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Tém tit - Viéc didu khién phuong tién tu lai dang 13 chu dé dwoc
rat nhidu nguoi quan tm hién nay béi nhimg vu diém nhu ting
do an toan, rat ngén thoi gian di chuyén giam chi phi di lai, giam
Un tic giao thong. Khi di chuyén trén nhitng con duong, cac
phuong tién ty 1ai ¢6 thé phét hién duoc cac chudng ngai vat cb
dinh trén cling lan duong. Bai bao nay d8é xut mot giai phap thiét
1ap quy dao chuyén dong mong muon dugc st dung dé tinh toan
dudng di sao cho xe ty lai ¢6 thé vuot qua céc chudng ngai vat co
dinh trén cung lan duong di chuyen Ham quy dao mong mudn,
dwa trén thdng tin tir cc cam bién vé khoang cach dén cac phuong
tién phia trude, tinh toan thoi. diém dé vuot qua chudéng ngai vit.
Kich ban quy dao mong mubn dugc dé xuit thuong xuyén gap
trong thuc té€ khi xe di chuyén, trong dé cac chuéng ngai vat cb
dinh 1a xe phia trudc dang dimg lai. Két qua da chang minh tinh
hiéu qua cua giai phap thiét 1ap quy dao dé xuét.

Tir khoa - Diéu khién phuong tién tu l4i; 1ap quy dao mong muén;
quy dao chuyén dong; trdnh chudng ngai vat; dong luc hoc 6 to.

1. Pit vin dé

Theo nghién ctru ctia nhom tac gia [1] da dua ra muc
tiéu chinh trong linh vuc xe tu hanh c6 c&c hudng lién quan
dén viéc giam mirc tiéu thy nhién lidu, giam thiéu khoang
céch giira cac phuong tién, giam thoi gian di chuyén va
quan trong nht 12 cai thién su an toan va thoai mai ciia moi
ngudi. Bé dat duge muc tiéu ndy, c4c phuong tién tu dong
phai thyc hién ba budce chinh [2]: i) quan sat moi trudng
(cam bién), ttc 12 phat hién ca chudng ngai vat trén duong
va cac phuong tién khaC bang cam bién ¢6 sin; i) dé lap
lich trinh chuyen dong tiép theo (quy dao mong muon) tuc
1a ra quyét dinh hanh dong trong tuong lai ctia 6 t6 bat dau
tir cac phép do tir c4c cam bién va iii) dé thyc hién nhimg
gi hé thong da 1&n ké hoach di chuyén, tirc 1a xe s& duy tri
di theo quy dao mong muédn di vach ra.

Trong nhitng nim gan day, chii dé ndy nhan dugc
nhiéu sy quan tdm, cu thé: nhiéu cong ty hoat dong trong
linh vyc 8 t6 dang phat trién cac hé thong diéu khién cho
phép phuong tién ty dong héa & cac cap do khac nhau.
Mot mo hinh mo ta dong luc hoc cua xe da duoc trinh bay
[3]. Céac tac gia [4], nghién ctru tap trung theo ddi quy dao
va van tdc, trong khi két hop céc phuong phap diéu khién
ngang theo chiéu doc di dwoc dé cap trong [5]. Céc
nghién ctru gitr lan duong duogc tim thay trong [6], tranh
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Abstract - Controlling autonomous vehicles is a topic that
attracts many people today due to their inherent advantages
including increased safety, shortened travel times, thus reducing
travel costs, and traffic congestion. When traveling on roads,
autonomous vehicles can detect fixed obstacles in the same lane.
This paper proposes a solution to establish the desired motion
trajectory used to calculate the path so that autonomous vehicles
can overcome fixed obstacles in the same travel lane. Based on
information from sensors about the distance to the vehicles ahead,
the desired trajectory function calculates the moment to overcome
obstacles. The proposed desired trajectory scenario is frequently
encountered in practice when the vehicle is moving, where the
fixed obstacles are the stopped vehicle in front. The results
demonstrated the effectiveness of the proposed trajectory-setting
solution.

Key words - Controlling autonomous vehicles; trajectory planner;
path planning; obstacle avoidance; vehicle dynamics control.

va cham [7], 14p ké hoach va theo ddi quy dao [8] - [9],
kiém soat hanh trinh [10], phan déi phuong tién va phan
nhém phuong tién [11].

Hién tai di c6 mot s giai phép tranh va cham trong cac
{mg dung diéu khién phuong tién cho xe ty lai, giai quyét
cac thach thirc nhu: nhan biét chudng ngai vat tinh hoic
chuyén dong [12], [13], phat hién ngudi di bo [14], chuyén
lan [15] ghép lan [16], [17], hodc quy hoach duong di [18].

Trong bai b&o nay, mot chién lugc tranh chudng ngai
vt tinh trén dudng thuc té duoc dé xuit. Giai phap gom co
hai phan: i) d& xuat mot giai phadp méi cho viée thiét lap
quy dao tham chiéu dé xe quyét dinh huong chuyén dong
trong tuong lai gan giai phap dé xuét sir dung cam bién do
khoang cach dén chudng ngai vat, ddng thoi hé thong tinh
todn thoi diém xe muc tiéu phai chuyen lan. Hon nira,
nhitng khodng cach nay dugc st dung dé tinh toan quy dao
mong muon cho xe. ii) bo d1eu khién bén dugc thiét ké dé
dleu khién quy dao mong muén. Bo d1eu khién dugc phét
trién bang cach sir dung mo hinh tuyén tinh dong lyc hoc
ngang cua phuong tién. Hiéu qua ciia phuong phép dé xuét
duoc md phong cho mét xe tyr lai khi dang di chuyén gip
mot chiée xe dang dimg & phia trude, xe ty lai dya vao
khoang céch voi xe phia trudc thuc hién chuyén lan va
nhap lan @ tranh xe phia truéc. Két qua md phong cho
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thy, xe tu 1ai da bam sat quy dao va tranh va cham véi
chudng ngai vat c6 dinh trén duong.

2. Xay dung md hinh dgng lwe hoc ngang cho xe tw lai
2.1. M6 hinh phi tuyén dgng luwc hoc ngang ciia 6 to

Hinh 1 thé hién m6 hinh dong luc hoc chuyén dong cua
Xe con vai hai cau, tuong tmg cac luc chinh tac dung Ién xe.
Xét hé truc toa dd oxy lan luot la cac phuong doc va phuong
ngang theo khung xe, hé truc toa 46 OXY la cac phuong doc
va phuong ngang trong hé quy chiéu tuyét déi, v la goc quay
ctia than xe trong hé quy chiéu OXY. Sir dung nguyén Iy
D’ Alambert thu dugc cac phuong trinh vi phan chuyén dong
cta 6 t6 trong Hinh 1 duoc xac dinh nhu sau:

mx=myy+F +F +F +F -F

my=-mxy+F +F +F +F,

ly =a(F, +F,)-b(F, +F )+c(-F +F +F -F) (1)

X = X.cosy — ysiny
Y = Xsiny + ycosy

Trong d6, m va I lan luot 1a khoi lugng xe va md men
quan tinh, a va b lan luot la khoang cach cua trong tam xe
dén cau trude va cau sau, ZC 1a chiéu rong co so, Fu, Fx,
I:)(3y Fx4 Vé Fyl, I:yzY Fy3' Fy lén lu’(ft Ié CéC lu'C téC dung Ién
cac banh xe theo hudéng x vay.

Cac luc tac dung Ién 16p ¢c6 thé’ thu duoc bang cach sir
dung M0 hinh 1op Pacejka phi tuyen [3], [4], m0 hinh cua
10p duge dé xuat cling bao gdbm anh hudng cua cac lyc tac
dung I&n 16p trude va l1op sau duge mo ta nhu sau:

{ Fxl‘z‘“ = fx(a1,2,3,4vz1,2,3,4rk1,2,3,4)

Fylm,, = fy (0‘1,2,3,4r Z1,z,3,4v k1,2,3,4)

)

D9 trugt ctia 16p khi c6 luc kéo (k, ) va luc phanh (k,)
duoc miéu ta nhu sau:

k=X Rty
Ry-@,

M6 hinh mot vét 13 mo hinh dugc sir dung nhiéu nhét
dé mo ta dong lyc hoc ngang cua xe, khdng mét tinh tong
quat, sir dung mé hinh nay cén thiét cho viéc nghién ctru
didu khién dong luc hoc ngang cua 6 to. Gia sir 6 t0 doi
xtng qua mit phang doc, tirc 13 bén trai va bén phai gidng

X-R,.a,
< ®3)

Y e

Hinh 1. M6 hinh chuyén dgng ciia 6t6 con trong
mdt phang ngang
Str dung cé&c phuong trinh (1)—(4), mé hinh phi tuyén
cua dong luc hoc mét vét nhu sau:
mX=m.yy +F, +F, -F
my=-mxy +F, +F,
ly = a.Fy( - b.FyS (5)
X = X.cosy —ysiny

Y = Xsiny + ycosy

2.2. M6 hinh tuyén tinh dgng lwc hoc ngang ciia 6 to
Dé c6 duge mot md hinh mot vét tuyén tinh trong mat
ngang, cac gia dinh da dugc xem xét nhu sau [3]:
e Gac lai cua 16p sau 8, bang 0, xe dugc diéu khién boi
sy thay ddi ciia géc lai phia trudc 5, .
e G6c lai cua lép trudcS,, €O Qid tri nho
‘51‘ <0.1745 (rad) .
o Xe dapg chuyén dong V('Y‘i van toc doc k’hﬁng dbi.
e Van toc doc cao hon nhiéu S0 va4i van toc ngang.

Goc cua 16p cua cdu trude, ciu sau lan luot duge ky
hiéu la g, vd B, va dugec md ta boi [3]:

hét nhau. Bing cach gop banh xe bén phai va bén trai cho LV, v, +ay
moi truc. Cac luc ngang va luc doc tac dung Ién 16p xe dugc A= I Ty,
biéu dién trong Hinh 1. ‘ . (6)
v, v, -by
F =F +F,; F =F, +F v
2 s 3 4 (4) % V><
F,=F,+tF,; F, =F +F, ‘ . N
Luc ngang cua 16p dugc tinh gan ding nhu sau:
[ 2c_+2C 2aC_-2bC ]| r T
_ at as 0 0 —VK _ at as ﬁ
y m.x my y m _
v 0 0 1 0 vl | o w] [0 010 ‘Z
= o _
| | 2ac, -2bC, 24°C, +2b'C,, . v | |2ac, [MVva Y=l 0 0 0 L), )
T - 1
\ I, v, Y 1, p v 0 0 OfYy
. 1 v, 0 0 | L 0 ] "
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v, +ay
F =26 - ) =2C,0 (6 -0

b ®
I:ys = 2'Cas'(5s _ﬂs) = 2'Cas'(_ )

X

Dé don gian hda mo hinh va md hinh phi myér} dugc
xac dinh boi (5), m6 hinh mét vét tuyen tinh ¢6 the dugce
biéu dién dudi dang khéng gian trang théi (7) nhu [3].

3. Thiét 1ap quy dao mong muodn
3.1. Quy dao mong muén
Trong phan nay, thiét 1ap quy dao chuyén dong mong
mudn ¢6 nhiém vu tao ra mot dudong di khéng co chudng
ngai vat d¢ 6 t6 duy tri & gitra lan duong hodc dan 6 t6 tir
vi tri ctia n6 dén vi tri muc tiéu
Viéc thiét 1ap quy dao tham chiéu trude khi chuyén lan
Ia diéu rat can thiét va quan trong. Chat luong cua quy dao
tham chiéu c6 anh huong truc tiép den hiéu suit cua viéc
chuyén lan duong tu dong Vi vay can chon ham quy dao
phu hop. Lap quy dao chuyén lan va nhap lan s dung da
thirc bac 3 dé tinh todn quy dao ciia xe. Hé phuong trinh
mo ta quy dao chuyén dong mong mudn 6 t6 di chuyén tir
vi tri Op dén O4 dwoc minh hoa nhu trong Hinh 2:
Y, =0 X &[0, X,)
Yo (X)=a,+aX +a,X*+a,X® X e[X,X,]
Yi(X)=a,+aX +a;X*+a,X* X (X, X;]
Yy =0 X e (X5, X,]

(9)

D¢ xc dinh céc h¢ sb cia da thirc, dya vao quang
duong,van toc theo phuong ngang OY tai cac vi tri (1), (2), (3):

Y,(X,)=0, X=X,
Y,(X,)=0, X=X,
Y12(X2):|-w’ X=X,
Y,(X,)=0, X=X,
Ya(X,)=Ly, X=X, (10)
Ys(X,)=0, X=X,
Yu(X5)=0, X=X,
Yu(X;)=0, X=X,

Céc diéu kién (10) biéu thi cac gia tri vé vi tri, van toc
theo phwong ngang cta xe & CAc vi tri bat dau va két thic
qué trinh chuyén, ghép lan. Ap dung cac diéu kién nay,
nghiém giai tich ctia hé phuong trinh (10) dugc x4c dinh:

mip

Xe A

8B

Hinh 2. Quy dao mong mudn

3L 2
a,=0; a=0 a,= V;’; a,=- L‘g’
Ly Ly (11)
e, 2L,
a,=0; a=0; aezLng’ a7:_LX3

Quy dao mong mudn duy tri gitr Ian duong khi 0 t6 di
chuyén tir vi tri 0) dén vi tri (4) bao gom trang théi chuyén
dong thang, chuyén lan va ghép lan dé tranh xe phia trudc
duogc gia dinh nhu Hinh 2 duge miéu ta nhu sau:

Y, =0 X €[0,X,)
3 2
le(x): LV;/(X_XJZ_ L\g/(x_x1)3xe[xlvle
Yo W -~ (12)
st(x) L, > (Xy - X) - L3 7 (X -X)* X € (X, X4l
X
Yy =0 X e(X;,X,]
Biéu dién theo thoi gian di chuyén nhu sau:
Yo =0
3 2
Yo (1) = 25 -ty - 2ty
Yref _ scc sce (13)
3 2
=32ty g,y
Y, =0
Trong do, tl_— m:\'%, ta:%lén luot 12 thoi gian

can thiét dé xe bat dau chuyén lan, hoan tit chuyén lan hozc
ghép lan.
3.2. Thiét ké b diéu khién

Trong bai béo nay, tac gia thiét ké bo diéu khién PI cho
hé théng. Muc dich diéu khién goc danh lai bam theo quy
dao mong mudn Y™™ duoc tinh toén trude dé 6 to giir duoc
quy dao chuyén dong. So db khdi bd didu khién Pl cia hé
thong véi bo phan chap hanh bi gidi han thé hién trén Hinh
3 gdm 3 khéi chinh 1a bo diéu khién PI, bo chip hanh va
db6i trong didu khién 12 mo hinh dong luc hoc theo phwong
ngang cua 0 t0. Trong do, dai luong déu ra quan tam cia
hé thong la quy dao chuyén dong cua 6 t6 Y(t), Y 1a quy
dao mong muon cua 6 t6.

Badidu | o), T B

= ) : 2

P N ety Pong lue J
—{ e a »
e khién PI |

B cligp

hoc O 16
himh

Hinh 3. So d6 khéi ciia hé thong sir dung bé diéu khién Pl
D sai léch giita quy dao chuyén dong va quy dao dau
vao mong muon duge miéu ta nhu sau:
et)y=Y"™ -
(14)
~Goc déanh lai dugc gi6i han bi b phan chip hanh h¢
thong lai:
5(t), khi|s|<0,1745
&, (t) =sat(5,(t))10,1745 khi &, >0,1745
-0,1745 khi 8, <0,1745

(15)

Thuat toan bo diéu khién P1 dugc viét nhu sau [6]:
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ut) =K, [e(t) +_;:.[‘:'e(r)drj (16)
Céac tham sb cua bo diéu khién PI dugc xac dinh theo
phuong phép cua Ziegler-Nichols [19]: K,=0,2; Ti=2000.

4. Két qua mo phéng

Mot kich ban m6 phong dugc miéu ta nhu sau: mot
phuong tién tu lai dang di chuyén vé6i véan toc khong ddi
trén dudng c6 hai 1an duong cliing chiéu. Tai mot thoi diém
nao do, xe tu i phat hién mot chudng ngai vat cd dinh (xe
phia trudc dimg lai) can phai vuot qua va tranh bang cach
sir dung cong cu thiét 1ap quy dao chuyén dong Y™ duogc dé
xuat nhu cdng thirc (12). Kich ban gia dinh rang xe dang
chuyén dong véi van toc khong doi, Vx = 40 km/h, sau khi
vugt Xe trude, xe diéu khién sé tré lai lan dudng ban dau.
Thiét 1ap quy dao tao ra mot duong di dé xe tu 1ai bat dau
chuyén lan khi dén gan chudng ngai vat voi chidu rong lan
duong Lw=3,5m, khoang cach bit dau thuc hién chuyén lan
tranh xe phia truéc L= 40m, va cac duong Y = Om va
Y =3,5m trong Hinh 6 thé hién phan giita cua lan duong,
khoang céach ban dau Lo=150m. Céc tham sé tham sb ciia
m6 hinh duoc hién thi trong Bang 1.

Bing 1. Thong s hé thong [5]

STT Ky hiéu Don vi Gid tri
1 m kg 1094
2 C, N /rad 63291
3 C, N/ rad 50041
4 a m 1.108
4 b m 1.392
6 1 kg.m? 1608
7 S 5 rad -0,1745; 0,1745
8 vV, km/h 40

Céu trdc diéu khién cua dong luc hoc ngang duoc biéu
dién trong Hinh 4, trong d6 dau ra ctia hé thong 12 vi tri cia
0 t0 theo phuong ngang. Tin hiéu diéu khién 1a goc danh
14i cua 16p trude. Cac két qua vé didu khién ngang cua xe
duge minh hoa trong Hinh 5, Hinh 6 va Hinh 7 tuong tmg
g6c danh lai, géc quay than xe va quy dao chuyén dong.

Vb

Hinh 4. So d6 Simulink md phong dong luc hoc hé th(fng

Ham toén hoc (12) thanh cdng trong viéc tao ra mot
duong di khéng c6 chudng ngai vat va bo diéu khién bén
ctia xe diéu khién xe bam di theo tham chiéu quy dao, trong
d6 Hinh 7 ¢6 thé quan sét thay xe di sau bam sét theo quy
dao mét cach an toan, tranh va cham vai xe phia truge. Co
thé nhan thiy rang xe diéu khién c6 kha nang chuyén lan
va nhép lan dé vuot qua phuong tién khac. Ngoai ra, c6 thé
quan sét thay khi xe diéu khién tro lai lan duong dau tién,
khoang céch x4p xi 40m; diéu ndy c6 nghia la khong thé

xay rava cham giita chiing. Két qua cho thay, bo diéu khién
thiét ké voi mé hinh tuyén tinh phan tmg tot. Vi tri bén tuan
theo quy dao mong mudn va géc danh lai banh trude thoa
man cac diéu kién rang budc.
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Hinh 6. Goc quay cuia than xe

5 Trajectory of the autonomous car
T T T T
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Y 3.511

Y (m)
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Hinh 7. Quj dao chuyén déng so vdi qui dao mong muon
cua 6 t0

5. Két luan

Bai bao phan tich dong luc hoc theo phuong ngang cta
0 td. Pong gop cua nghién ciru nay bao gom xay dung quy
dao mong mubn béng ham toan hoc bac 3 va phét trién
thuat toan diéu khién Pl dwa trén mo hinh tuyén tinh cua
d6ng lyc hoc ngang ctia xe. Muc dich giai phap dé xuit nay
dd dwoc mo phong trong tinh hudng xe ty lai phai vuot qua
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chudng ngai vat ¢b dinh trén cling lan duong. Thuat toan
diéu khién da thanh cong trong viéc diéu khién quy dao
chuyén dong ciia xe bam theo quy dao tham chiéu dugc
thiét 1ap trudc do, clng véi giéi hanh cua b phan chap
hanh hé thong lai dugc thoa man. Tir két qua md phong
trong Matlab/Simulink, c6 thé thdy rang hiéu suat tot, ham
quy dao tham chiéu da tao thanh cong quy dao khong va
cham khi cd chudng ngai vat tinh ¢ phia trudc. Cong viéc
trong twong lai sé tap trung vao viéc thiét lap quy dao tham
chiéu thich hop cho xe tur lai vuot qua xe phia truéc dang
di chuyén.
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