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KET HOP PHUONG PHAP RRT VA STANLEY
CHO O TO TU HANH VAO BAI DAU XE

COMBINATION OF RRT AND STANLEY METHODS FOR AUTONOMOUS VEHICLES INTO A PARKING AREA

TOM TAT

0 to tu hanh 13 linh vuc dang dugc cac nha nghién cu quan tam hién nay.
Trong dd, bai dau xe tu dong dugc coi la mgt phan quan trong trong nghién ciu vé
0t tw hanh. Khi s lugng 6 t6 ngay cang tang Ién, viéc ddu xe ngay cang trd thanh
mot van dé nan giai, do vay bai dau xe tu dong 1a mot phan khdng thé thiéu trong
tuong lai. Bai bdo nay, nhém téc gid tap trung vao ap dung phuong phap cay ngau
nhién RRT dé tim dutng di tham chiéu tGi vu cho 6 t6 va phuong phép Stanley dé
diéu khién 6 t6 di theo dudng di tham chiéu. Két qua mo phdng da thé hién rd hiéu
qué ctia bo diéu khién dé xudt khi sai [éch cla tin hiéu dudng di tham chiéu va diéu
khién luén dudi mic 3%. Goc danh di va quy dao chuyén dong thé hién 6 t6 luon
ndm trong ngudng danh I3i va dam bao tinh on dinh cda xe.

Tir khéa: Dng luc hoc 6 t6; cdy ngdu nhién RRT; phuong phdp Stanley; dudng
tham chiéu; 6 t tu hanh; bdi ddu xe.

ABSTRACT

Autonomous vehicles are an area of interest for researchers nowadays. In
which, automatic parking is considered an important part of autonomous vehicles.
As the number of cars is increasing, parking area is becoming more and more a
problem, so automatic parking is an indispensable part of the future. This article
focuses on the application of the RRT random tree method to find the optimal
reference path for the car and the Stanley method to control the car in order to
follow the reference path. The simulation results have clearly shown the effect of
the proposed controller Pl when the error of the reference path and the control
signals is always below 3%. The steering angle and vehicle trajectory show that the
caris always within the steering threshold and always ensures its stability.

Keywords: Vehicle dynamics; random tree RRT; stanley method; reference
path; autonomous cars; parking area.
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1. GIGI THIEU

Tu déng d6 xe la mot trong nhing linh vuc dugc cac
nha nghién ctu quan tdm hién nay. Hé théng tu dong clia
6 tO sé kiém soat va huéng 6 t6 dén diém dé co sén. Mot
chiic ndng nhu vay can rat nhiéu cdm bién bao gém:
camera phia trudc va bén héng dé phat hién vach ké lan
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duding, bién bio dudng (bién bao ding, vach k& dudng
ra,...), cdc phuang tién khac va ngudi di bo. Cam bién nap
va siéu am dé phat hién chudng ngai vat va tinh toan cac
phép do khodng cach chinh xac; cdm bién siéu am dé phat
hién chuéng ngai vat.

Vé ké hoach va kiém soat dudng di, hién nay cac nha
nghién ctru dé ra nhiéu phuong phép diéu khién c6 thé ké
dén: d6 xe song song cho xe tu hanh st dung dudng cong
Compertz [1]; phuong phap tiém can thuat toan di truyén
déi v6i phuong tién thong minh tu hanh [2]; kiém soat lai
xe véi diéu khién dy bdo MPC dé theo déi quy dao theo
muc tiéu clia bai dau xe [3]; bai dau xe ty ddong danh cho xe
tu hanh dya trén Vehicular AD Hoc Networking [4].

3 bai bao nay, nhom tac gia dé xuat phuong phap dua
trén doéng luc hoc clia 6 t6 va cac rang budc dé lap mot
dudng di hinh hoc kha thi. Sau d6 st dung luat diéu khién Pl
dé diéu khién quy dao 6 t6 di theo dudng tham chiéu. Cach
ti€p can nay yéu cau dd chinh xac diéu khién cao vé téc do
va hudng chuyén déng. Do vay né phu hgp cho viéc ap
dung vao xe tu hanh. Nhém tac giad st dung thuat toadn cay
ngau nhién RRT [5, 6] dé tim dudng tham chiéu t6i uu cho &
t6 va sir dung thuat toan bam theo quy dao [7] d€ dadm béo
vé mat déng luc hoc clia xe va an toan clia ngudi lai.

2. THIET LAP DPUGNG DI THAM CHIEU

2.1. Lap ké hoach tuyén duéng
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Hinh 1. M hinh Iap k& hoach dén diém d6 xe

Trong nghién ctu nay, nhém tac gia si dung mot ké
hoach toan cau tinh dugc luu trit nhung thudng la thuat
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toan dinh tuyén dugc cung cap bdi co s& ha tang bai dau xe
cuc bo. K& hoach tuyén dudng toan cau dugc moé ta nhu mot
chuéi cac doan dudng di qua dén diém doé xe nhu hinh 1.
2.2. Thiét ké thuat toan tao dudng tham chiéu
& day tac gia thiét ké thuat toan tim dudng di ngdn
nhat gitta hai diém trong mat phang, diém dau va diém
cudi ky hiéu la P, va P.. Méi diém dugc lién két véi goc dinh
huéng riéng clia nd va tuong ung xac dinh huéng chuyén
dong thé hién trong hinh 2. K&t hgp P, va P; dugc goi la cau
hinh ban dau va cudi cling, xac dinh hai diém trong khéng
gian cdu hinh tuong ung (khéng gian X) va cac diéu kién
bién cla bai toan. Vdi hai diém P, va P; dugc cho nhiém vu
[ tim dudng di ngdn nhat gitta hai diém va phai tran min,
sao cho né bat dau va két thic hudng chuyén dong va
tuong Ung véi d6 cong gidi han la 1/p, trong d6 la p la ban
kinh quay vong nho nhat clia 6 to.
L
1l I I | I

Pi] (0,0)

I v 1 | v

Hinh 2. Hé toa dd, cu hinh ban dau (P, a) va cau hinh cudi cng (P, B), cac
goc dinh hudng chia thanh cdc gc phan tu

Tu d6 xay dung nén thuat toan tim dudng di téi uu cho
6 t6. VGi vi tri 6 t6 dugc cung cap la (x,y,0) e R® dé xay
dung lén con dudng c6 thé chdp nhan, tac gia gidi thiéu ba
chuyén dong co ban: quay sang trai R, ré sang phai L,
chuyén déng theo dudng thdng S nhu sau:

Lv(x,y,d) =(x+sin(dp+v) —sin(d), y —cos(dp + v) +cos(d), o+ v),
Rv(x,y, ) =(x—sin(¢p—v) +sin(¢),y +cos(d—v) —cos(d), d—Vv), (1)
Sv(x,y,$) =(x+vcosd,y —csing, ¢),

Trong d6 v biéu thi rdng chuyén déng doc theo doan
(Circle hoac Straight) c6 d6 dai v. VGi cac phép bién ddi
co badn nay, tu d6 tao nén luat diéu khién 6 t6 ndm trong
D = [LSL, RSR, RSL, LSR, RLR, LRL] [8], c6 thé dugc bidu dién
dudi dang céc phuong trinh tuong tng.

Thuat todn cdy ngdu nhién RRT dugc thé hién tom tét
trong bang 1.

D0Gi vai thuat toan cay ngau RRT dua ra trong bang 1.
Trong khéng gian cdu hinh X cho trudc (bao gém khéng
gian tu do X;.. khong chua vat can va khéng gian vat can
Xops) + €AY RRT sé dugc trién khai nhu sau. Dau tién, cay RRT
bat dau tai x,,, 1a dinh duy nhat ctia né va khéng cé canh.
Trong mdi vong lap, chon ngdu nhién moét cdu hinh
X,ung € Xiee (0@Ng céch st dung thudt todn tim kiém va
cham loai bé nhitng mau trong X,,,) va sau dé mé& rong cay
vé phia mau nay sau méi lan Idp. Chon moét khodng cach
cho 2 diém va xay dung nhiing rang budc xung quanh va
chon X,.,, gan vdi x4 Nhat dugc tim thdy trong mét gidi
han cta cho phép. Tu d6 ti€p tuc chon x,.,, di chuyén tu
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Xnear MOt khodng cach gia tang At véi su dinh huéng cua
Xpang- CUGT cing mot dudng nGi mai dugc thém vao tir X,
dén X,.,. Hinh 3 thé hién két qua cda viéc st dung thuat
toan cay ngau nhién RRT.
Bang 1. Thuat todn cay ngau nhién RRT
V.add(xinit)
2 forito Kdo
Xrana=trang thai ngau nhién

Xnear=4di€m 1an can trong cay T dén x,qnq
Xnew= M rONG Xyeqr VE phia Xyana

and kiemtra_vacham(x,,,,)

if Xpew kKhONG thé két ndi tbi x,,.q, then
V.addVertex(x,0);

V.addEdge(Xyear) Xnew);

End

If kiemtra(xpew, Xg0a1) < distanceToGoal then
Break;

End

End

T

L8 L
160 180 200

Hinh 3. M6 phong thuat toan cay ngau nhién RRT

3. PIEU KHIEN THEO DUONG PI THAM CHIEU DUA TREN
PHUONG PHAP STANLEY
3.1. Gigi thiéu phuong phap Stanley

Phuong phap Stanley la phuong phéap st dung goéc
déanh 1ai d€ diéu khién quy dao chuyén dong cuta 6 t6. Luat
diéu khién lai dugc thiét ké bang cach st dung cac phuang
trinh déng luc hoc clia chuyén déng, trong d6 tinh én dinh
tiém can da dugc ching minh trén toan cau. Luat diéu
khién nay sau dé dugc bd sung dé xu ly cac dong luc cda
I8p khi nén va cla vé lang truyén déng bang servo. Dé
kiém soat téc dd xe, phanh va ban dap dugc kich hoat bai
b6 diéu khién tich phan ti 1& chuyén d&i PI. Hé théng diéu
khién hoan chinh tiéu thu khéng dang ké tai nguyén CPU
trén 6 t6 tu hanh. Va né dugc thuc hién trén chiéc
Volkswagen Touareg, hang muc ctia doi dua Stanford trong
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“DARPA Grand Challenge 2005", mét cudc dua dia hinh cho
xe ty hanh. Két qua thi nghiém cta Stanley chiing minh kha
nang clia b diéu khién theo déi quy dao gilia cac chudng
ngai vat, trén dia hinh d6c va gon séng, qua viing bun sau
va doc theo cac canh vach d3, vdi sai sé do dudng trung
binh binh phuaong (RMS) la dudi 0,1m.

3.2. M6 hinh déng hoc ciia 6 t6

Hinh 4. M6 hinh dong luc hoc 6 to

Hinh 4 minh hoa mé hinh 6 té hai vét nghién ciu
chuyén déng léch clia 6 t6 trong trudng hgp téng quat
chiu tac dung cda luc gio xién vdi gia thiét cac luc tac dung
lén banh xe F,;, F;, (i = 1,2,3,4) dat tai tdm vét tiép xic cla
banh xe véi mat dudng, bd qua cac luc cdn & banh xe va tai
trong tinh phan bd ddi xing theo phuong chuyén déng
cla 6 t6. Cac théng s6, ky hiéu ctia mo hinh dugc trinh bay
trong [9].

Ta c6 phuong trinh (2) mé ta chuyén déng cla 6 t6 ¢c6
ké dén anh hudng cla luc cdn khdng khi dugc viét nhu sau:

—mv, +mv, (B+\)+F, cos(8,)+F, cos(8,)

+F; +Fq —F, sin(d,)—F,,sin(5,) -Fw =0 (2)

-mv, — mv, ( +) +F, sin(8,) +F,, sin(8,)

+F,, cos(6,) +F , cos(8,)+F; +F, +N=0

Phuong trinh mé men déi véi trong tam xe dugc viét
nhu sau:

—Jzg +F  cos(8,)Lf +F , cos(5,)Lf —F ,Lr

—F,Lr+F, sin(8,)Tf - F,, sin(5,)Tf + (3)

F,,sin(3,)Lf +F,, sin(3,)Lf —F_,cos(3,)Tf

+F,,cos(3,)Tf+F ,Tr—=F,Tr+Ne =0

TU phuong trinh (3) va (4), ta c6 hé phuong trinh mo
ta chuyén dong cda 6 té theo quy dao:

. .. 1(F,cos(8,)+F,cos(d,)+F,
Ve =V BT R sin(5,)~F, sin(3,) ~Fw
1 F,sin(3,)+F,sin(5,) (4)
m{ +F, cos(8,) +F, cos(8,)+F, +F, +N
: F,, cos(d,)Lf +F,, cos(d,)Lf —F ,Lr —F ,Lr +F, sin(3,)Tf
£= % —F,, sin(8,)Tf +F,,; sin(8,)Lf +F,, sin(3, )Lf —F,, cos(,) Tf
+F, cos(d,)Tf +F ,Tr—F ,Tr+Ne

V, ==V, (B+i)+
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3.3. Xay dung thuat toan diéu khién bén

Chuyén déng ctia 6 t6 cling vdi van toc v(t) ¢ thé dugc
miéu ta dudi dang sai s6 clia goc quay than xe va goc lai:

e(t) = g(t) - 6(t) (5)

Déi vai lai xe vé phia trudc, banh xe dan huéng la banh
trudc va dao ham cla sai s0 la:

&(t) = v(t) *sin(y(t) - (t)) (6)

Trong do, | 8(t) <3,

Dao ham clia goc quay than xe la van téc quay than xe
dugc xac dinh la:

\V(t):r(t):_v(t)sm(éi(t)) 7)

a+b

Tu phuong trinh déng hoc trén ta xay dung luat diéu
khién lai nhu sau:

. ke(t)
3(t) =w(t)+ arctan(—ke(t)) néu | y(t)+arctan(—)|<3,
v(t) v(t)
ke(t
8(t)=35,,, néu y(t) +arctan(ﬂ) >3
v(t)
ke(t)

max

3(t) =8, néu y(t)+arctan(——) < -5
v(t)

3.4. Xay dung thuat toan diéu khién doc

B6 diéu khién doc nhan yéu cau tir: bo 1ap ké hoach quy
dao, bd dé xuat téc do an toan. B diéu khién st dung muc
t6i thi€u cla cac t6c d6 nay lam diém dat. Coi 4p suat
xilanh va mdc dé nhan ga la hai bo truyén dong tac déng
don 1é doc lap nhau tao ra luc doc Ién 6 t6. Thuc nghiém
cho thdy diéu nay gan ding véi hé théng phanh. Bé diéu
khién tinh toan sé liéu tich phan sai s6 ty lé (PI), & lan 13p
diéu khién rdi rac (i+1) nhu sau:

e, (i+N=k, (vi+N)-v (i+D)+k e, (+1) (8)

Trong do, s6 hang tich phan dugc cho béi:
e i+ =e (+D+(v(i+1)—v_(i+1) (9)

Trong do, v, la téc d6 theo lénh nam trong téc dé cho
phép cta xe khi vao bai d6, & day tac gid dé van téc gidi
han la 7 (m/s) . Cac gia tri k, va k; xac dinh su can bang loai
bd nhiéu va do vot 18.

4, KET QUA MO PHONG VA PANH GIA

Trong qua trinh moé phong tac gid danh gia hiéu qua cla
b6 diéu khién véi cac vi tri @& xe khac nhau. Két qua sau day
la mét vi du cu thé véi dudng nét dut la dudng tham chiéu
va dudng nét lién |a dudng di clia xe vé6i bd diéu khién.

Truong hop moé phong nay, nhém tac gia cho xe di vao
diém dé vudng goc. Hinh 5a la dudng di tham chiéu téi uu
dugc tac gia s dung bang thuat toan cdy ngau nhién RRT
véi nhiing rang budc déng luc hoc clia xe va tranh va cham.
Hinh 5b thé hién 6 t6 di vao diém dé dua trén dudng di
tham chiéu bang cach st dung thuat toan dua trén phuong
phap Stanley. D& thé hién ré hon tac gia st dung hinh 6 dé
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miéu ta do hiéu qua clia thuat toan, ta thay xe tu hanh luén vn toc cia xe va tham chiéu

bam sat dudng di tham chiéu. Hinh 7 nhém tac gia so sanh ' ' - = -am-_,r;gu@ chiéu
van téc tham chiéu va van téc thuc ca 6 t, ta thay van téc 6 i e
0 t6 ludn bam sat van téc tham chiéu va khi 6 t6 thuc hién
gé6c danh 14i 16n sai léch van téc 1a khéng dang ké. 5f
450 I 'E‘ %
£
400 a3t
350
2
300
E 250 1
=
200 0 | | | | | | | ]
150 (4] 5 10 15 20 25 30 as 40 45 50
tis]
o Hinh 7. Vén toc thuc té cla 0 t6 va tham chiéu
® _ D& thay ré6 hon hiéu qua clia thuat toan diéu khién da
3 pE %5 o : dé xuat, tac gia thong ké gia tri sai léch binh phuong trung
X(m) binh RMS clia xe ty hanh khi di trén dudng tham chiéu.
a) Bang 2 da cho thay ro cac sai léch giéltri binh phuong trung
Bin b binh RMS déu nhd hon muc 3% nhat la dudng di cta quy
150 dao dua trén dudng tham chiéu la duéi muc 0,3%. Két qua
mo phong & trudng hgp nay da cho thay ré do hiéu qua
400 cla thuat toan dua trén phuong phap Stanley.
350 Bang 2. So sénh gia tri RMS giita dudng di tham chiéu va dung diéu khién
=90 Budng di (m) Van toc 6 to (m/s)
E 250 Duang di tham chiéu 53,8970 1,6628
-
200 Dudng di thuc té 53,7663 1,7120
150 Do giam 0,242% -2,95%
100 5. KET LUAN
- Trong nghién ctu nay, nhdm tac gid da tap trung vao
viéc xay dung mo hinh 6 t6 va dp dung thuat toan cay ngau
: a 100 206 200 nhién RRT dé tao ra dudng di tham chiéu. Sau d6 st dung
X(m) thuat toan dua trén phuong phap Stanley dé diéu khién xe
b) di theo dudng tham chiéu. Két qua mé phdng da cho thay

6 t6 tu hanh trang bi bd diéu khién dua trén phuong phap
Stanley d& ddm bdo dé dinh cla xe khi goc danh 1ai luon

o il BbE a6 GDe 8 6 nam trong ngudng cho phép, van téc xe luén bam sat van
e = duiomg tham chida] | T T i T T téc tham chiéu va dac biét han nira quy dao clia xe tu hanh
300 l—"""“"J""“ s 1 luén bam sat quy dao dudng tham chiéu. DE thé hién rd
hon vé hiéu qua ctia phuong phép tac gia da xac dinh dugc
sai léch binh phuong trung binh RMS déu nhé han muic 3%.
Pac biét quy dao dudng di cta xe tu hanh va dudng di
tham chiéu luén nhé han muc 0,3%.

Hinh 5. Butng tham chiéu (a), md phong vao vi tri (b) dua trén thudt toan
cdy ngau nhién RRT

Hudng nghién ctu tiép theo co thé ké dén la xay dung
b6 diéu khién cho xe tu hanh dua trén phuong phap diéu
khién du bao MPC (Model Predictive Control) dé xe tu hanh
vao vi tri @6 va sau dé xem xét d6 hiéu qua khi so sanh véi
b6 diéu khién dua trén phuong phap Stanley.

160

140 i . i i 1 L L L !
50 60 70 B0 80 100 110 120 130 140 150
X(m)

Hinh 6. So sanh dutng di thuc té cda 6 t6 va dudng tham chiéu
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