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NGHIEN CUPU THIET LAP PHUONG PHAP DIEU KHIEN
CHUYEN LAN O TO SU DUNG BO PIEU KHIEN MO’

RESEARCH ON ESTABLISHING A METHOD OF CONTROLLING CAR
LANE CHANGE USING FUZZY LOGIC CONTROLLER

Nguyén Trong Hoan
Truong Dai hoc Bach khoa Ha Noi

TOM TAT

Dé thiét ldp hé thong diéu khién cho 6 16 tw ldi cdn gidi quyét rat nhiéu van de, trong dé diéu
khién chuyén lan la mét trong nhitng buéc di dau tién. Mdc dii vdy, cho téi nay méi chi c¢6 mot sé
it 6 t6 dwoc trang bi tinh ning tw dong chuyén lan. Hon thé nita, tinh ndng ndy ciing chi phdt huy
hiéu qua trong diéu kién dwong thong thodng, mdt dd xe khéng cao va vin toc tuwong doi on dinh.
BG6i vy, viéc nghién ciru qud trinh diéu khién chuyén lan é té van dang tiép tuc nham ndng cao tinh
an toan va kha nang vin hanh trong diéu kién phirc tap hon. Bai bdo trinh bay mét phirong phdp
diéu khién chuyén lan ciia 6 t6 con trén dwong cao téc, dwoc xdy dung dwa trén mé hinh dong lc

hoc mot vet va bo diéu khién 16 gic mo.

Tir khoéa: O 16 tie ldi; Piéu khién chuyén lan; M6 hinh dong lec hoc mot vét; B diéu khién

16 gic mo.
ABSTRACT

To set up a control system for self-driving cars, it is necessary to solve many problems,
in which lane change control is one of the first steps. However, at present, only a few cars are
equipped with the automatic lane change feature. Moreover, this feature is only effective in clear
road conditions, the vehicle density is not high and the speed is relatively stable. Therefore, the
research on the car lane change control process is continuing to improve safety and performance in
more complex conditions. This paper presents a method of controlling the lane change of passenger
cars on the expressway, which is built based on a single-track dynamics model and a fuzzy logic
controller.

Keywords: Self-driving car; Lane change control; Single track kinematic model; Fuzzy
logic controller.
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1. PAT VAN PE

O t6 tu lai so hiru mot hé théng diéu
khién rat phtrc tap voi lugng thong tin khong
16 can xt 1y trong thoi gian rat ngan. Vi vay,
nhimg tiéu chi hang dau thuong dit ra véi cac
b diéu khién cta né 14 phai ¢é cau tric tdi gian
va thoi gian xir 1y toi thiéu. Chang han, dé diéu
khién chuyén lan, bo diéu khién can xu 1y cac
thong tin vé van tdc cua xe, vi tri lan duong,
khoang cach vdi cac xe xung quanh, bién bao
giao thong, ... trong thoi gian ngin nhét co thé.
Hién nay da c6 mdt s6 6 to duoc trang bi hé
thong tu dong chuyén lan va phat huy tic dung
t6t trén duong cao tdc. Tuy nhién, khi chuyén
dong trong thanh phd véi mat do giao thong
cao thi tinh ning nay gan nhu khong con phat
huy duoc hi¢u qua. Vi nhiing ly do trén, cac hé
thng diéu khién chuyén lan van dang can dugc
tiép tuc nghién ctru, hoan thién dé co thé gitp
cho 6 6 tu 1ai trong nhimg diéu kién phtc tap
hon huéng t6i c6 thé thay thé hoan toan ngudi
lai.

Véi quan diém xay dung mot hé thong
diéu khién don gian va hiéu qua, tic gia bai
béo dd nghién ciru va dé xuat mot phuong phap
diéu khién chuyén lan 6 t6 trén dudng cao tdc
dua trén mo6 hinh dong lyc hoc mot vét va bd
diéu khién 16 gic mo.

2. MO HINH PONG LUC HQC MQT VET

Phuong phap xay dung mo hinh dong
luc hoc da duogc trinh bay trong bai bao [1] véi
so do tinh toan nhu trén hinh 1.
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Hinh 1. M6 hinh dong luc hoc mot Vvét é 16 con

Hé phuong trinh mé ta chuyén dong
cua 0 t6 duoc viét nhu sau:
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Trong do:
P =-fG -P; P=F-fG, - Cau sau chi
dong;

P, =P, - fG,; P. =G, - Ciu tru6c chi dong;

X, Y - Toa dg trong tam 6 t6 theo hé
toa do cb dinh; 0, 6. - Goc lan 1¢ch banh xe cau
trudce va sau; f 1a hé s6 can lan; G, G, - Trong
luong phén b 1€n cac cau trude va sau; P, 1a
luc can lan; P, 1a lyc kéo; P - Luc can khong
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khi; A_ - Dién tich can chinh dién; C_- H¢ s6
can khong khi; p - Mat do khong khi (p 1,225
kg/m?); V - Van tbc chuyén dong cua 6 6.

Dé mo phong qua trinh chuyén lan cta
0 t0, co thé st dung cac quy luat l1ai khac nhau.
O day, quy luat dugc lua chon la sin:

0=0,sinwt (11)

Vi vay, cac thong so dicu khién can xac
dinh la bi€n d6 6 va tan s6 goéc .

Céc s6 liéu tinh toan cho m6 hinh dong
luc hoc dugc lay theo [1].

3. CAC TIEU CHi PANH GIA

V6i gia thiét, qua trinh chuyén lan xay
ra trén dudng cao toc va khong bi vudng bai
cac xe lan can, trir xe phia trude cung lan, chat
luong cua qua trinh dugc dénh gid qua 3 tiéu
chi sau: quy dao, an toan va ém diu.

Viéc dam bao quy dao chuyén dong da
duogc trinh bay trong [1]. Trong do, d§ chinh
xac cua quy dao dugc danh gia thong qua do
1éch cua trong tAm so voi tim dudng khi 6 t6 két
thiic qua trinh chuyén lan.

Trong diéu kién khao sat néu trén, tiéu
chi an toan dugc danh gia thong qua khoang
cach t6i xe phia trugc S. Khoang cach nay
duoc luya chon dua trén khodng céch an toan
theo Thong tu 31/2019, B6 Giao thong Van tai
(bang 1).

Bdng 1. Khoang cach an toan

V (km/h) S, (m)
60 <V <80 55
80 <V <100 70
100 <V < 120 100

Trong thiét 1ap quy dao chuyén lan,
khoang cach an toan duoc st dung dé danh gia
kha ndng va cham vdi xe phia trude. Trong trudong
hop x4u nhét 6 t0 phia trudc dang chuyén dong
voi vén toc V,, phanh dot ngot. Quang duong
phanh nhé nhat ctia 6 t6 nay c6 thé duogc tinh
tir phuwong trinh chuyén dong ciia né. Gia st, 6
t6 phia trudc ¢ cac théng sd twong tu nhu 6 to
chuyén lan. Khi d6, phuong trinh chuyén dong
ctia 6 t6 nay duoc viét nhu sau:

mX, =P, +P, +P,

Trong do6: X 1a vi tri cta trong tim cua
0 t6 phia trude theo phu’ong X, P_la lyc phanh.
Gia thiét rang, quing dudng phanh ngin nhat
dat dugc khi lyc phanh dat t&i gidi han bam, gia
toc theo phuong X ciia xe phia trude duoc tinh
nhu sau:

X ZL((pmg+fmg+%Awaprj (12)

Gidi phuong trinh trén véi van toc ban
dau cho trude V=X, (0) va van toc cudi
bang 0, ta xac dinh duqc quang duong phanh
6i thiéu S, .. Nghia 1a, tir khi phanh, 6 to s&
chay thém du’orc quang dudng S min- DAY, chinh
1a khoang dy trir an toan trong khi chuyén lan,
néu xe trudc dimg dot ngot. Bé dam bao an
toan, quang duong xe di dugc trong qua trinh
chuyén lan X .. can thoa méan diéu kién:

X S8, +8,0in

b6 ém diu dugc danh gia thong qua
gia toc ngang tai trong tam cua 0 to a. Gia toc
nay cang thap thi 46 ém diu cang cao, nghia
1a nguoi ngdi trén xe it cam giac kho chiu khi
chuyén lan. Theo cic nghién ciru di cong bd
[2], dé ngudi ngdi trén xe hoan toan thoai mai,
gia toc ngang khong dugc vuot qua 1,8 m/s?,
Tuy nhién, muc trung binh c¢6 thé chap nhan 1a
3,6 va ngudng gidi han 1a 5 m/s%.
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4. XAC PINH THONG SO DPIEU KHIEN
BANG LO GIC MO

Véi quy luat 141 dang sin nhu da chon
trén day (11), trong qué trinh chuyén lan, cac
théng s0 diéu khién (o va §_) phu thudc vao
diéu kién chuyén dong gém nhiéu yéu t tac
dong khach quan. Do pham vi nghién ctru dugc
gidi han 1a chuyén lan 6 t6 con trén duong cao
tdc, nén cac thong sé dic trung cho diéu kién
chuyén dong duoc chon 1a van toc V (km/h) va
khoang cach t6i xe phia trude S, (np). Cac két
qua nghién ctru trude day da cho thay, quy luat
phu thudc cua cac thong sb diéu khién chuyén
lan va diéu kién chuyén dong rat phic tap [1].
Vi vay, trong nghién clru nay, tac gia da lya
chon 16 gic mo dé xac dinh cac thong sé diéu
khién trong diéu kién chuyén dong cu thé.

Goi x 12 vén tdc, y la khoang cach toi xe
trude va z 14 tan sd goc diéu khién. Trong do, x
va y 1a cac bién dau vao, con z 1a bién dau ra.
MB&i bién dugc mé ta bai 3 tap mo, cu thé nhu
sau:

Van toc: A| = thap; A, = trung binh; A,
= cao.

Khoang céch t6i xe trude: B, = gan; B,
= vura phai; B, = xa.

Tan s6 goc: C = thap; C, = trung binh;
C, = cao.

Mo hoa cac bién va cac ludat mo duoc
mo ta nhu trén cac hinh 2 - 5.

G0 63 T0 TS B0 OBS 90 95 100 1035 P10 115 120

Hinh 2. Bién dau vao: van toc V (km/h)

By B> Bz

5 55 60 65 70 75 RO BS990 95 |00

Hinh 3. Bién dau vao: khoang cdch S, (m)

L2 1% 14 1.5 16 L7 18 L9 20 201 22 23 24

Hinh 4. Bién dau ra: tan sé géc o (rad/s)

Luat mo:

I.Néux1a A hofcylaB, thizlaC,
2. Né’u xlaA vaylaB,thizlaC,
3.NeéuxlaA, hoicylaB, thizlaC,

Hinh 5. Mo hoa va cac ludt mo

Khi mé phong chuyén lan véi van tdc
la Vv yél khgéng cach t('?i xe phia tr}rércrlé St’
bo di€u khién mo s€ xuat ra gia tri tan so di€u
khién o.

Céc két qua tinh toan da cho thay, mdi
quan h¢ gitra tan s6 diéu khién o va bién do 3
véi van toc V ¢ quy ludt nhu mo ta bang do
thi trén hinh 6. Tir cac két qua nay, c6 thé rit ra
quy ludt quan h¢ gitra chung dudi dang:

Aa)b

0, =—
=
Trong do: a, b la cac hé s6; V 12 van toc
tinh theo km/h; ® 1a tan s6 goc (lay tur bo dicu
khién mo).

Nhu vy, v6i cac didu kién cu thé 1a van
tdc va khoang cach téi xe trude, bang phuong
phap tinh toan mo ta trén dy, ta co thé thiét lap
quy dao chuyén dong chuyén lan cia 6 to.
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Hinh 6. Moi quan hé giita cdc théng sé diéu khién
(6, w) v&i vdn toc o 16

5. KET QUA VA NHAN XET

Két qua tinh todn moé phong cho thay,
v6i hai thong sb dau vao 1a véan toc va khoang
cach t6i xe trude, quy dao chuyén lan cia 6 to
duoc thiét 1ap dap g cac yéu cau vé do chinh
xac, an toan va ém diu.

~ Véikhoang cach S, =100 m va van toc
bién thién tor 70 dén 120 km/h, cac quy dao
trong tam 6 to twong mg duogc thé hién trén
hinh 7. C6 thé thay rang, trong tat ca cac truong
hop khéo sét, qua trinh chuyén lan két thuc khi
trong tAm 6 to ndm trén tim cua lan dudng véi
sai 1éch khong dang ké. Diéu nay duogc thé hién
10 trong bang 2. Trong do,X vaY  latoado
trong tdm ¢ thoi dlem két thuc qua trlnh chuyén
lan. Co thé thay rang, sai 1éch 16n nhit dugc ghi
nhan & van toc 120 km/h 1a 16 mm.

Céc d6 thi trén hinh 8 cho théy su bién
thién cua cac thong sé diéu khién o va o _ theo
van toc chuyén dong. Cac thong sé nay dugc
tinh toan tir van tdc va khoang cach an toan
bang 16 gic mod nhu d trinh bay trong muc 4.

Bdng 2. Toa dj trong tdm 6 16 khi két thiic chuyén
lan (S =100 m)

V (km/h) X,,,, (m) Y, . (m)
70 87.6747 3.749
80 87.9139 3.744
90 97.1104 3.750
100 102.8453 3.749
110 107.5232 3.744
120 115.2131 3.734
E._
r=r=r=r-r-=r-r-r
. Blkm/h P0km'T Inﬂ?knvh -I | e

V= Tokm/h _
Vo= 1 20km'h

4 Su=100m
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X (m)
Hinh 7. Quy dao trong tam 6 to ¢ cac van toc tir
70 - 120 km/h
2
[ 1

T 16 — - .
& £
= 1.2
i
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ry "___'._—‘—'—I-H—ml
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0
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Hinh 8. Bién thién cdc thong sé diéu khién theo
vin toc (S, = 100 m)
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Hinh 9. Bién thién gia toc ngang theo vin toc
(S, =100m)

Do khoang cach téi1 xe trude du lon
(khoang cach S = 100 m), nén trong moi trudng
hop, 0 t0 chuyen lan véi @ ém diu kha cao.
Trén hinh 9 thé hién gi4 tri gia téc ngang cuc
dai dat duoc khi chuyén lan khong vuot qua 2
m/s’.

Céc tinh todn khao sat cling dugc thyc
hién cho céc truong hop chuyén lan khi khoang
cach t6i xe trudc thay d6i. Trén hinh 10 thé hién
quy dao trong tAm 6 t6 véi van téc 100 km/h va
khoang cach an toan thay dbi tir 60 - 100 m. C6
thé nhan thay rang, trong tat ca cac truong hop,
bo diéu khién md d xac dinh dugc cac thong
s6 diéu khién dé thiét 1ap quy dao chuyén dong
dap Gmg cac yéu cau da dit ra.

Hinh 11 thé hién mdi quan hé giita gia
téc ngang voi khoang cach téi xe trude S.. Két
qua cho thay, khi chuyén lan & 100 km/h voi
S, bién thlen tor 60 - 100 m, quy dao chuyen
dong van duoc thiét lap dap mg cac yéu cau
da dat ra. Tuy nhién, néu khoang cach S, nho
hon 80 m thi d6 ém diu giam (gia tc ngang 16n
hon 2 m/sz) Trong cac truong horp nay, néu xe
trude van chuyén dong véi van tde khong ddi
60 km/h nhu di gia thiét, thi hoan toan khong
c6 nguy co va cham. Tuy nhién, néu xe trudc
phanh gip thi quing duong chuyén lan c6 thé

16n hon khoang cach an toan (Xm WS TS, ).
Pay 1a diéu can luu y khi thiét lap quy dao

chuyén lan cho 6 t6 tu 14i.

140

Hinh 10. Quy dao trong tdm 6 t6 ¢ van t6c 100
km/hva S, ti 60 - 100 m

2.5 . .
. 2 \.\.
2
E15 | , : : -
m‘-
1
0.5
0
60 70 80 a0 100
S (m)
Hinh 11. Gia toc ngang & vdn toc 100 km/h va S,
tir 60 - 100 m
6. KET LUAN

Bai bao trinh bay mot phuong phép diéu
khién quy dao chuyén lan cho 6 to trén duong
cao toc str dung 16 gic mo. Céac két qua tinh
todn mo phong voi mé hinh dong lyc hoc mot
vét da cho thdy, quy dao chuyén lan cta 6 to
dugc thiét 1ap dap ting cac yéu cau vé do chinh
xac, dam bao an toan va ém diu. Pay la mot
phuong phap don gian, hi¢u qua va dac bi¢t la
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c6 thoi gian xir 1y rit ngan, nén phu hop véi hé
thong diéu khién cta 6 t6 ty 14i. Néu duoc tiép
tuc nghién ciru phat trién, phuong phap nay co
thé dugc sir dung cho cac tinh hubng phuc tap
hon. %
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