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TOM TAT

Sw phdt trién nhanh chéng ciia céng nghé xe ty ldi da ddt ra thach thire 16n cho ha tang bai
dé xe. Pé t6i wu dién tich, cdc bai dé hién dai thuong bé tri diém vao va diém ra sat nhau, khién
khéng gian phdn lan tré nén chdt hep va dé xdy ra va cham. Cac gidi phdp truyén thong dya chii yéu
vao cam bién phan citng (LiDAR, camera, radar) doi héi chi phi cao va dé phirc tap 1ém. Do dé, bai
bdo tdp trung vao hiedng tiép cin thudt todn: sir dung thudt todn Hybrid A* dé Idp ké hoach dwong
di thoi gian thuwe, két hop co ché phéan luong dong va xir Iy va cham théng minh. Phwong phdp nay
gitip giam ddng ké si phu thuéc vao cam bién, dong thoi dam bao vin hanh an toan va hiéu qua
cho toan bo hé théng bdi dé tw déng.

T khoa: O 6 tu ldi; Thudt todn Hybrid A*; Tranh va cham; Phdn lu&ng,‘ Bai dé tur dong.
ABSTRACT

The rapid development of autonomous vehicle technology has posed a significant challenge to
parking infrastructure. To optimize space, modern parking lots often place entrances and exits close
together, resulting in cramped lane spaces and a high risk of collisions. Traditional solutions rely
primarily on hardware sensors (LIDAR, cameras, radar), which are costly and complex. Therefore,
this paper focuses on an algorithmic approach: using the Hybrid A* algorithm for real-time route
planning, combined with dynamic traffic flow management and intelligent collision handling. This
method significantly reduces reliance on sensors while ensuring safe and efficient operation of the
entire automated parking system.

Keywords: Autonomous vehicles; Hybrid A* algorithm; Collision checking; Traffic flow;
Automated parking lot.
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1. GIOI THIEU

O t6 tu lai dang phat trién manh mé&
trong nhitg nim gan day va dugc xem 1a mot
trong nhitng hudng cong ngh¢ quan trong cta
nganh giao thong thong minh. Theo phan loai
ciia SAE International, hé thong tu lai da tién
t61 cac cap do cao, cho phép phuong tién van
hanh ty dong trong nhiéu diéu kién khac nhau
[1]. Viéc tng dung xe ty lai khong chi gitp
nang cao an toan giao thong ma con gop phan
t6i wu hoa ha ting, dic biét trong cac bai dd xe
d6 thi co khong gian han ché. Trong cac bai
toan 1ap ké hoach duong di, cac phuong phap
truyén thong nhu A*, Dijkstra hay RRT chu yéu
hoat dong trén khong gian roi rac va phu hop
v6i hé khong c6 rang budc [2, 3]. Tuy nhién, xe
0 t6 1a h¢ co rang budc dong hoc, do vay can
cac thuat toan c6 kha nang sinh quy dao lién
tuc va kha thi vé mat dong hoc. Trong bdi canh
do, thuat toan Hybrid A* dugc st dung rong rai
nho kha nang két hop tim kiém roi rac véi mo
hinh dong hoc, cho phép tao quy dao muot va
phu hop thyc té. Tuy nhién, khi ap dung trong
moi trudng bai dd chat hep véi nhiéu phuong
tién xuét hién ngﬁu nhién, thuat toan van gap
céc van dé nhu xung dot quy dao, ting thoi gian
tinh toan lai va thiéu co ché diéu phéi hiéu qua
gifta cac xe. Do d6, bai bao nay dé xuit mot
phuong phap két hop Hybrid A* véi co ché
phan luéng dong nham ning cao hiéu qua va
dd an toan trong moi truong bii dd ty dong.
Phuong phap nay giup giam dang ké sy phu
thudc vao cam bién phén cung, dam bao van
hanh an toan, hidu qua va chi phi thap cho bai
dd tu dong.

2. THUAT TOAN HYBRID A*

Thuat toan Hybrid A* la mé rong cua
thuét toan A*, duoc thiét ké cho céc hé c6 rang
budc dong hoc nhu xe 6 t6 tu 1ai [4, 5]. Thuat
toan Hybrid A* tim kiém trong khong gian

trang thai lién tuc z = (x, y, 0), cho phép tao quy
dao kha thi vé dong hoc [4, 5]. Thuat toan phat
trién tir mo hinh xe mot vét:

x=vcosf (D
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Trong d6, v 1a van tc, L 1a chiéu dai co
s va d la goc 14i bi gi61 han [2]. Trang thai méi
dugc sinh ra bang cach tich phan theo thoi gian
v6i tap diéu khién roi rac (trai — thang — phai)
[5]. Thuéat todn c6 ham dénh gia:

f(z) = g(2) + h(z) (4)

V6i g(z) 1a chi phi thuc tir diém dau va
h(z) 14 ham chi phi wéc luong dén dich [6, 7].
Trong thuc té, ham chi phi thuong st dung quy
dao Dubins hoac Reeds-Sheep dé dam béo tinh
kha thi va tang tdc do hoi tu. Mdi trang thai
sinh ra déu duoc kiém tra va cham trudc khi
dwa vao qué trinh tim kiém, dam bao quy dao
cubi ciing lién tuc, pht hop rang budc dong hoc
cua xe. Nho do, thuat toan Hybrid A* dac biét
phii hop véi cac bai toan lap ké hoach dudng
di thoi gian thuc trong moi truong hep va phuc
tap [4, 8],

3. XAY DUNG BAI TOAN PHAN LUONG
QUY PAO

Bii dd xe thuc té 1ay tir bii dd tai Pai
hoc Ky thuat Munich bén Duc (Parkplatz
Zufahrt Nord TUM, Unnamed Road, 85748,
Garching bei Miinchen, Germany) va dugc mo
hinh hoéa duéi dang ban d6 nhi phan dé thuc
hién mo phong. Bai toan dit ra 1a diéu phdi mot
xe tu lai (xe den) di chuyén tir diém vao dén 6

do trong, dong thoi xuat hién ngau nhién cac &~
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xe khac (xe tring) tai cac vi tri trong trong bai
v6i cting muc tiéu di chuyén ra diém thoat. Dé
dam bao tinh thuc té va kha thi trong nhiéu tinh
huéng, cac vat can dlmc mo phéng dudi dang
xe ngau nhién khong ¢b dinh (khong dugce xac
dmh trude). Do diém vao va diém ra cua bii dd
nam sat nhau, viéc phat hién va xt Iy va cham
tré nén dé& dang va truc quan. St dung tat ca
cac xe déu la xe tu lai véi chung thuat toan lap
ké hoach duong di Hybrid A*, ¢6 vén téc hing
s6 thap va bang nhau nhim dam bao an toan
dong hoc. Viéc kiém soat dong thoi nhiéu xe
trong cung mdt moéi truong 1a hoan toan kha
thi. Cac tac gia lan luot dé xuit va thyuc hién ca
bbn phuong phép t6i vu nhu sau:

* Phuong phép 1 — Ut tién van toc theo
khoang cach, cu thé xe den di chuyén v6i1 van
tdc b dinh tir diém vao dén 6 dd, trong khi céac
xe tring dugc diéu chinh van tdc theo khoang
cach Euclid dén diém thoat. Xe gan diém thoat
nhit c6 van téc 16n nhat, cic xe con lai giam
dan (vi du: v, 0.7v, 0.4v).

* Phuong phap 2 — Du doan va cham
theo thoi gian: Do thuat toan Hybrid A* khong
xur 1y tbt vat can xuat hién sau khi 1ap ké hoach,
hé théng du doan trude thoi diém va cham tiém
nang giita cac xe dua trén quy dao va van toc da
biét.

* Phuong phap 3 — Ding xe dé tao
khong gian: Khi phat hién nguy co va cham,
xe den dung tai vi tri an toan va duoc coi la vat
can tinh. Cac xe tréng sau d6 thyc hién 1ap ké
hoach lai quy dao bang Hybrid A* trén ban d6
cap nhat.

* Phuong phap 4 — Lui xe hd tro tai 1ap
ké hoach: Trudc khi lap ké hoach lai, cac xe
trang lui mot doan ngin (khoang 5 m hodc xoay
+30°) nham tao khong gian, gitp ting kha ning
tim dugc quy dao trong moi truong hep.

Céac phuong phap nay di dugc trién
khai va klem ching qua mo phong, dam bao
hoat dong 6n dinh trén moi tinh huéng va cham

4. KET QUA MO PHONG VA PANH GIA

i Cel L P 1 X0 TRAMG  EI DM DA

Hinh 1. Xe den dirng lai dé xe trang di truéc

-"&H

Hinh 2. Khi dwong théng, xe den vé bai do

Hinh 1 va hinh 2 minh hoa tinh huéng
xe den chu dong dung lai khi phat hién nguy
co va cham v&i cac xe tring dang di chuyén ra
diém thoat. Trong thoi gian nay, cac xe tring
tiép tuc di chuyén va thyuc hién tinh todn lai quy
dao thanh céng nho co ché lui ngan (5 m) da
dugc tich hop. Sau khi ving nguy hiém duoc
giai phong, xe den tiép tuc di chuyén dén vi

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
132 TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026

cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

tri 6 ma khong can lap Kké hoach lai toan bd
quy dao, dong thdi van dam bao tinh muot va
kha thi vé dong hoc. Két qua mo phong trén
nhiéu kich ban cho thiy khong xay ra va cham
trong toan by qua trinh. Xe den chi dung trung
binh 2-3 14n, mdi 1an t6i da khoang 8 budc mod
phong. Ty 1€ tinh toan lai duong di cta cac xe
trang dat 100%, v&i thoi gian trung binh 0,35—
0,72 s, dap tmg yéu cau thoi gian thuc. Didu
nay ching minh hi€u qua cua phuong phép
dé xuét, trong d6 viéc dung tam thoi xe den
két hop co ché 1ui ngin cua xe tring giup khic
phuc hién tugng “treo thuat toan” trong khong
gian hep.

5. KET LUAN

Bai bao di dé xuét va trién khai thanh
cong mot giai phap xir Iy phan ludng va tranh
va cham cho xe 6 t6 tu lai trong bii d6 ty dong
chat hep béng thuat toan Hybrid A*. Thay vi
phu thudc hoan toan vao hé théng cam bién dit
tién, phuwong phap tap trung vao viéc tdi wu lap
ké hoach duong di thoi gian thuc két hop co
ché diéu phéi dong giita cac xe. Giai phap nay
gdp phan quan trong vao viéc xdy dung bii dd
tu dong thong minh, chi phi thip va an toan cao
— hudng di thiét thuc cho cong ngh¢ xe tu 14i tai
Viét Nam va trén thé gi6i.

Trong cac nghién ctru tiép theo, cac tac
gia s& tiép tuc cai tién bang cach tdi uu hoa bd
tinh toan duong song song, két hop dy doan
chuyén dong, thir nghiém trén xe mé hinh thyc
té va m& rong sang mdi trudng do thi phirc tap
hon. <
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