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TOM TAT

Gan day, viéc phdt trién cdc phwong tién két néi va tw ldi da cé sw quan tam dang ké. Trong
bai viét nay, chung toi danh gia vé dé on dinh chudi ciia hai nhém xe véi cdac xe dwoc trang bi hé
thong diéu khién thich nghi hanh trinh ACC va cdc xe dwoe trang bi hé thong phéi hop diéu khién
thich nghi hanh trinh CACC, trong d6 cdc xe ¢é kha ndang két néi véi nhau théng qua kénh V2V,
Piéu kién dé on dinh chudi dwoc danh gid thong qua do thi dap iing tan sé.

T khoa: Hé thong hé tro li xe tién tién; Hé thong diéu khién thich nghi hanh trinh; On
dinh chudi; O t6 tw ldi; Hé thong giao théng thong minh.

ABSTRACT

Recently there has been considerable interest in the development of connected and
autonomous vehicles. In this paper, we evaluate the string stability for two platoon, in which vehicles
equipped with Adaptive Cruise Control and vehicles equipped with Cooperative Adaptive Cruise
Control with the vehicles are connected to each other through the V2V channel. The string stability
condition is evaluated through the frequency response graph.

Keywords: ADAS; ACC; String stability; Self-driving cars, Intelligent transportation system.

1. PAT VAN PE

Trong vai thap ky qua, sb luong phuong
tién ngay cang tang va nang luc duong bd han
ché dd giy ra cic van dé giao thong nghiém
trong, chang han nhu tic nghén giao thong va
tai nan duong bo. Hé thong giao thong thong
minh (ITS) 1a mot trong nhing giai phap nham
cai thién diéu kién giao théng hién nay [1].

Nhom phuong ti€n 1a mot trong nhiing cong
nghé ITS. Y tuong dau tién vé to chirc cac xe
thanh mot d6i hinh cung nhau di chuyén duoc
tac gia [2] dua ra: Viéc hinh thanh m¢t nhém
xe di chuyén trén dudng cao téc dugc goi 1a
mot doi hinh xe, bao gdm xe din dau va cac
xe theo sau di theo xe dan dau bang cach giir
khoang cach nhat dinh, trong d6 xe di sau trong
d6i hinh dugc diéu khién tu dong.
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Hi¢u suit cia mot doi hinh xe co thé
duogc danh gia bang hai dic diém chinh: 6n
dinh bén trong va on dinh chudi. Mot doi hinh
khong 6n dinh dan dén 16i khoang cach giira
cac 6 t6 s& ngay cang lon [3]. Su khuéch dai
lién tuc nay co thé dan dén viéc mat kiém soat
d6i voi doi hinh xe, c¢6 kha ning dan dén tai
nan hodc tinh trang mét an toan. Noi chung, rat
dé ching minh do 6n dinh bén trong cia cic
do1 hinh xe nay va thach thirc thuong la chung
minh d6 6n dinh chudi ctia doi hinh xe. Vi vy,
trong bai bao nay, chiing toi chi tap trung vao
phan tich d6 6n dinh chudi.

Cong nghé két ndi cac phuong ti¢n V01
nhau (V2V) tao diéu kién phat trién cac cau
trac lién két khac nhau [4]. Loi ich cua cac ciu
trac lién két nay trong viéc giam khoang cach
giita cac xe trong mot doi hinh, dong thoi dam
bao d¢ on dinh chudi.

Trong bai b4o nay, ching toi phan tich
do 6n dinh chudi cho hai nhom xe, trong do
nhém xe thtr nhét, xe theo sau trang bi hé théng
ACC vanhom xe thr hai, xe theo sau dugc trang
bi hé thong phéi hop diéu khién thich nghi hanh
trinh CACC. Hai nhém xe nay di chuyén ciing
mot téc do lac dong thoi duy tri mot khoang
cach nho gitra cac xe lién ké trong nhom.

2. HE THONG PIEU KHIEN CUA MOT
NHOM PHUONG TIEN

Gia stir nhom phuong tién di chuyén tir
trai sang phai bao gdm N + 1 xe nhu minh hoa
& hinh 1, trong d6 cac xe duoc liét ké voi chi s6
i=0;...: N, i= 0 biéu thi xe din dau. V] tri cua
xe thtr i so v6i diém quy chiéu cb dinh trén 1&
duong dugc ky hi¢u la la p,, khoang cach gitra
xe i va xe i — 1 duge ky hi€u 1a d, dugc do
boi cam bién ddt ¢ xe thir i va L, 1a chiéu dai
xe. Poi hinh xe thtr nhat, cic xe theo sau dugc

trang bi hé théng didu khién thich nghi hanh
trinh ACC (hinh 1a), d01 hinh xe thir hai, cac xe
theo sau duoc trang bi hé théng phdi hop diéu
khién thich nghi hanh trinh CACC (hinh 1b),
tte 14 cac xe theo sau c6 kha niang két ndi V2V
dé nhan thong tin tir xe phia trudc.
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b. Doi hinh xe dugc trang bi hé théng CACC

Hinh 1. Cdu triic hé thong

Tham chiéu cho céc cdu trac hé thong
diéu khién ACC cua xe theo sau la khoéng cach
mong mubn d. . duoc xac dinh bang cach su:
dung chién hroc '[hO’l gian di chuyén mong muén:

d; 0 =15+ hy, (1)

Trong do, r, la khoang cach mong mudn
khi dung lai, h, 1a thoi gian di chuyén mong
muon va v, la van toc do dugc cua phuong tién i.

Xem xét khoé}ng cach thuc té d la d
li¢u nhan tir cam bién radar va khoang cach
mong mudn d. L la chiéu dai xe. L6i khoang
cach e, gilta xe i vai— 1 dugc dinh nghia trong
[5] la:

ei :di,ref _di = zref (pz 1 Lv _pz) (2)

M6 hinh tuyén tinh hoéa cho dong luc
hoc theo phuong doc cua 6 t6 thu dugc nhu sau

[5]:
7,a4,(t) +a,(t) =u,(?) (3)
Trong do, 3, 1a gia toc cia xe thir i, u. la

gia tbc mong muén cia xe thi i, T, la tham sO
dong luc hoc ctia bd truyen dong.
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Thuét toan kiém soat khoang cach cho
hé thong ACC cua phuong tién di theo sau trong
d61 hinh xe thir nhat c6 thé dugc mo ta bang:

U yoc =k, (Vi —v) +ke (4)

Str dung phuong trinh (1), (2), cung voi
mo hinh dong luc hoc 6 t6 (3) va luat kiém (5),
ta thu dugc ham truyén sai sb khoang cach g1u’a

cac xe lién ké cta doi hinh xe trang bi hé thong
ACC:

Ei(S) — kvs + ke
E_ (s) t,8+s +(k +kh)s+k,

Trong d6, E(s), E_(s) 1a bién doi
Laplace cua e, e twong ng.

)

H i,ACC (s):=

Thuat toan kiém soat khoang cach cho
hé thong CACC cua phuong tién di theo sau
trong doi hinh xe thir hai c6 thé dugc mo ta
bang:

=ka,_ —ka +k;(v._ —v)+ke (6)

l c4cc
Duya vao phuong trinh (1), (2), cung Vo1

mo6 hinh dong luc hoc 6 t6 (3) va luat kiém (6)
ta thu dugc ham truyén lién quan dén sai s6

khodng céch giita cac xe lién ké ctia di hinh xe
trang bi hé théng CACC:

E(s) _
E_(s) ; (7)

3.PHAN TiCH ON PINH CHO HE THONG

ks® +ks+k,
r,5° +(1+ky)s” + (ks +k,h)s +k,

H, cicc (s)=

Mot doi hinh xe dugc trang bi h¢ théng
ACC/CACC di chuyén cing liic co thé gip
phai sy mat 6n dinh chudi, van dé yéu cau la
phai phat trién mot phuong phap dé xac dinh
su 6n dinh chudi cho mot doi hinh xe. Hé théng
dugc coi 1a 6n dinh chudi néu céac 16i khoang
cach e, khong duoc khuéch dai khi chiing lan
truyen dén xe cudi cung ciia d6i hinh. Néu
chudi khong 6n dinh, diéu d6 c6 nghia 1a 16i

khoang cach gitta cac xe s€ ngay cang lon. Sy
khuéch dai lién tuc nay co thé dan dén viéc mat
kiém so4t, va c6 kha niang dan dén tai nan hoic
tinh trang mét an toan. Vi vay, diéu c6t yéu la
phai dam bao do 6n dinh chudi dé duy tri hanh
vi an toan va phdi hop cua céc xe.

Diéu kién dé dap tmg 6n dinh chudi cia
xe dugc mo ta bdi moi quan hé dugce trinh bay
trong [3]:

[ <1=el, 2], 2 2ed. @)

Mot giai phap heuristic dugc dé xuét dé
phan tich su 6n dinh chudi cho mot nhém xe
dong nhat dya trén diéu kién (8). Cac gia tri
thot gian 4, >0 duoc dua ra theo thir ty tang
dan va do thi dap tng tan sé ctia ham truyén
H.(jw) twong tmg dugc v&, kiém tra diéu kién
||H (]a))” <1 voi ®>0 bang cach kiém tra do
16n cua d6 thi dap ung tan sd, néu do 16n cuc
dai nho hon hoac bang 1 thi h¢ thong dam bao
on dinh chudi, tuc 1a diéu kién (8) dugc thoa
man. Nguoc lai, d§ 16n cuc dai 16n hon 1 thi hé
théng khong 6n dinh chudi tirc 1a diéu kién (8)
khong dugc thda man.

Dua vao két qua trong [6], ham truyén
lién quan dén sai s6 khoang cach giita cac xe
lién ké cua 2 ddi hinh tuong Ung cac xe dugc
trang bi 2 hé thong ACC va CACC thu duoc
nhu sau:

0.85+2
H. s) = 9
race(s) 0.255° + 5% + (0.8 + 2/ )s +2 ©)

0.125s> +0.45+22.5
1CACC()_
0.25s° +25* +(0.4+22.5h)s +22.5

(10)

Piéu kién on dinh chudi tir phuong
trinh (8) da duogc ap dung cho ham h(s) bang
cach tang h, tr 0 dén gia tri thoa man diéu kién
6n dinh chu01
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Téng gié tri thoi gian h, tir Os dén 0.65s, déi voi

hé thong ACC, 0s < h, <0.65s, ta thay rang d6
thi d4p mg tan s6 16n hon 1, do d6 khong thoa
man diéu kién 6n dinh (8), hé théng khong 6n
dinh. Tuy nhién, gia tri thoi gian h.= 0.65s, dd
thi dap Gng tan sb nho hon 1, thoéa méan didu
kién (8), hé théng dam bao 6n dinh chudi.

Déi véi hé théng CACC, 0s<h <0.4s,
ta thay rang do thi dap Gmg tan s6 16n hon 1, do
d6 khong thoa man diéu kién 6n dinh (8), hé
thong khong 6n dinh chudi. Tiép tuc ting gia tri
h, gia tri thoi gian h, > 0.4s, d6 thi dap tng tan
s6 nho hon 1, diéu d6 cho thiy hé théng dam
bao 6n dinh chudi. Néu gia tri h. cang 16n thi
d6 thi dap tng tan sd cang nho hon 1, hé thong
cang 6n dinh, tuy nhién gi tri h. cang 16n dan
dén khoang cach mong mudn cang 16n hon nhu
thé hién trong cong thirc (1), va do do sé& tao ra
khoang cach 16n gitra cac xe trong doi hinh.
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Hinh 3. D6 thi ciia dji hinh xe ACC

Thong qua két qua phan tich d6 6n dinh
chudi, r6 rang doi hinh xe trang bi hé thong
CACC c6 gia tri thoi gian h, nhé hon nhiéu so
v6i doi hinh xe trang bi hé théng ACC, diéu
d6 ching minh rang khoang cach giita cac xe
trang bi hé thong CACC nho hon khoang cach
giita cic xe trang bi h¢ théng ACC, tirc 1a chidu
dai nhom xe CACC ngén hon, kha ning ting
luru Iwgng xe tt hon.

4. KET LUAN

Trong bai bao nay, mdt phuong phap
phan tich 6 6n dinh chudi cho mot doi hinh
thir nhit trong d6 cac xe dugc trang bi hé théng
ACC va cho mét doi hinh thur hai trong d6 cac
xe dugc trang bi hé théng CACC da duoc trién
khai. Gi4 tri thoi gian h. nho nhét thoa man
diéu kién 6n dinh chudi dugc quan tdm. Dua
vao két qua phan tich, chung ta thiy rang d6 on
dinh chudi xe trang bi hé thdng CACC co thé
dép tmg dugc voi h, nhé nhét 1a 0,4s, trong khi
nhoém xe trang bi hé thong ACC dam bao 6n
dinh nhém véi gia tri h, =0.65s. Diéu nay cho
thdy rang doi hinh xe trang bi hé thong CACC
cai thién luu luong xe luu thong tot hon do
khoang gifta cac xe nho hon nhu thé hién trong
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cong thue (1), trong khi van duy tri d6 6n dinh
cta nhom. Hudng nghién clru tuong lai, tac gia
s& md phong, danh gia hiéu qua cia hé thong
CACC.#
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