy & van tdc thap, su khac biét gitra xe c6 va
khong c6 ESP 1a khong dang ké. Tuy nhién, & van tdc cao hodc trén mat duong tron trugt, hé théng
ESP gitip giam hién twong mat 14i, danh 1ai thira va léch quy dao rd rét. M6 hinh mé phong cho thiy
tinh phu hop cao véi cac nghién ctru trudce va co tiém ning tng dung trong dao tao k¥ su ciing nhu

phat trién hé théng didu khién 6n dinh trén phuong tién hién dai.

Tir khéa: Dong luc hoc 6 t6, Hé thong can bang dién tir (ESP), Quay vong 6 to, M6 phong diéu
khién xe.

STUDY ON THE DYNAMICS OF TURNING TRUCKS EQUIPPED WITH EMERGENCY
BRAKE ASSIST AND BBRAKE FORCE DISTRIBUTION SYSTEMS

ABSTRACT

The Electronic Stability Program (ESP) is a crucial active safety technology that helps maintain
vehicle stability during complex driving conditions such as cornering or driving on low-friction road
surfaces. This study focuses on developing a mathematical model and simulating the cornering
behavior of a passenger vehicle equipped with ESP to analyze the system’s impact on vehicle
dynamics. The model is built based on engineering mechanics and vehicle dynamics theory,
incorporating factors such as lateral forces, inertial moments, and wheel load distribution. Matlab
Simulink software, combined with the Polynomial Chaos method, is used to simulate vehicle motion
under different road conditions, with initial speeds ranging from 20 km/h to 80 km/h. The simulation
results show that at low speeds, the difference between vehicles with and without ESP is minimal.
However, at higher speeds or on slippery roads, the ESP system significantly reduces oversteering,
trajectory deviation, and the risk of loss of control. The developed simulation model demonstrates
strong consistency with previous studies and offers practical applications in training mechanical
engineers as well as in designing advanced stability control systems for modern vehicles.

Keywords: Vehicle dynamics, Electronic Stability Program (ESP), Vehicle turning, Vehicle
Control Simulation.
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1. PAT VAN PE

Su phét trién nhanh chong ciia nganh cong
nghiép 6 t6 hi¢n dai khong chi tap trung vao
nang cao hi¢u suit van hanh ma con dit muc
tiéu t6i uu hoéa do an toan va su On dinh cua
phuong tién. Trong sb cac cong nghé an toan
chu dong, hé théng can béng dién tir ESP da tro
thanh mot tiéu chuan khong thé thiéu trén hau
hét cac dong xe du lich, dic biét 1a cac mau xe
hang trung va cao cip. Viéc nghién ciru va t6i
uu hoa hé thong ESP c6 ¥ nghia dic biét quan
trong trong bdi canh hién nay khi luu luong
giao théng ngay cang phirc tap va toc do di
chuyén ctia phuong tién khong ngig ting cao.

Theo Nguyén Hiru Can va cong su (2000),
kha nang diéu khién va 6n dinh cua 6 t6 khi di
e

chuyén trong cac diéu kién van hanh phirc tap,
chang han nhu khi quay vong hodc di chuyén
trén mat duong cé hé sb bam thép, phu thudc
chat ché vao dac tinh dong luc hoc ciia phuong
tién va cac hé thong hd trg diéu khién hién dai
(Nguyén Hiru Can & cong su, 2000). Hé théng
ESP dugc phat trién trén nén tang ctia cac cong
nghé truéc d6 nhu hé thdng chéng bo cimg
phanh ABS va phan phdi lyc phanh dién tir
EBD, cho phép kiém soat chinh xéac lyc phanh
va md men tac dong 1én timg banh xe nhim
duy tri 6n dinh huéng chuyén dong ciia xe
(Nguyén Hitu Can, 2004). Trong cic tinh
hudng khan cdp, ching han nhu danh lai gip
hoic khi xe bit d4u bi truot, ESP c6 thé tyr dong
can thigp dé giam thiéu nguy co mét kiém soét.

Hinh 1. H¢ thong ESP giiip han ché riii ro khi xe mat lai

Nguon: Wang va céng sie (2018)

Céac nghién ctru qudc té dd khiang dinh
hi€u qua vuot trdi cua ESP trong vi¢c giam ty
1€ tai nan va cai thién kha niang kiém soat xe.
Zhen Wang va cong su (2018) da dé xuét thuat
toan diéu khién ESP sir dung co cdu phanh dién
co (EMB), gitip ting cuong d6 chinh xéc va te
d6 phan tmg cua hé thong trong céc tinh huéng
van hanh thay d6i nhanh (Wang & cong su,
2018). Cung quan diém nay, Gupta va cong su
(2020) nhén manh réng viéc tich hop cac thuat
toan diéu khién tién tién va cam bién hién dai
da gitip hé théng ESC/ESP tré nén théng minh
va thich Gng tdt hon voi cac diéu kién mit
duong phuec tap (Gupta & cong sy, 2020).

Mot hudng nghién ciru dang chu y khac la
viéc tmg dung cac ky thuat didu khién mo va
tri tué nhan tao nham nang cao hiéu qué va kha

nang thich émg ctia hé théng ESP. Wan va cong
su (2020) di xdy dung mé hinh diéu khién ESP
dua trén thuat toan PID mo thich nghi, cho
phép hé thdng ty didu chinh cac thong sb dicu
khién theo thoi gian thuc, tr d6 cai thién kha
nang kiém soat va ti uvu hoa hanh vi dong luc
hoc cua xe (Wan & cong sy, 2020).

Bén canh cic nghién ctru vé thuét toan
diéu khién, cac cong trinh nghién ctru chuyén
sau vé dong luc hoc 6 t6 da dong vai trd quan
trong trong vi¢c xay dung mo hinh toan hoc
chinh xac cho qua trinh mé phong va thiét ké
hé théng ESP. Rill (2020) trong cong trinh
Road Vehicle Dynamics di trinh bay chi tiét
cac mo hinh dong Iyc hoc cuia 6 t6, nhén manh
tAm quan trong ciia viéc mo phong chinh xéac
hanh vi quay vong, chuyén dong ngang va sy
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phan b tai trong banh xe trong qué trinh thiét
ké hé théng diéu khién 6n dinh (Rill, 2020).

Ngoai ra, Winner va cong su (2015) trong
Handbook of Driver Assistance Systems da
tong hop va phan tich cac cong nghé hd tro lai
xe tién tién, trong d6 ESP dugc coi 1a mdt trong
nhing cong nghé then chdt gitp giam thiéu rai
ro tai nan va cai thién trai nghiém lai xe
(Winner & cong su, 2015). Cac cong nghé hd
tro khac nhu kiém soét luc kéo (TCS), hd tro
giir lan duong (LKA) va hé thong phanh khan
cap ty dong (AEB) ciing thudng xuyén duoc
tich hop déng b6 v6i ESP nham tao ra mot hé
sinh thai an toan toan di¢n cho phuong tién.

Xuat phat tir nhitng phan tich trén, viéc
nghién ctru tic dong cua hé théng can bang
dién tir ESP trong qua trinh quay vong cua xe
du lich khong chi c6 ¥ nghia 1y thuyét ma con
mang lai gia tri thuc tién cao. M6 hinh héa va
mo phong dong luc hoc cua xe khi quay vong
voi sy can thi€p cia ESP giup danh gia chinh
xéc hiéu qua cta hé thdng, dong thoi cung cap
co s& dit liéu quan trong cho viéc thiét ké cac
thuat toan diéu khién méi va dé xuét cac
khuyén nghi van hanh an toan cho ngudi l4i.
Nghién ctru ndy goép phan nang cao chat lugng
dao tao k¥ su nganh co khi dong luc, dong thoi
hd tro cac nha san xudt va co quan quan ly
trong viéc phat trién va kiém dinh cac hé thong
an toan chu dong trén phuong tién giao thong.

2. POI TUQONG VA PHUONG PHAP
NGHIEN CUU

Déi tugng nghién ciru: Hé thong can bang
dién tir dwoc lap trén xe 6 to khi di vao duong
vong. Khao sat chuyén dong cua xe 6 to tai
trong diéu kién mit duong nhya kho bing
phéng, hé s6 bam cua cac banh xe 120.7 + 0.8,
hé sd can lan 1a 0.015 + 0.018 va va duong
nhya uét c6 hé s6 bam 14 0.35 + 0.45, hé s6 can
lan 12 0.012 + 0.015 (Nguyén Hiru Can & cong
su, 2000).

Phuong phap nghién ctru ké thira tai liéu:
Thu thép, suu tam céc tai liéu chuyén mon lién
quan d&n linh vuc dong luc hoc cua xe 6 t6 dé
1am co s& cho viéc nghién ciru 1y thuyét.

Phuong phap nghién ciu 1y thuyét: Sir
dung 1y thuyét 6 t6, co hoc k¥ thuat dé xay
dung mo hinh tinh toan dong luc hoc chuyén
dong cua xe 6 tO c6 trang bi hé thong ESP khi
di vao dudng vong véi cac van tde khac nhau.
3. KET QUA VA THAO LUAN
3.1. M6 hinh dong lue hoc

Trong qua trinh 6 t6 quay vong, cac luc va
md men tac dung vao xe 6 t6 dugc mo ta trén
Hinh 2 va Hinh 3 (Nguyén Hiru Can & cong
su, 2000; Nguyén Hitu Can, 2004).

Hinh 2. M6 hinh khong gian
Nguon: Nguyén Hiru Can va céng sw (2000) va Nguyén Hiru Can (2004)
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Hinh 3. Cac lyc va md men tic dung 1én 6 té trong mit phing ngang
Nguoén: Nguyén Hiru Can va céng sw (2000) va Nguyén Hiru Can (2004)
Theo nghién ctru ciia Nguyén Hiru Can va c6 cac phuong trinh dong luc hoc quay vong
cong su, (2000) va Nguyén Hiru Can (2004) ta cua 0 to:
f>=l{[(5l +8,)c0s f+(F +F,)sin f+8, +8,|sine —[(S, +5,)sin f—(F, + F,)cos f—(F, + F)]cosar} (1)
m

vsina . (2)

L [(S, +8,)cos B+S,+ 8, +(F, +F,)sin §]—-
mycos o veosa

o=

g:%[(sl +5,)a.c08 f—(S, +85,)b+(S, —S_,)%‘sm,m(g +F,)asin §—(F, —Fl)%cosﬂ—(g—mﬂ )

z

Tai trong thang dung tac dung 1én 4 banh

xe nhu sau:
zZ —lZ —AZ —l(m i—AZ)—AZ 4
1_2 t t _2 gL t ( )
Zﬁ*lZ,+AZ,:l[m.g£—AZJ+AZ, C)
-2 2 L

Z,=—Z, —AZ =%Lm.gz+AZ]fAZS (6)

Z,=17 A7 :l[m.gi—o—AZJ+AZg (7
7 2 7 ‘

Su chénh I¢ch tai trong gilta banh trudc va

banh sau:
M:[ﬁcosa—v(d+é‘)sina]# (8)
Su chénh I¢ch tai trong gilta 2 banh xe phia
trudce:
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sau:
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Goc nghiéng thung xe
m'h'—m,"(p,—h,")—m "(p,—h")V
v = S(p,—h") 'A(’p.\ SV (11)
C,+C,—m'gh R
Trong do:
V: Gia tc ctia 6 t6 (m/s?);
d : Van tbe goc 1éch than xe (rad/s);
€ : Gia toc goc xoay than xe (rad/s?);
F.. . A A 1A .
i: Luc doc tac dung Ién 6 t0 trong qua
trinh chuyén dong (N);

Py : Luc can lan (N);

S : Cac phan lyc ngang cua mat duong tac
dung 1én vét cia banh xe (N);

M

si: M6 men can quay (rad/s?);

B. Goc danh 14i (rad);

ti, ts: Chiéu rong vt lép banh xe trudc va
banh xe sau (m);

m: Khéi luong ciia toan xe (kg);

m’: Khéi lugng phan dugc treo ciia o to
(kg).

m,”: Khdi lugng phan khong duoc treo cau
trudc (kg);

ms”: Khoi luong phan khong duoc treo
cau sau (kg);

h: Chiéu cao trong tim xe (m);

h’: Chiéu cao trong tdm phan duoc treo
cua 6 to (m);

h,”: Chiéu cao cua phan khong dugc treo
cau trude (m);

hs”: Chiéu cao ciia phan khong dugc treo
cdu sau (m);

I: Chiéu dai co s ciia 6 t6 (m);

R: ban kinh quay vong thuc té cua 6 to
(m);

Cgr: P9 cling cua cau trude (N/m);

Cgs: PO climg cau sau (N/m).
3.2. Két qua khao sat

Tur cac phuong trinh dong luc hoc cua xe
6 t6 khi di vao dudng vong tir (2) dén phuong
trinh (11), stir dung phan mém Matlab Simulink
nhom tac gia da xdy dung so dd moé phong hé
théng, cu thé 1a:

Hinh 4. So' 46 khdi mé phéng phwong trinh (1)

Nguon: Két qua xir Iy tir dit liéu khao sat

Hinh 5. So' @0 khéi mé phéng phwong trinh (2)
Nguon: Két qua xir 1y tir dir liéu khao sat
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Hinh 6. So' @6 khdi md phéng phwong trinh (3)

Nguon: Két qua xvr Iy tir div liéu khdo sdt

== N = A

Hinh 7. So' d6 khéi md phéng phwong trinh (4), (5), (6), (7), (8), (10), (11)

Nguon: Két qua xv Iy, tir dir liéu khdo sdt
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Hinh 8. So' @6 khéi md phéng phwong trinh (9)
Nguon: Két qua xir Iy tir dit liéu khao sat
Khao sat xe 6 t6 c6 hé théng phanh tich va véi cac thong sb ctia xe Ford Fiesta 2021
cuc, dong co dat phia trudce, cau sau cht dong sedan nhu Bang 1 (Wang & cdng su, 2018).

Bang 1. Thong sb ciia xe 6 t6 khao sat

TT Tén goi Don vi Gia tri

1. Khdi luong toan bo xe khi day tai kg 1243
2. Chiéu dai co s6 6 to m 2,493
3. Khoang cach tir trong tam - cau trude m 1,245
4. Khoang cach tir trong tAm - ciu sau m 1,248
5. Chiéu rong vét 10p banh xe trudc m 1,488
6. Chiéu rong veét 10p banh xe sau m 1,488
7. Chiéu cao trong tam 06 to m 0,506
8. Chiéu cao trong tam cua phén duoc treo m 0,547
9. Ty so truyén cia hé thong lai 21.2

Nguon: Wang va céng s (2018)
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Vi hé phuong trinh dugc trén, st dung {g véi trudng hop diéu khién goc xoay vanh
chuong trinh Matlab Simulink (Gupta & cong tay lai duogc xac lap (Hinh 9).
su, 2020) mo phong ta dugc két qua mo phong
S 15
j.-g
"0 2 4 6 8 10
théri gian (gidy)
Hinh 9. M6 phéng géc xoay vanh tay lai
Nguon: Két qua xv Iy, tir div liéu khdo sdt
Khéo sat xe 6 td & cac van tdc 12 20 km/h, nhod hon 0.0001, cac phép tinh dugc tinh toan
40 km/h, 60 km/h, 80 km/h. Sir dung phuong v6i s lwong mau 1a 100. Van tbc cua xe 6 to
phap Polynomial Chaos v&i phuong phap iy duogc biéu dién twong ing véi cac van toc ban
mau bang cach st dung nghiém cua céc da thirc dau & cac Hinh 10, Hinh 11, Hinh 12, Hinh 13.
(Wan & cong su, 2020) va 16i Leave-One-Out
» 6.5
® 6.5 S
E 2 .
(O]
o 8 8
‘:9 -0;
S 55 T55
0 5 10 15 0 5 10 15
thoi gian (giay) thoi gian (giay)
a. Buong nhya kho b. BPudng nhya udt

Hinh 10. Van toc clia xe véi van tdc ban diu v0=20 km/h

Nguon: Két qua xir Iy tir dit liéu khao sat

0
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(=" o)
x
[®]
RS
C

T 10

5 10 15 0 5 10 15
th&i gian (giay) thoi gian (giay)
a. Puong nhua kho b. Buong nhya udét

Hinh 11. Vén toc cia xe v6i van toc ban diu v0=40 km/h

Nguon: Két qua xir Iy tir dit liéu khao sat
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0 5 10 15
thoi gian (giay)

a. buong nhua kho

b

“"i““ii“

0 5 10 15
th&i gian (giay)

. Buong nhua udt

Hinh 12. Vén toc ciia xe v6i van toc ban dau v0=60 km/h

Nguon: Két qua xvr Iy tir div liéu khdo sdt

26
S » 26 ‘
\G_.)/ £ ‘ss““““‘
X 24 )
2 X 24
-— «O
p Q
<« N " 9 c
T 22 T 22
5 10 15

o

thoi gian (giay)

a. Puong nhua kho

0 5 10 15
thoi gian (giay)

b. BPuong nhya uot

Hinh 13. Vén tdc ciia xe véi van tdc ban diu v0=80 km/h

Nguon: Két qua xvr Iy tir dit liéu khdo sdt

O cac hinh 10, 11, 12, 13 cac dudng mau
den nét lién thé hién van tdc clia xe 6 td con
khong dugc trang bi hé théng ESP, con cac
dudng mau do nét dut thé hién van tdc cia xe
6 t6 con dugc trang bi hé thdng ESP. Thong qua
cac hinh trén ta thdy rang voi van toc ban dau
v0 = 20 km/h thi khong c¢6 su khac biét nhidu
giita xe c6 va khong trang bi hé théng ESP. Khi

van tdc xe tang 1én (van tdc 16n hon hodc bang
40 km/h) thi v6i xe ¢6 trang bi hé thong ESP s&
nho hon van tc xe khong trang bi hé thdng
ESP. Khi xe di ¢ duong nhua udt thi khoang
dao dong vén tc cta xe 12 16n. Goc quay than
xe dugc biéu dién twong ng véi cac van tde
ban dau ¢ cac Hinh 14, Hinh 15, Hinh 16, Hinh
17.
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o o
-0.015 0.03

0 5 10 15 0 5 10 15

thoi gian (giay)

thoi gian (giay)

a. buong nhua kho

b. Puong nhua uot

Hinh 14. Géc xoay thin xe v6i van toc ban dau v0=20 km/h

Nguon: Két qua xir Iy tir dit liéu khao sat
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g -0.15 g -0.15
(@] o
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0 5 10 15 0 5 10 15
thoi gian (giay) thoi gian (giay)
a. buong nhua kho b. BPuong nhya uot
Hinh 15. Géc xoay thin xe v6i van téc ban dau v0=40 km/h
Nguon: Két qua xir Iy tir dir liéu khdo sat
® 0
= i)
2 e
= Y
<C x
£ -01 5
> £
®© >
2 \ g
[&) 4 o
-0 -0.2 Q
) =
0 5 10 15 0 5 10 15
thoi gian (giay) thoi gian (giay)
a. Buong nhua kho b. Buong nhya udt
Hinh 16. Géc xoay than xe v6i van toc ban dau v0=60 km/h
Nguon: Két qua xir Iy tir dit liéu khao sat
— 0.1
g 0 =
= @
(O] —
x )
C x
<01 &
-~ <
- =
© >
=} i
o
O
S -0.2 . ‘é
0 5 10 15 0 5 10 15
thoi gian (giay) thoi gian (giay)
a. Puong nhua kho b. Buong nhya uot

Hinh 17. Géc xoay than xe v6i van toc ban dau v0=80 km/h
Nguon: Két qua xir 1y tir dir liéu khao sat
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Duya vao két qua ¢ cac Hinh 14, Hinh 15,
Hinh 16, Hinh 17 ta thiy ring ¢ véan tc ban
dau thap (v0=20 km/h), thi goc xoay than xe
khi danh 1ai va tra 1ai gan bang nhau. Tuy nhién
khi van tdc ban dau tang 1én thi s¢ xuét hién luc

ly tdm lam cho goc xoay than xe khi tra 1ai s€
tang dan 1én. Quy dao chuyén dong cia xe 6 to
duogc biéu dién tuong ing véi cac van toc ban
dau & cac Hinh 18, Hinh 19, Hinh 20, Hinh 21.

80 80 r
60 60 |
—~ 40t L
é ,g 40
> 20 > o0t
0 0
20 ¢ -20 ¢
0 10 20 30 40 0 10 20 30 40
x (m) X (m)
a. buong nhya kho b. Buong nhya uot
Hinh 18. Qu§y dao ciia xe véi van toc ban diu v0=20 km/h
Nguon: Két qua xit Iy tir dit liéu khao sat
150 150
-5
100 100 |
E 50 E 50
> >
0 0
-50 - - - : : : -50 *
-40  -20 9 20 40 60 0 20 40 60 80
X (m) X (m)
a. Puong nhya kho b. Puong nhya udt
Hinh 19. Qu§y dao ciia xe véi van toc ban diu v0=40 km/h
Nguon: Két qua xv Iy, tir dit liéu khdo sdt
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a. Puong nhua kho

Hinh 20. Quy dao ciia xe véi van tdc ban diu v0=60 km/h

Nguon: Két qua xir Iy tir dit liéu khao sat
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a. buong nhua kho
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b. Buong nhya uot

Hinh 21. Quy dao ciia xe véi van toc ban diu v0=80 km/h

Nguon: Két qua xir Iy tir dit liéu khdo sat

Duva vao Hinh 18, Hinh 19, Hinh 20, Hinh
21 ta thay rang khi tra 1ai thi c6 xu hudng xe bi
danh 14i thira. Vi xe ¢6 trang bi hé théng ESP
s& ¢o tac dong dé giup vé gan quay vong dang.

4. KET LUAN

Trong nghién cru nay, nhoém tac gia da
xay dung mé hinh todn hoc md phong chuyén
dong quay vong cua xe 6 t0 du lich c6 trang bi
hé thong can bang dién tir ESP. Thong qua viéc
ap dung cac phuong phap moé phong hién dai,
bao gém Polynomial Chaos va cic thuit toan
giai phuong trinh dong luc hoc phirc tap, két
hop st dung phin mém Matlab Simulink,
nhom nghién ctru da danh gia dugc anh huong
ciia hé thong ESP dén cac thong s6 chuyén
dong quan trong cua phuong tién nhu van tc,
goc quay than xe va quy dao chuyén dong trén
cac diéu kién mat duong khac nhau.

Két qua mo phong cho thiy, ¢ van tdc thap
(20 km/h), su khac biét gitra xe c6 va khong co
trang bi ESP 1a khong dang ké. Tuy nhién, khi
van tdc tang 1én (40 km/h tré 1€n), hé théng
ESP thé hién vai tro vuot troi trong viéc duy tri
6n dinh chuyén dong cia xe, giam thiéu goc
quay than xe va han ché su sai léch quy dao so

v6i du kién. Pac biét, trong diéu kién mat
duong c6 hé sé bam thap (dudng udt), sy can
thiép ctia ESP gitip giam rd rét hién tuong mat
lai va hién tugng danh lai thira (oversteering),
tir d6 gop phan ning cao do an toan cho ngudi
lai va hanh khach.

Ngoai ra, su thay doi van téc va goc quay
than xe khi c6 sy hd trg ctia ESP phu hop véi
cac nghién ctu trudc day cua Wang va cong su
(2018), va Gupta va cong su (2020), khing
dinh tinh chinh xac cia moé hinh toan hoc va
phuong phap mo phong da dugc xay dung.

Tir goc d6 1y thuyét, nghién ctru da khing
dinh vai trd quan trong cua vi€c mo hinh hoa
chinh x4c cac yéu td dong luc hoc khi thiét ké
hé thong diéu khién 6n dinh cho 6 to, phu hop
voi cac phan tich trong Road Vehicle
Dynamics cua Rill (2020). M6 hinh toan hoc
khong chi gitip dy bdo hanh vi van hanh cua xe
trong cac tinh hudng cu thé ma con hd tro phat
trién céc thut toan diéu khién thong minh hon,
vi du nhu Adaptive Fuzzy PID Control duoc dé
xuat boi Wan va cong su (2020).

Vé mat ung dung, nghién ctu nay cung
cap mot cong cu quan trong cho viéc dao tao
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ky su co khi dong luc, gitp sinh vién va k¥
thuat vién hiéu rd hon vé tac dong cua ESP va
cac yéu t6 anh huong dén dong luc hoc phuong
tién. M6 hinh mé phong ciing c6 thé dugc sir
dung nhu mot co s¢ dé phat trién cac hé thong
hd tro 14i xe tién tién khac, chéng han nhu hé
thong kiém soat lyc kéo (TCS), hé thong canh
bao 1&ch lan (LDW), hodc cac chirc nang tu lai
trong tuong lai.

Trong céc nghién ciru tiép theo, nhom tac
gia d& xuat mo rong mo hinh dé khao sat anh
hudng cta ESP trong cac tinh hudng van hanh
phtc tap hon, chang han nhu khi c6 gi6 bén,
khi xe chuyén lan khan cap hodc khi van hanh
trén cac loai mat duong khong dong nhat.
Dong thoi, viée tich hop cac thuat toan didu
khién hién dai dua trén tri tué nhan tao (AI)
ciing s& duoc xem xét nham nang cao hiéu qua
va kha ning thich tng ciia hé théng ESP ddi
voi cac diéu kién van hanh da dang trong thuc
té.

Nhu vay nghién ciru di ching minh rang
hé thdng can bang dién tir ESP 1a mot yéu t6
khong thé thiéu dé dam bao an toan va on dinh
cho xe 6 t6 du lich khi quay vong, dac biét
trong cac diéu kién mat duong c6 hé sb bam
thép hodc van tdc cao. Viée ap dung cac md
hinh toan hoc va phuong phap moé phong hién
dai khong chi gitp danh gia hiu qua cua hé
thdng ma con mé ra nhitng huéng di méi trong
thiét ké va phat trién cac hé thong hd tro l4i xe
tién tién trong tuong lai.
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