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TIM PUONG PI CHO ROBOT DI PONG SU DUNG
KY THUAT RRT VA PSO
FINDING THE PATH FOR MOBILE ROBOT
USING RRT AND PSO TECHNIQUE

Téng Thanh Trung
Ngé Vian Thuyén

TOM TAT

Cdy RRT (Rapidly-exploring Random Tree) la mét cdu triic dir liéu ngdu nhién va hiéu
qua thiét ké danh cho viéc tim kiém trong khéng gian da chiéu. RRT cé thé dwoc coi nhw
la mot ky thuat dé tao ra nhitng diém ngd~u nhién trong hé thdngphi tuyén, dac biét thich
hop cho vin dé lip quy dao dwong di trong khéng gian cé vdt can va cdc rang bujdce
nonholonomic va kinodynamic. Thudt toan PSO (Particle Swarm Optimization) la thudt
todn hitu hiéu cho bai toan tim kiém toi wu.

Bai bao nay trinh bay viéc su dung cdu triic cday RRT két hop voi thuat toan PSO dé tim
dwong di cho robot trong méi triwong cho truée. Thudt toan PSO dwoc sir dung dé tim van
toc goc va van toc thang cho robot dé robot cé thé di chuyén tir diém ban dau dén diém
ké tiép trén cdy. Két qua mé phong trén Matlab cho thdy tinh hiéu qua ciia phirong phdp
két hop cdy RRT va PSO tim dwong di cho robot di dong.

ABSTRACT

RRT (Rapidly-exploring Random Tree) is a random data structure, designed for efficient
search in the multi-dimensional space. RRT can be regarded as a technique to create
random points in nonlinear systems, especially suited for problems of path planning
for mobile robot with nonholonomic and kinodynamic constraints. Particle Swarm
Optimization is an efficient algorithm for optimization problems.

This paper presents the application of RRT combining with PSO algorithm to find a path
for mobile robots in a known environment. PSO is used to search for the optimal angular
and linear velocities so that the robot can move from one position to the next one on the
tree. Simulation results in Matlab show that the proposed method is efficient for finding
the path for mobile robot in a known environment.

Keywords: mobile  robot; path planning; RRT algorithm;,  Particle Swarm
Optimization

I. GIOI THIEU , , . , .
di”’cho robot di chuyén tir vi tri xuat phat

dén vi tri dich mot cach toi vu. K¥ thuat
tim duong di theo Latombe, J.-C. [5] dugc
hoan thién cho nhiing khong gian tinh noi
ma vi tri clia tit ca cac d6i tuong bao ham
trong moi truong dugce dinh vi 1o rang. Tuy
nhién k¥ thuat nay co thé duoc ap dung
trong nhiing khong gian dong nhu mot
modun bod sung dé tranh sy va cham véi

Robot di dong ngay cang chiém vi tri quan
trong trong cac linh vuc nghién clru va ing
dung. Mot vai tmg dung c6 thé ké dén nhu
[8]: robot tham do sao Hod, robot do min
trong quan su, dung trong cac linh vuc cong
nghi¢p va cudc séng la robot hut bui, robot
han, robot kiém tra ng ngam.

Bai bao nay giai quyét bai toan“Tim dudng
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d6i tuong dong.

Hai trong nhitng phuong phéap tim duong
di ph bién d6 1a phuong phap phan tich 6
[7] va ban d6 duong xac sudt (PRM) [5].
Phuong phap phan tich 6 phu thudc nang
né vao6 sy phan chia khong gian thanh
cac 0 co kich thudc. Sy phan chia do sé
phirc tap hon khi robot tiép xtic véi nhiing
rang budc nonholonomic va kinodynamic.
Trong phuong phiap PRM, mot do thi s&
dugc xdy dung trong cau hinh khong gian
boi viée phat thao ngiu nhién nhitng diém
va két ndi cap nhitng diém canh nhau véi
mot diém ctia so d6 dia phuong. Tuy nhién,
van d& két ndi co thé gap kho khan trong
viéc thyc hién diéu khién phi tuyén, dic
biét 1a d6i voi rang budc nonholonomic va
kinodynamic [3].

Phuong phép cdy RRT (Rapidly-exploring
Random Tree) [1], 1a phuong phéap lap
ké hoach duwdng di hiéu qua trong khong
gian c6 rang budc nonholonomic hon hai
phuong phap néu trén. N6 dugc gidi thidu
dau tién vao nim 1998 boi Steve Lavalle.
Cay RRT c6 nhitng dic diém dugc trinh
bay nhu:

e Cay RRT la mét cdu tric dir liéu
dugc thiét ké cho viée tim kiém quy
dao trong khong gian da chiéu

e Ngon cua cay luon luon duogc tim
thiy trong khong gian c6 vét can va
cac rang budc nonholonomic hodc
kinodynamic.

Van dé bai bao dit ra duoc giai quyét nhu
sau: thir nhat tao cac diém ngau nhién véi
cay RRT néu trén. Thir hai dung thuat toan
PSO (tam dich t6i wu bay dan) [4], duoc
Kennedy va Russell C.Eberhart gidi thiéu
vao nam 1995 tai mdt hoi nghi cua IEEE,
dé tim vi tri va van toc hién tai tot nhét cua
diém ngﬁu nhién, vi tri va van toc toan cuc
t6t nhét.

II. THUAT TOAN RRT

Robot di dong cd6 mod hinh toan hoc nhu

[9].
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Trong d6: (x,y) 1a vi tri cua robot, goc 0
dinh hudng cho robot , van toc thang v va
van tdc goc o .

Tt mo hinh toan hoc cua robot, robot ¢6
thé di chuyén xung quanh né6 mot ving
trong khoang thoi gian A¢ va nim trong

pham vi v_ . M0t nguyén nhan lam robot
léch hudng 1a rang budc nonholonomic
ton tai trong moi trudng chuyén dong cua
no.

Qua hinh 1 c6 thé thay robot s& ton it thoi
gian dé di chuyén dén vung trudc va sau
ctia nd hon 14 di chuyén dén ving bén
canh, boi vi phai cAn mot gia tdc cao hon
dé 1ai.

bit biéu thuc chuyén doi trang thai duogc
st dung véi rang budc nonholonomic Ia:

£ = f(xu) @)

Trong d6 x 12 mot cAu hinh va u = (v,0)
dugc cai dat cho ngd vao diéu khién
Trang thai moi:

. =x+f{xu)M (3)

n
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Hinh 1. Biéu do ciia ham F(o),
thay déi vin téc banh (Av)/At
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dé thay doi vi tri ciia robot trong
mot don vi thoi gian.

bat NEW_STATE (x,u,At) la trang thai
moi tao ra. Cho diém bat dau (x,;), cay
RTT (7 ) v6i K dinh duge xay dung nhu
sau [2].

1. T .init(x, . );

2. fori=1toKdo

3. x_, “RAND_STATE();

4. x ..~ NEAREST_

NEIGHBOR(x__, T );

5. u + SELECT _
INPUT(x,_ X, ..)>

6. x  ~NEW_STATE(x__,u,
At);

7. T .add_vertex (x_ );
8. T.add_edge(x . .x . u);
9. return<

Trong khong gian ciu hinh Ccho trudc

(bao gdm khéng gian tu doC

khong

fiee
chtra vat can va khong gian vat can C, ),
cay RRT s€ dugc trién khai nhu hinh. Th

€ Cy,, - Trong

moi vong 1ap, chon mdt cau hinh ngau

nhat, cdy RRT bt dau tai x,

init

nhiénx,,, sao cho x,,, €C, (bang cich
su dung mot thudt todn tim kiém va cham

dé loai bé nhitng miu trong c,) bat p
la khoang céach gilta hai cau hinh robot
dugc xéac dinh trén khong gian cdu hinh C
. Budc 4, chon cau hinh x,_ 1a diém gan
t6i x_  nhat dugc tim thay trong mot gidi
han cta p . Budc 5 chon mdt cAu hinh méi

X, » di chuyén tr x _ mot khoang cach

gia ting At voi sy dinh huéng cua x,,
. Néu ton tai rang budc nonholonomic thi
ngd vao diéu khién u dugc ap dung dé kiém
sS04t vi tri va van tdc tuong ng va cAu hinh
moi thu dugce theo tich phan sé giita (x,u)
. Cudi cung, mot duong ndi méi duoc thém

vao tur x,., dén x,,, .

near

III. THUAT TOAN PSO TRONG
TIM PUONG PI CHO ROBOT DI
PONG

PSO 12 mét tap hop nhitng phan tir chuyén
dong voi van tc va goc quay nhu hinh 6
khi ching dugc “ném” tu do trong khong
gian tim kiém. Mdi phén tir c6 nhitng dic
tinh sau [5]:

e Vi tri hién tai cua phan ttr, x|

e Van toc hién tai ctia phan tu, v,

X
( new
— — — -.
X Xrand
hear
init
Hinh 2. Céu triic cdy RRT
. * Pf_ -
I.-. - Pf+1 b
O ______7_____.--—_ i - ::“H . - X;'A
- b ,A_
g %
A’//

Hinh 3. Sw di chuyén ciia phdn tiv

e Vitri tot nhat ctia phan tir, lién quan
toi vi tri thich hgp nhat ma phan tr

dat t6i cho dén thoi diém k, p;
e Vi tri tot nhat toan cuc, lién quan
té1 vi tri thich hop nhat dugc tim

thiy giita cac phép tu, p;,f
Trong qué trinh tim kiém, moéi phan tr
s€ cap nhat van tde va vi tri cua no dé di
chuyén téi vi tri hién tai tot nhat va vi tri
toan cyc tot nhit theo dang thuc sau:
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Vi = @3V + O | B — X5 |+ oy | PE — %3 ) (4)
T . i
Npr1 = X T Vi (5)

V6i i el..n trong n la sb luong phan tir, k s 14n 13p,w trong lwong quén tinh, his s ngau

nhién trong khodng [0,1] va ¢, ,1a hé s6 gia toc.

Ham muyc tiéu danh gia tinh t6i1 wu cia phan tir 1a: f(x) sai s0 chénh 1éch gitra vi tri cua
phan tir va vi tri hién tai tot nhat cua no.

Mbi phan tr cap nhat vi tri tdt nhat cta no theo phuong trinh:

Dy

(POSSO) (% P = () > f() W Wow ()

Vi tri toan cuc tdt nhét cua phan tir dugc cap nhat dua vao phuong trinh:

pI§+1 = mln(pllc+l) (7)

Trong bai bao nay, thuat toan PSO duoc sur dung nham tim van téc t6i uu dé robot di

chuyén gitra cac diém trén cdy RRT. Vi tri va véan tdc ctia phan tir thir i dwoc mé hoa nhu
sau:

p=0.a) (8)
V=V, V) (9)

Trong d6, v' : van toc thang ctia robot, ®': van toc gdc cua robot, V' : toc do thay doi cua

v, V! the @6 thay doi cia o’
IV. KET QUA MO PHONG

Bang cach str dung phuong phap cdy RRT két hop thuét toan PSO da dua ra két qua nhu
mong mudn 1a tim dugc duong di cho robot. Vi cac thong s cai dit nhu sau:
Truwong hep 1:

- Théng s6 cai dit cho cidy RRT
Diém bat dau = [25 18]; Diém dich = [70 70 0 0 0 0 0 0];P=3; s diém random =i,
1<i<500; cay=[25 18 0 0 0 (1-2*rand)*p1,0,0];
- Thong sb cai dat cho PSO
w_max=8; v_max =8;AT =1; s§ 1an lap = 100; sé phan tir =20; c1 = 1.3; c2 = 1.3.
- Ch thich:
C  Diém random
—— Cay RRT
=== Puong di cho robot
Két qua la:
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Hinh 4c. Giai doan 4 ciia cdy RRT véi i=86 Hinh 4a. Giai doan 4 cua cdy RRT véi i=136

Truwong hep 2:

Khong gian vat can thay dbi, thong sb cai dat thay doi nhu sau:

- Thong sb cai dit cho cdy RRT

Diém bt dau =[0 -7]; Piém dich=[13000 00 0]; p=0.5 ; s6 diém random =i, 1<i<500;
cay=[0 -7 0 0 0 (1-2*rand)*pi,0,0];

- Thong s6 cai dat cho PSO

w_max=1; v_max =1;AT =1; 54 1an lip = 100; s6 phan tar=20; c1 =1.3; c2=1.3.

Két qua la:
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Hinh 5a. Khai trién cdy RRT xét trong hé
toado C = [—8,8]>< [—8,8]

V. KET LUAN

e Phuong phap RRT la phuong phap
tim kiém hiéu qua trong méi truong
c6 rang budc nonholonomic

e Duong di tdi wu s& duoc tao dung
cho robot di chuyén tir diém bét dau
dén diém dich ma khéng va cham
vat can.

e Khai trién cac bién thé cua cay
RRT ung dung trong khong gian
tim kiém rong 16n.

TAI LIEU THAM KHAO

Latombe, J.C, Robot Motion Planning.
Norwood, MA, Kluwer Academic
Publishers, 1991.

“Learn about Robots Includes Information
on Research, Commercial and
Military  Robot  Applications,”
http://robotics.nasa.gov/links/
resources.php

Batavia, P., Nourbakhsh, I., “Path Planning
for the Cye Robot,” in Proceedings
of the IEEE/RSJ International
Conference on Intelligent Robots
and Systems (IROS’00), Takamatsu,

Hinh 5b. Puong di cua robot xét trong
hé toa d9 C =[-8,8]x[-8,8]

Japan, November, 2000.

Dr. Jizhong Xiao, Introduction to
Robotics, Department of Electrical
Engineering City College of New
York, jxiao@ccny.cuny.edu

http://www.mauriceclerc.net 29 February
2000

Lagoudakis,Michail G.,Mobile Robot Local
Navigation with a Polar Neural
Map, MSc Thesis, University of
Southwestern Louisiana, 1998.

Maurice Clerc (Maurice.Clerc@WriteMe.
com), Discrete Particle Swarm
Optimization illustrated by the
Traveling Salesman Problem.

Roland Siegwart and Illah R. Nourbakhsh,
Introduction to Autonomous Mobile
Robots, 2004.

Russell, S.,Norvig,P., Artificial Intelligence,
a Modern Approach. Prentice Hall
International, 1995.

Steven M. LaValle, Rapidly-Exploring
Random Trees: A New Tool for Path
Planning, Department of Computer
Science lowa State University
Ames, IA 50011 USA, lavalle©cs.
iastate.edu.



