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MOT SO DANH GIA TONG QUAN VE Ki THUAT THIET LAP DU'ONG DI
CHO XE TU HANH
Quéch Hai Tho?, Pham Anh Phuong®

Tém tat: Khi nghién ctru v& linh vire xe tw hanh, mdi nha san xuét, mdi dw an déu co6 cac dé xuét vé cau
trdc diéu khién khac nhau nhwng van tdn tai mot kién tric chung cho hoat dong clia xe ty hanh. Dwa
trén kién tric nay ma céac nha phat trién dwa ra ké& hoach cho san phdm ctia minh. Tuy nhién, véi nhirng
kho khan va thach thirc v& mét ki thuat, céng nghé va phap i nén cac nha phat trién van chwa cé duoc
gidi phap hiéu qua dé xe tw hanh cé thé hoat dong trén dwdng cong cong. Do do6, véi muc tiéu tang
cwdng kha nang 1ap ké& hoach xac dinh dwéng di dwa trén cac théng tin nhan dwoc tir hé thdng co sé ha
tang giao thong va cac phuong tién khac trén dwdng théng qua céc thiét bi cdm bién va hé théng thu
nhan tin hiéu, cac ki thuat xac dinh duwdng di va didu khién chuyén déng khac nhau sé dwoc thiét lap
dwa trén céc thong tin thu nhan dwoc thong qua cac thiét bi cdm bién va hé thdng thu nhan tin hiéu trén
xe tw hanh, tao diéu kién cho xe ty hanh c6 thé hoat dong trong mai trwdng hén hop véi cac chién lwoc
nham cai thién hiéu nang va téi wu qua trinh hoat déng cla xe. Trong bai bao nay, ching toi danh gia
céac ki thuat thiét lap duwong di da dwoc nghién chu trong thdi gian qua, tir d6 dé& xuét gidi phap va

hwéng nghién cteu (rng dung v& bai toan xe tw hanh.

T khéa: xe tw hanh; k& hoach chuyén déng; hoach dinh dwérng di; hé théng giao théng théng minh.

1. Gii thiéu

Vé bai toan xe ty hanh, cac ki thuat thiét 1ap duong
di va diéu khién chuyén dong khéac nhau s& duoc xéac 1ap
dwa trén cac thong tin thu nhan duoc théng qua cac thiét
bi cam bién va hé théng thu nhan tin hiéu duoc lap dat
trén xe ty hanh. Viéc thiét l1ap duong di thong minh cho
xe ty hanh Ia can thiét trong qua trinh van hanh, giam
thiéu mot sé tac vu lién quan dén hoat dong cua xe.

V6i sy phét trién cua hé théng didu khién hanh
trinh (Cruise Control - CC), hé théng diéu khién hanh
trinh cha dong (Adaptive CC - ACC) va gan day 1a hé
théng diéu khién hanh trinh chu dong tuong tac
(Cooperative ACC - CACC), cling véi sy hoan thién vé
mit cong nghé cua cac hé thdng khac nhu hé thng hd tro
phanh khan cip (BA), hé thong hd trg dau xe song song,
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hé théng phat hién diém mu... di tao nén mét budc tién
méi trong nén cdng nghiép xe hoi ndi chung va trong linh
vuc nghién ciru caa xe ty hanh ndi riéng [39].

Mic du vé mat cong nghé da dat dugc mot sé két
qua dang ké nhung van con nhiéu thach thirc néu mong
muén xe ty hanh c6 thé hoat dong trén duong cong
cong. Nhirng kho khan, thach thac vé& mat ki thuat, cong
nghé va phap li van chua c6 duoc giai phap hiéu qua.
Mot sb v kién thao luan da dugc dua ra giita c4c nha san
XUAt v&i cac co quan chtc ning cuia chinh pha nham tao
ra khuon khé cho cac tiéu chuan va quy dinh cho hé
thong xe ty hanh nhu dy an city mobi2 [17] dang dién
ra ¢ cac nude chau Au da dé cap.

Khi nghién citu vé linh vuc xe tu hanh, c6 thé thiy
mdi nha san xuit, mdi du 4n déu c6 cac dé xuit vé ciu
trac diéu khién khac nhau. Nhung mét kién tric chung
vé xe tu hanh c6 thé thiy qua Hinh 1, dua trén kién trac
ndy ma cac nha phat trién dua ra ké hoach cho san pham
caa minh.

Trong céc khéi kién tric cua hé thdng nay thi chic
nang 1ap ké hoach chuyén dong hay thiét lap duong di 1a
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thanh phan duoc chl trong phat trién trong khdi quyét
dinh hoat dong cua hé théng. Chii dé nay da va dang
duoc nghién ctu rong rdi véi su phat trién dau tién
trong céc tng dung robot [35], n6 dugc coi la mot khia
canh quan trong cho viéc diéu hudng vi né quy dinh
duong di toan cuc va dia phuong cho hoat dong cua
robot. Viéc thiét lap duong di khong chi 1a viéc di
chuyén dén diém dich cudi cung, ma diém khéc biét
trong thiét lap duong di giira xe tu hanh va robot 1a viéc
thuc hién ké hoach chuyén dong phu thuéc vao mang
ludi cac quy tac giao thdng va nhitng tinh hudng cé thé
Xay ra trong moi trudng giao thong cdng cong.

Phan tiép theo cua bai béo chung toi s& phac thao
mot céi nhin téng quan vé tinh hinh thyc hién va nghién
ctru cac ki thuat 1ap ké hoach chuyén dong cho xe tu
hanh, mot s6 danh gia vé cac ki thuat lap duong di,
nhitng thach thirc, huéng nghién cuiru tir cac nha nghién
ctru, cac nha san xuit trong viéc phat trién quy hoach
chuyén dong cua xe tu hanh. Tur d6 dé& xuat mot sé
huéng nghién ciru cho bai toan xe tu hanh.
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Hinh 1. Cdu triic diéu khién trong xe tw hanh

2.Cac ki thuat xac dinh dwong di ciia xe tw hanh

Nhimg nim dau cua thap nién 90, do chua co su
dau tu nén linh vyuc cua xe tu hanh va cac phuong tién
thdng minh con rat han ché. Sau nay, cic cudc céch
mang cdng nghé cling vai sy ra doi khai niém hé théng
giao thong thong minh (ITS) dd gép phan cho su phat
trién cua linh vuc nghién ctiu xe tu hanh.

Trong nghién cau [18] tAc gia dd mo ta cac hé
thong diéu khién doc (bao gém cac phwong tién diéu
khién sau, thdng tin lién lac gitra cac phuong tién va so
sanh giita cac phuong tién khac nhau) va cac hé théng
diéu khién ngang (xét dén cac luc ngang bén trong cua
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xe va cam bién tir dé 1am tham chiéu duong di chuyén
dbi véi nhitng duong di phuc tap).

Trong cau trdc phan mém cia xe ty hanh, 03
module (diéu khién, thi giac va quyét dinh) Ia thanh
phan chinh da st dung cac ki thuat vé thi gidc may tinh
va tim duong dé xac lap qua trinh diéu khién cua xe.
Trong tdm cua hé thdng phan mém la lién quan dén
thanh phan quyét dinh cuaa kién trac, cu thé 1a cac ki
thuat quy hoach chuyén dong cua xe.

Quy hoach chuyén dong trong xe tu hanh 1a mot
chu @& nghién ctu trong nhiéu thap ki qua. Hau hét
cac tac gia phan chia van dé thanh 2 huéng géom quy
hoach toan cuc va quy hoach dia phuong [10, 33, 40]
Véi cac phuong phap tiép can va dinh nghia khai
niém khac nhau.

Cac quy hoach chuyén dong c6 thé dugc chia thanh
4 nhoém: Tim kiém trong dd thi, dya trén mau, noi suy
va cac phuong phap téi uru.

2.1. Lap quy hoach dwa trén dé thi tim kiém

Trong xe ty hanh, y tudéng co ban cho viéc di
chuyén tir diém A dén diém B 1a dién ta mot khong gian
trang thai, khdng gian trang thai nay thuong dugc biéu
dién dudi dang lugi hoac mang lugi mo ta vi tri cua dbi
tuong trong moi trudng.

Tir quan diém quy hoach diém, mot giai phap vé
thiét lap duong chuyén dong duoc tao ra bang thuat toan
tim kiém trong d thi di qua cac trang thai khac nhau
trong ludi, nhung dudng di duoc tao ra ciing c6 thé
khéng phai la giai phap duong di tdi wu.

Mot sb thuat toan da duoc ap dung nhur:

* Thuat toan Dijkstra: Day 1a thuat todn giai quyét
bai toan duong di ngin nhét, thuong dugc sir dung trong
dinh tuyén voi mot chuong trinh con trong cac thuat
toan do6 thi hay trong cong nghé hé thong dinh vi toan
cau (GPS). Trong nghién cau [11, 19, 36, 41] nhom tac
gia da sir dung thuat toan nay dé mé phong ké hoach
thiét lap duong di cho nhiéu loai xe khac nhau.
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Hinh 2. Thiét lap deong di bang Thudt todn Dijkstra [36]

Ké hoach lap duong di ngan nhat bang phuong
phap nay c6 thé tim dwoc trong mot loat cac nit hoic
luai, thich hop cho 1ap ké hoach toan cuc trong cac moi
truong hoat dong. Nhung tdc do thyc hién thuat toan
cham & cac khu vuc c6 nhiéu nat diéu khién, viéc tim
kiém duong di khong phai la phong doan, két qua
duodng di tao ra khong lién tyc, do d6 khong thich hop
cho cac ting dung thoi gian thuec.

* Thuat todn A-Star (A*): Pay la mét thuat toan tim
kiém trong db thi, cho phép tim kiém nGt nhanh do su
dung mot danh gia heuristic (day 1a phan mo rong thuat
toan tim kiém trén d6 thi cua Dijkstra). Trong céc
nghién ctu [1, 2, 6, 20] cac tac gia da trién khai thuat
toan A* cling v6i ham chi phi twong ung dé trién khai
cac ung dung nhu 1én ké hoach cho cac khéng gian
khong c6 ciu triic va cac bii db xe.

Do phat trién duwa trén thuat toan Dijkstra va viéc
tim kiém heuristic dd lam giam thoi gian tinh toéan.
Nhung két qua duong di tao ra khong lién tuc, cac quy
tac heuristic khong phai 1a don gian dé tim dugc céc
lan duyét.

Hinh 3. Thiét ldp dwong di bang Thudt todn A* [20]

2.2. Lap quy hoach dwa trén miu

Nhitng bo 1ap ké hoach nay giai quyét nhitng rang
budc vé thoi gian, tic 1a 1ap ké hoach trong khong gian
ma cac phuong phap xac dinh khéng dap ung duoc.
Céch tiép can nay géom liy mau ngau nhién trong khong
gian hinh dang hozc khdng gian trang thai, tim kiém céc
két ndi, cac méi lién hé bén trong n6 [33].

Nhuoc diém cua giai phap nay la duong chuyén
dong dugc tim thay van nam gan t6i diém téi uu.

Céc phuong phap duoc st dung pho bién la cay
RRT [37] da dugc cai dat thir nghiém trong cac ung
dung mo phong xe tu hanh tai cac nghién cau [9].

Cay RRT Ia mot ciu trdc dir liéu ngdu nhién va
hiéu qua thiét ké danh cho viéc tim kiém trong khong
gian da chiéu. Cay RRT c6 thé duoc coi nhu 1a mot ki
thuat dé tao ra nhiig diém ngau nhién trong hé thdng
phi tuyén, dic biét thich hop cho van dé lap quy dao
duodng di trong khong gian ¢ vat can va cac rang budc
non-holonomic va kinodynamic.

|
| :

Hinh 4. Thiét ldp dwong di bang Céy RRT [37]

Ki thuit nay c6 wu diém 1a c6 kha ning cung cép
giai phap nhanh trong cac hé thong da chiéu. Thuat toan
dugc hoan thanh va luén hoi tu véi mot giai phép (néu
c6 va cho du thoi gian), thich hop cho quy hoach toan
cuc va dia phuong. Nhung két qua quy dao chuyén dong
duogc tao ra khong lién tuc va tao giat khi di chuyén.
Viéc tdi wu duong di phu thudc vao khung thoi gian cho
nhitng truong hop sir dung cay RRT.

2.3. Lap quy hoach bang dwéng cong ndi suy

Céc ki thuat nhu thiét ké hinh hoc bang may tinh
(Computer Aided Geometric Design - CAGD) thuong
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duoc st dung dé lam min duong din tir mot tap cac
diém trung gian [32]. Biéu nay cho phép ching ta lap ké
hoach chuyén dong phu hop voi mé ta duong di bang
cach xét tinh kha thi, sy tién lgi va céc thdng sé khac dé
lap qu¥ dao di chuyén pha hop.

Phép ndi suy dugc dinh nghia 1a qué trinh xay dyng
va dua vao mot bo dir liéu mai trong pham vi cia mot
tap hop da biét trude d6 (cac diém tham chiéu). Nghia
14, cac thuat toan nay da cé tap cac node (vi du nhu do
la tap hop cac diém mdc mo ta mot ban d6 duong di
tong quéat) va mot tap dir lisu méi duoc tao ra s& co
nhiéu vu diém nhu tao duoc quy dao lién tuc, da han
ché vé phuong tién va moi truong xung quanh lam thay
d6i huéng di chuyén caa xe [30].

Viéc xuat hién cac chuéng ngai vat trén duong di
thi dbi véi giai phép ndy s& tao ra mot con duong méi
nhdm vuot qua va sau do sé& tiép tuc tai nhap véi cung
dudng da 1én ké hoach trude do.

Uu diém cua ki thuat nay 1a toi wu do cong va do
min cia duong di dua trén ki thuat thiét ké hinh hoc
bang méy tinh (CAGD), thich hop cho quy hoach duong
di dia phuong theo hudng tao do chuyén thoai mai va an
toan trong méi truong phac hop. Tuy vdy, nhuge diém
cua ki thuat nay la phu thuoc vao quy hoach toan cuc
hodc cac diém tham chiéu toan cuc, dong thoi khi xuét
hién chuéng ngai vat trén duong di da 1ap thi phai mat
thoi gian tinh toan lai tir d6 1am han ché yéu t6 thoi gian
thuc cua ki thuat nay.

C6 nhiéu ki thuat khac nhau dé lam min va xay
dung duong cong noi suy nhu:

* Sir dung dudng thing va duong tron: C6 thé biéu
di&n bang cach noi suy cac diém biét trudc véi céc hinh
dang duong thing va duong tron dé hinh thanh mang
ludi cac duong phan doan khac nhau. Pay la phuong
phép todn hoc don gian dé tiép can xay dung ké hoach
cho céc loai xe khac nhau [13, 14].

3 3 3

Hinh 5. Thiét ldp dwong di bang dwong thing va dwong
tron [13]

26

Uu diém coa phuong phép nay 1a chi phi tinh toan
thap, thuc hién don gian ma van c6 thé c6 dat hiéu qua
tao 16 trinh ngan nhat. Nhung 16 trinh tao ra khong lién
tuc, gip khic, tao nén sy chuyén tiép trong 1o trinh
khong thoai mai gitra cac doan cia duong di, viéc lap ké
hoach phu thudc vao cac diém tham chiéu toan cyc.

* St dung duong cong Clothoid: Pay 1a mot dang
phd bién caa duong cong chuyén tiép (Spiral) ndi tir
duong thang vao dudng cong, c6 nhiém vy dam bao su
chuyén bién diéu hoa vé luc li tam.

Str dung duong cong Clothoid ¢6 thé xac dinh quy
dao cua nhiig thay doi tuyén tinh, vi do cong sé& bang
chiéu dai vong cung cua ching, tir d6 1am cho qua trinh
chuyén tiép duoc lién tuc giita cac doan thang thanh cac
phan cong va nguoc lai [7,39].

Uu diém cua loai dudng cong nay 1 sy chuyén tiép
va cac duong cong dugc thuc hién véi mot su thay doi
tuyén tinh trong d6 cong, viéc thiét ké duong cao tdc
cling nhu duong cong do thi déu thyc hién theo loai
duong cong nay, phuong phap nay phu hop cho viéc lap
ké hoach dija phuong. Nhuoc diém ciua phwong phap
nay 1a mat nhiéu thoi gian vi can phan tich duong cong
va do cong lién tuc nhung khong thé 1am min duong di
(biéu dién tuyén tinh), viéc lap ké hoach tao duong di
phu thudc vao cac diém tham chiéu toan cuc.

Path and Read Boundaries

Hinh 6. Thiét ldp dwong di bang dirong cong Clothoid [39]

* St dung duong cong da thirc: Buong cong dang
nay thuong duoc tao ra dé dap wng cac rang bugc can
thiét trong cac diém noi suy va s& hitu ich dé phu hop
V6i Vi tri, goc, do cong va mot sé yéu cau khac.

Céc hé sb cua duong cong duoc xac dinh bai cac
rang budc va céac gia tri can phai dat trong mdi phan
doan [4, 38].
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Uu diém la chi phi tinh toan thap va cac duong ndi
tiép theo d6 co thé phi hop dé dang. Nhung véi nhuoc
diém 1a duong cong da thirc duoc trién khai thuong tir
bac 4 tré 1én, giy khé khan va tang d6 phuc tap cho
viéc tinh toan céc hé sé dé dat duoc trang thai duong
di xac dinh.

Hinh 7. Thiét ldp dwong di bang dirong cong da thire [38]

* Sir dung duong cong Bezier: Day la mot dang
duong cong tham sé dwa vao tap cac diém kiém soat dé
xac dinh hinh dang, c6t 16i cua cac dudng cong Bezier
1a da thtrc Bernstein. Uu diém cua loai duong cong nay
Ia chi phi tinh toan thip, cac rang budc ¢ dau va cudi
cia duong cong c6 thé dugc dap ung bang cach dat
dung cac diém kiém soat theo cac dac tinh khac nhau
[16, 23]. Vi du dién hinh vé& ung dung duong cong
Bezier trong hoach dinh dwong di c6 thé xem qua cac
nghién cuu [16, 28, 29, 42], ¢ day cac tac gia da ap
dung nhitng dudng cong bezier dé udc lugng cac duong
cong Clothoid, hodc thuc hién cac duong cong Bezier
dé 1ap ké hoach nhanh va pht hop nhit cho cac tinh
hudng gap trén dudong nhu gap ng ré, vao vong xuyén,
thay d6i lan duong, tranh chudng ngai vat va mot vai
tinh huéng khéc.

Hinh 8. Thiét ldp dwong di bang dwong cong Bezier [42]

V6i wu diém 1a chi phi tinh toan thip, duong di
duoc tao ra mot cach truc quan nho vao cac diém diéu
khién xac dinh ciia n6 va cac duong ndi tiép theo do co
thé phi hop dé dang, nhung van con nhuoc diém 1a lam
mét di tinh linh hoat khi ting d¢ cong, ciing nhu thoi
gian tinh toan ting do khi bd sung nhiéu diém diéu
khién thi can phai danh gia va tai tao lai duong di chinh
xé&c. Két qua cua phwong phap nay phu thudc vao cac
diém tham chiéu toan cuc.

* St dung duong cong Spline: Spline la mét
duong cong tham sé da thac véi céc khoang phu dugc
chia ra c6 thé 1a cac duong da thic. B-spline ciing ¢
thé biéu dién trong duwdng cong Bezier hoic duong
cong Clothoid. Nhirng nghién ctu [4, 7, 31, 34] da dua
ra cach biéu dién duong di bang cach s dung duong
cong Spline.

Uu diém la chi phi tinh toan thap vai két qua 1a mot
dudng cong lién tuc dwoc didu khién boi cac nat khéc
nhau. Nhung giai phap st dung duong cong Spline ¢
thé khong tdi wu vi két qua cua né tap trung vao viéc dat
duogc su lién tuc gitra cac thanh phan hon tinh da dang
dé phu hop véi cac han ché cia mang ludi giao thong.

Hinh 9. Thiét ldp dwong di bang dwong cong Spline [31]

2.4. Lap quy hoach bang phwong phap téi wu

Nhimg phuong phap nay nham tim gia tri cyc tiéu
hay cuc dai ctia mét chirc nang nao do tuy thudc vao cac
rang budc khac nhau [21].

Trong quy hoach dwong di chuyén no thuong dugc
st dung dé 1am min c&c quy dao duogc tinh toan trudc
[5] va ciing c6 thé dé tinh cac quy dao tir cac mdi lién
két dong [22].
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Viéc sir dung ham téi wu 1a mot ki thuat cho phép
tim ra gia tri thuc caa ham gdc (cuc tiéu két qua bién).

Phuong phép nay c6 uu diém la cac han ché trén
mang ludi giao thong va cac ddi twong tham gia giao
thong c6 thé dé dang dwoc tinh dén. Nhung diém bét lgi
Ia mat thoi gian tinh toan khi thuc hién chic nang toi uu
duong di & mdi trang thai chuyén dong. Do d6, phuong
phap nay s& duoc dung lai & mot thoi diém nao do, viéc
lap ké hoach chuyén dong phu thudc vao cac diém tham
chiéu toan cuc.

t € [ts,ta)

Hinh 10. Thiét ldp dwong di bang ham t6i wu [21]

Mic du y tuong vé xe thdng minh 1a tién than cua
xe ty hanh ngay nay bit dau vao nim 1939 tai hoi cho
thé giéi New York véi bai thuyét trinh Futurama cua
GM’s, nhung phai mat nhiéu thap ki dé tro thanh y
tudng trong thuc té.

Mot trong nhitng dir &4n dau tién dé thir nghiém cac
ki thuat thiét Iap duong di la du 4n ARGO tir VisLab
[4], voi mot hé thdng dua trén thi giac, cac ki thuat lap
ké hoach bao gom diéu chinh cac Spline da thirc thanh
cac tin hiéu lan duong dugc phat hién bai cdc camera
lip phia truéc xe. Tiép d6, chwong trinh Darpa
PerceptOR [3,8] dd nghién ctru va phét trién ki thuét
diéu huéng tu dong.

Nam 2009, chiéc xe tu dong khong ngudi lai dau
tién cua Google ra doi. Google ciing da thic day viéc
ban hanh vé miat phép luat cho cong nghé nay va ciing
da nhan gidy phép cho mét chiéc xe tu dong vao thang
5/2010 [15]. Tuy nhién, khdng c6 mot san pham nao vé
mit ki thuat 1ap ké hoach xac dinh dudng di hodc kha
nang kiém soat c6 thé dat duoc nhitng két qua do.

Nam 2010, nhom nghién cau Vislab - véi hanh
trinh VisLab Intercontinental Autonomous Challenge
(VIAC) [32] cia Y d3 chinh thirc khoi dong du an xe tu
hanh di xuyén luc dia. Nhitng chiéc xe trong du an nay
str dung mot hé thdng dién tir, didu khién tir xa kha phirc
tap bao gébm ludn ca viéc thu nhan tin hiéu GPS, sir
dung cic camera quan sat... d& diéu hudng ciing nhu
thuc hién viéc di Chuyén. Trong ki thuat xac dinh duong
di cta nghién ciru nay da co s dung mot ham chi phi
duoc coi la tao ra duong cong clothoid [39].

Nam 2010, cac nghién ctu vé xe ty hanh tap trung
vao bai toan lai xe theo duong va tranh chudng ngai vat.
Nam 2012, cac linh vyc nghién ctu tiép tuc tap trung
vao chu dé lai xe d6 thi va phat hién tin hiéu giao théng
[26], trong giai doan nay cac ki thudt xac dinh duong di
bao gém cac duong Clothoid [24], cdy RRT [25] va mot
sb ki thuat truge do.

Gan day, hiang xe hoi Audi véi nd luc lién hop véi
Stanford [12,27] d4 trinh dién kha ning kiém soat xe dat
hiéu suat cao khi str dung ki thuat duong cong Clothoid
dé 1ap ké hoach phan khiac duong cong trong xac dinh
duong di.

Bing 1. So sanh wu va nhioc diém trong cdc ki thudt ldp ké hoach chuyén déng

Ki thudt

Uu va nhwge diém

Dijkstra’s

Uu diém: Ké hoach lap duong di ngan nhat bang phuong phap nay c6 thé tim dugc trong mot loat
c4c nat hozc ludi, thich hop cho 1ap ké hoach toan cuc trong cac méi truong hoat dong.

Nhuoc diém: Tde do thuc hién thuat todn cham & cac khu vuc c6 nhiéu nat diéu khién, viéc tim
kiém duong di khong phai la phong doan, két qua duong di tao ra khong lién tuc, do d6 khong
thich hgp cho céc (ng dung thoi gian thuc.

gian tinh toan.

A* Uu diém: Do phat trién dya trén thuat toan Dijkstra va viéc tim kiém heuristic da lam giam thoi

dé tim duoc céc lan duyét.

Nhuoc diém: Két qua duong di tao ra khong lién tuc, cac quy tic heuristic khdng phai 1a don gian
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Cay RRT Uu diém: C6 kha niang cung cip giai phap nhanh trong cac hé thong da chiéu. Thuat toan dugc
hoan thanh va ludn hoi tu véi mot giai phép, thich hop cho quy hoach toan cuc va dia phuong.
Nhugc diém: Nhung két qua quy dao chuyén dong dugc tao ra khong lién tuc va tao giat khi di
chuyén. Viéc téi vu duong di phu thudc vao khung thoi gian cho nhig truong hop sir dung cay
RRT.

Puong Uu diém caa ki thuat nay 1a tdi vu do cong va d6 min cua duong di dua trén ki thuat thiét ké hinh

cong ndi | hoc bang may tinh (CAGD), thich hop cho quy hoach duong di dia phuong theo huéng tao do

suy chuyén thoai méi va an toan trong méi truong phirc hop.
Nhuoc diém: Phu thugc vao quy hoach toan cuc hozc cac diém tham chiéu toan cuc, ddng thoi khi
xuat hién chuéng ngai vat trén duong di da 1ap thi phai mat thoi gian tinh toan lai tir ¢ 1am han
ché yéu té thoi gian thyc cua ki thuét nay.

St dung | Uu diém: Chi phi tinh toan thap, thuc hién don gian ma van c6 thé c6 dat hiéu qua tao 16 trinh

duong ngan nhat.

thé‘ng V& | Nhuoc diém: Lo trinh tao ra khong lién tuc, gép khc, tao nén sy chuyén tiép trong 16 trinh khong

duong tron thoai mai giita cac doan cua dudng di, viéc 1ap ké hoach phu thudc vao cac diém tham chiéu toan
cuc.

Puong Uu diém cua loai dudng cong ndy la sy chuyén tiép va cac dudng cong dwoc thyuc hién véi mot sy

Clothoid thay ddi tuyén tinh trong d6 cong, viéc thiét ké duong cao téc ciing nhu duong cong do thi déu
thuc hién theo loai dudng cong nay, phuong phap nay phu hop cho viéc 1ap ké hoach dia phuong.
Nhuoc diém cua phuong phap nay 1a mat nhiéu thoi gian vi can phan tich duong cong va do cong
lién tuc nhung khong thé lam min dwdng di (biéu dién tuyén tinh), viéc 1ap ké hoach tao duong di
phu thudc vao cac diém tham chiéu toan cuc.

Puong Uu diém: Chi phi tinh toan thap va cac duong ndi tiép theo d6 c6 thé phu hop dé dang.

co’ng da Nhuoc diém: Puong cong da thire duoc trién khai thuong tir bac 4 tré 1én, gay kho khin va ting

thuc d6 phirc tap cho viéc tinh toan cac hé s dé dat duoc trang thai duong di xac dinh.

Puong Uu diém: Chi phi tinh toan thap, duong di duoc tao ra mot cach truc quan nho vao cac diém diéu

Beziers khién xac dinh cta no va cac duong ndi tiép theo do co thé phii hop dé dang
Nhuoc diém: Mat di tinh linh hoat khi ting d¢ cong, ciing nhu thoi gian tinh toan ting do khi bo
sung nhiéu diém diéu khién thi can phai danh gia va tai tao lai duong di chinh xac. Két qua cua
phuong phap nay phu thude vao cac diém tham chiéu toan cuc

Puong Uu diém: Chi phi tinh toan thap véi két qua 1a mot duong cong lién tuc dugc didu khién boi cac

Spline nat khéc nhau.
Nhuoce diém: Giai phép sir dung duong cong Spline ¢6 thé khong téi uu vi két qua ctia né tap
trung vao viéc dat dwoc su lién tuc giita cac thanh phan hon tinh da dang dé pha hop véi céc han
ché cuia mang luéi giao thong.

Phuong Uu diém: Céc han ché trén mang ludi giao thong va cac ddi tugng tham gia giao théng c6 thé dé

phép téi uu | dang dugc tinh dén.

Nhuoce diém: mat thoi gian tinh toan khi thuc hién chirc ning téi wu dwong di & mdi trang thai
chuyén dong. Do d6, phuong phap nay s& duogc dung lai & mot thoi diém nao do, viéc lap ké
hoach chuyén dong phu thudc vao cac diém tham chiéu toan cyc.
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3.Két luan va dé xuat

Sy phat trién cua cac thuat toan 1ap ké hoach thong
minh la mét trong nhiing van dé chinh khi thiét ké ciu
trdc xe tu hanh. Céc rang buéc lién quan trong khu vuc
hoat dong nhu Iuu luong giao thdng, toc do thay doi
hoic ciu trac duong giao thong di tao nén nhiing ké
hoach chuyén dong ludn thay doi theo thoi gian thuc va
d6 1a van dé can dat duoc trong diéu khién hoat dong &
moi truong phuc tap.

Bai b&o nay tap trung vao viéc nghién ctru ki thuat
lap ké hoach di chuyén cuia xe ty hanh tir 2 quan diém:

1. Panh gia, phan loai cac yéu té ki thuat khac nhau
trong qué trinh xay dung ké hoach chuyén dong, bao
gom: Tim kiém trong d6 thi, dua trén mau, noi suy va
phwong phap tdi wu.

2. Xem xét két qua cua cac nhom nghién ctu trén
thé gi6i da thuc hién ki thuat xac lap ké hoach chuyén
dong trén xe ty hanh tir md phong dén thuc té (xem
Bang 1).

Tir d6 nhén thdy rang, cac nhém nghién ciu sir dung
2 thuat toan chinh 1a ni suy va tim kiém trong db thi.

Giai quyét bai toan xac dinh duong di trong xe tu
hanh thi chiém phan Ion cac nhém nghién ctu st dung
phép noi suy dé giai quyét cac van d&, li do chinh dé lya
chon ki thuat nay boi vi dit liéu ban @b (dit liéu GPS)
dang dugc ning cao trong moi trudng cb cau trac, da
tao diéu kién c6 thé cung cip cac diém diéu khién can
thiét dé cac duong cong t6i wu vé d6 min, do lién tuc,
cac rang budc cua xe va tée do duge dap tng.

Tiép theo ki thuat noi suy Ia tim kiém trong db thi,
giai phap nay da duogc ap dung khi xu Ii cac ung dung
thoi gian thuce, 1i do dé lva chon ki thuat nay 1a yéu t6
tim kiém nhanh duong dan t6i wu ma c6 thé thuc hién
trong thoi gian thuc.

Nhiing thach thac hién tai lién quan dén viéc tinh
toan lap quy hoach chuyén dong thoi gian thuc trong
moi truong thuc té, noi co nhiéu tac nhan nhu nguoi di
bo, cac phuong tién tham gia giao thdng khéac nhau...
déu phai duoc tinh dén tir yéu ciu xay dung lai ké hoach
chuyén duge dugc danh gia luén lién tuc (va tinh toan
lai) cac quy dao dd xac dinh. Véan dé giéi han vé thoi
gian dé tao ra quy dao méi véi nhiéu yéu t di dong la
mot thach thirc chua duoc giai quyét.
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Mot xu huéng mai vé bai toan xéc lap duong di cho
xe ty hanh 1a thiét lap thém trinh diéu khién trong vong
diéu khién d¢ xac dinh duong di. Qua trinh nay xuat
phat tir van dé nghién ctu quy hoach hanh trinh cua
thiét bi giam sat giao tiép gitra nguoi va may (HMI),
diéu nay tao ra mot thach thirc mai trong nghién ctiu bai
nhitng né 1a t6 hop nhiing tinh bat dinh, cac kiém soat
rang bugc va kién thirc an toan khi 1ai xe dé tao mot
hanh trinh an toan v6i mot duong di dat hiéu qua.
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OVERALL EVALUATION MOTION PLANNING TECHNIQUES
FOR AUTONOMOUS VEHICLES

Abstract: While studying autonomous vehicles, we can see that each manufacturer and each project propose different control
structures; however, they have the same basic operation structure for autonomous vehicles. Basing on this structure, developers
make plans for their products. Due to technical, technological and legal difficulties and challenges, there have not been any effective
solutions for autonomous vehicles so that they can operate on public roads. Therefore, with the aim of enhancing the ability to path
planning based on the information received from traffic infrastructure system and other vehicles on the road through sensors and
signal receiving systems, techniques for determining different path and motion control will be established based on the information
obtained through sensors and signal receiving systems on autonomous vehicles, which enables autonomous vehicles to operate in
mixed environments with strategies to improve its performance and optimize its operation process. In this paper, we evaluate the
techniques for setting up the path planning studied recently. Then, we propose a solution and application research on autonomous

vehicle problem.

Key words: autonomous vehicle; path planning; motion planning; intelligent transportation systems.
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