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TRANH VAT CAN CHO ROBOT DI PONG
BANG PHUONG PHAP TRUONG THE NANG
POTENTIAL FIELD METHOD:
OBSTACLE AVOIDANCE FOR MOBILE ROBOTS

Dwong Ngoc Lan
Ngé Van Thuyén

TOM TAT

Phwong phdp truong thé nang la mot phiwong phdp phé bién trong tranh vit cdan
cho robot di dong. Phwong phap nay dwoc thu hut boi tinh don gian va hiéu qua cua no
trong viéc di chuyén cuc bé cia robot trong méi triwong cé vit can. Trong bai bdo ndy
ciing trinh bay cac phwong phap tranh vat can khac nhw giai thudt Bug, phwong phap
cira s6 dong. Két qua mé phong robot hoat ddng trong méi truong cé vit can trén Player/
Stage chay trén nén Linux cho thdy tinh hiéu qua ciia phwong phdp nay.

ABSTRACT

Potential field method is a universal method in obstacle avoidance applications
for mobile robots. This method is particularly attractive because of its elegance and
efficiency for obstacle avoidance. Other methods such as Bug algorithm, dynamic
window approach are also presented in this paper. Simulation results on Player/Stage
(run on Linux) show that the potential field methods are very efficient for local obstacle

avoidance and navigation.

I GIOI THIEU

Robot di dong dang ngay cang
chiém duogc s quan tAm cua cac nha nghién
cuu va xa hdi. Vi theo cac nha nghién cuu,
moi truong hoat dong ctia robot rat da dang
c6 thé 1a dat, nudc, khong khi, khong gian
vil tru hay su t6 hop giita chiing. Pia hinh
bé mat ma Robot di chuyén trén d6 c6 thé
bang phang hoic thay d6i, 16i 16m.

Tiém ning tmg dung cua robot di
dong hét strc rong 16m. Cac Gmg dung tiéu
biéu cua robot di dong c6 thé ké dén nhu:
robot ding trong cac linh vuc thdm hiém
khong gian, robot dung trong cac linh vuc
quan sy (robot do min), robot dung trong
cac linh vuc cong nghiép (nhu robot lam
sach cong nghiép) va phuc vu doi séng con
nguoi nhu robot hut bui.

1.1 Phan loai

C6 nhiéu loai robot di dong khac nhau,
chung dugc phan loai theo méi truong lam
viéc va phuong thire di chuyén. Dua vao
moi truong ma lam viée, ¢6 thé phan loai
robot di dong thanh [1]:

— Robot mat dit hodc robot gia dung:
chtng c6 nhiéu banh xe, nhung ciing bao
gdém robot chan voi hai hodc nhiéu chan
hon (giéng nguoi, dong vat hodc con tring
nhu hinh 1.1)

— Robot trén khong: thuong dugc ménh
danh 12 phi thuyén khong gian khong nguoi
diéu khién (UAVs).

— Robot duéi nudce: thuong duoc goi la
phi thuyén duéi nude ty didu khién.

Dua vao cach di chuyén (day loai chu yéu),
robot di dong co thé duoc phan loai thanh:

— Robot di chuyén bang chan (hinh
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1.2): chuyén dong nhd cac chan co khi bét
chude chuyén dong gidng nhu chan ngudi
hodc chan dong vat. Loai robot nay co thé
di chuyén rét tdt trén cac dinh hinh 16i 16m
phuc tap.

ra, diéu khién robot chuyén dong ciing
don gian hon. Thuong cé cac loai: loai di
chuyén bang banh xe (phd bién): ¢6 2 banh,
3 banh, 4 banh hoac 6 banh (hinh 1.3); loai
di chuyén bang vong xich: (hinh 1.4); loai

. . hdn hop banh xe va xich (it gap).
— Robot di chuyén bang banh:
loai nay thyc té hon, chung lam viéc tdt
trén hau hét cac dia hinh do con ngudi tao

i . i
el

Hinh 1.1

1.2 Mo hinh toan hgc robot di dgng

M&i loai robot di dong dugc mo ta béng cac mo hinh todn hoc riéng biét. Trong hinh 1.5
trinh bay mot dang mo6 hinh cia robot di dong ba banh xe duogc lap trén cung mdt truc
va hoat dong trong khong gian 2 chidu. Véi(x, y) 1a vi tri tAm ctia robot, 6 1a hudng ciia
robot , » 1a ban kinh ctia banh xe, b 1a mdt nita khodng cach gitra hai banh xe, v 1a van
toc hudng lai cua robot, w 1a van toc gdc cua robot,

Phuong trinh dong hoc:
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II. CAC PHUONG PHAP TRANH
VAT CAN

1. Thuat toan Bug

Thuat toan Bug [2,3] c6 1€ 1a mdt thuat toan
tranh vat can don gian nhat. Y tuong cia
phuong phap nay la khi gép vat can robot
s€ di theo dudong bao cua vat can va xem
robot nhu mdt diém hoat dong trong mat
phang, di chuyén tir s dén g va c6 gin
cam bién dé phat hién vat can.

Véi Bug 1 khi robot tim thiy duoc vat can
i thi robot lam mot duong bao kin quanh

I | Y-|

<
L

~

X

X1
Hinh 1.5 Mo hinh robot

no, bat dau tai mot diém va cham H,.
Puong bao nay nham dé udc lugng diém

c6 khoang cach L, ngan nhat téi muc tiéu.
Sau d6 robot tiép tuc di chuyén theo dudng
bao cho dén khi n6 tim thiy diém dé lan
nira ké tir luc né roi khoi doc theo duong

di thang dén dich. L, duoc goi la diém roi
khoi. Qua trinh dugc ldp lai khi phat hién
vat can moi. Phuong phap nay khong hiéu
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quéa nhung n6 dam bao 14 robot s& tim thay
muc tiéu. Hinh 2.1 md ta duong di cua
robot dé tranh vat can theo thuat téan Bug
1 v6i hai vat can O, va O,; sla diém xuét
phat; g la dich dén; H, va H, 1a diém va
cham; L, va L, 14 diém roi khoi.

Véi Bug 2 robot cling bat dau di theo
duong bao cua vat can,bat dau tai diém
va cham H, nhung két thuc khi ndo robot
cit ngang dudng dén dich. L la diém roi
khoi cua vige di theo duong bién vat can.
Tu L, robot di chuyén truc tiép dén dich.
Qua trinh dugc lap lai néu c6 nhicu vat can
dugc phat hi¢n. D¢ thay rang, thuat toan

Bug 2 ¢6 thoi gian di chuyén ngin hon va
hiéu qua hon Bug 1. Hinh 2.2 m6 t4 duong
di cua robot dugc tao ra bdi thudt toan Bug
2 cling véi hai vat can nhu ¢ Bug 1.

Tuy nhién c6 nhiing tinh hudng lam no
tro nén khong t6i wu. Trong thyc té robot
c¢6 thé bi bay trong cau triic ma 16. Ngoai
ra, phuong phap nay c6 han ché 1a chuyén
dong cua robot tai mot thoi diém chi phu
thudc vao gia tri doc cua cam bién gﬁn
nhét. Vi vay, coO thé dan dén nhiing véan dé
khong mong mudn va nhiing van dé chua
du phong khi nhitng cam bién khong cung
cap du thong tin, khi 6 phuong phép nay
khong cho két qua tot.

Hinh 2.1. Puong di cia robot khi gdp
var can

2. Phwong phap cira so dong.
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Hink 3.3, Dang civa 56 dgng kink chit nhat vin gid 007 (v, @) theo phuong

phip cita s ding

Day 1 phuong phap duge dé xuat boi Fox,
Burgard va Thrun [4]. Trong phuong phap
nay, cac rang budc vé dong hoc ctia robot
duoc xét dén béng cach xac dinh van tdc

cho robot mot khong gian tdc d(f){ v,o}
Khong gian toc do nay la tap hop tat ca céac

gia tri (v,m) , robot ¢ thé thuc hién véi gia

thiét rang robot chi di chuyén trong cung

Hinh 2.2 Duwong di cia robot khi
odp vat can

tron dugc xac dinh bdi gia tri gidi han cia
trong mot chu ky diéu khién. Véi van tdc
hién thoi cua robot, ta c6 mot ctra sO dong
clia tat ca cac van tdc ma robot c6 thé thuc
hién & chu ky diéu khién ké tiép. Sau do,
kich thudc cua cira s6 dong duoc giam
xuéng bﬁng cach loai bo cac gia tri van tde
ma robot c¢6 thé cham vat can, cac gia tri
van téc con lai duge go1 van tdc cho phép.
Huéng di chuyén cua robot ¢ chu ky ké
tiép duogc xac dinh tur tdp cac van tdc cho
phép theo mot ham muc tiéu. Ham muc
tiéu nay thuong dugc xac dinh sao cho
robot c6 chuyén dong tién nhanh, khoang
cach dén vat can 16n va sai 1éch giita huéng
di chuyén ctia robot va vi tri dich 1a nho.
Phuong phap nay rat hiéu qua cho mé hinh
dong nhung chi phi tinh toan rat cao va
day ciing 1 han ché ctia phuwong phéap nay.



PQ ik Vit Cin Cho RoBot Di Dong Bing Phuong Phép Truong Thé Ning

Hinh 2.3 mé ta phuong phép cira s6 dong.

III.  PHUONG PHAP TRUONG
THE NANG

Hinh 3.1. Duong di cua robot trong phuwong
phap truong thé nang khi gap vat can

Y tudng cua nhitng luc 4o tac dung vao
robot dugc dua ra boi Andrews va Hogan
[5] va Khatib [6]. Robot dugc khao sat nhu
1a mot diém dugc biéu dién trong khong
gian c6 céu hinh nhu 12 mot hat du6i anh
huong ciia truong thé niang nhan taoU(q) ,
duoc tao ra boi muc ti€u va vat can c6 mat

trong moi truong. Trong phuong phéap nay,
vat can tac dung mot luc déy vao robot,
trong khi do dich s& tao ra mot luc hut dén
robot. Néu vat can méi xuét hién trong sudt
qué trinh chuyén dong cua robot thi truong
thé ning co thé cap nhat dé tong hop nhiing
thong tin mdi nay. Téng clia tat ca cac luc
nay tao ra mot luc tong hop. Luc tong hop
nay quyét dinh dén huéng va toc do cua
robot (tim vi tri m&i cho robot). Nhu vay
truong thé nang nhan tao s& dan hudéng cho
robot huéng dén muc tiéu dong thoi biét
tranh vat can. Hinh 3.1 mo6 ta duong di cua
robot bang phuong phép trudng thé nang
Trong truong hop don gian nhat, chiing

ta gia dinh rang robot 1a mot diém, vi vy
dinh hudng 6 cua robot dugc bd qua va
két qua truong thé ning chi con 2D (x, )

. Néu chung ta gia dinh ham trudng thé

ning U(g) kha vi thi ching ta c6 thé tim thay lyc nhan tao F(g) tac dong tai vi tri cia

robot ¢g(x,y):

F(q)=-VU(q)

vo1 VU (q) 1a vecto gradient cua U tai vitri g :

3.1)

VU =
(3.2)

Trudng thé nang hoat dong trong robot thi duoc tinh bang tong truong thé hut cuia muc

tiéu va truong thé day cua vat can
Ulg) =

Trong d6 U, (¢)1a thé hut; U,

att

Uu(@)+U,, ()
(q) 1a thé day

(3.3)

Tuong tu, luc cling tach riéng gom luc hut va luc day:

F(gq)=

att (q) + rep (q)
==V Uzm (q) - VUrep (Q)

(3.4)

1. Thé hit U «(q) (attractive potential)

Thé hit U, (q) duge xac dinh nhu mot ham bac 2:
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1
Uatt (q) = E'katt'p;oal (q)
(3.5)
k .: hé so ti 1€ (duwong)

P e0a (¢) :La Khoang cach oclit (khoang cach hinh hoc) cua robot (tai vi tri g ) dén muc
tiéu

P (@) =0~ o

Ham U, (g) c6 thé duong hodc khong va dat nhd nhét tai ¢, U,, (g ) =0
Luc hat F, (g) duocsuyrate U, (q):
1 , 1

F:Jtt (q) = _v Uatt (q) = _V 5 'katt 'pgoal (Q) = _E'katt '2pgoal (Q)'Vpgoal (Q)
= _katt'pgoal (Q)'vpgoal (q)

L q- qgaal
Vi VP (@) ==+ = F,,(q) = ~k(q = qour) (3.6)

pgoal (q)

Ham thé ning bac 2 cho dic tinh 6n dinh t6t. N6 tao ra lyc hit F,, (¢) hoi tu tuyén tinh
vé 0 khi robot gan muc tiéu. Mt khac, F . (q) tang khi khoang cach dén muc tiéu ting va

cudi cung tién dén v6 cung khi p,,(g) >

2. Thé diy U, (q) (repulsive potential)

rep
Y tudng cta thé day 1a tao mot luc tir tat ca nhitng vat can di biét, thé ddy nay sé rat 16n
khi robot gan cham ddi twong, nhung s& khong anh hudng dén chuyén dong cua né khi
robot & xa ddi tuong.

biéu kién nay co thé dat dugc ham thé déy nhu sau:

1 1 1
— Ky (————) 1 < P
U, @=12""C@ p,) TPO=P (3.7)
0 ifp(Q)>po

Voi: k,,,: hé s0 ti 1& dwong; p(gq) : khoang cach nho nhét tir ¢ dén ddi vat can; p,,: khoang
cach anh hudng cta vat can (1a mot hang s6 duong)

Ham thé ddy 1a ham duong hodc bang 0 va tién dén vo cung khi ¢ -> ddi tuong.

Néu dudng bao cua ddi twong 13 16i va vi phan timg phan duoc, p(g) vi phan duoc tai

moi diém trong khong gian cau hinh ty do. Diéu nay dan dén lyc day F,,(g) nhu sau:

1 1) 9= 9gacte
ko | ———— | 4= ot <p,
’@(p@) QJ oq) P@=P (3.8)

0 ifp(q)>p,

E,(@)=-VU,,(q) =
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M3di vét can dugc phat hién bai cam bién s&
gy ra mot lyc day. Cong thirc trén 1a cong
thirc dé tinh Iyc day gay ra boi mot vat can.
Vi vay, két qua lyc day 4o cudi ciing 1a tong
ctia truong thé day duoc tao ra bai mdi cam
bién doc lap.
Luc tong cong tac dung vao robot:

F(q =F, (@) + F (@)
(3.9)
Cong thic 3.9 cho thy luc tac dung 1én
robot duoc trinh bay duéi dang luc day
va luc hut di chuyén robot léch xa vat can
va huéng vé muc tiéu. Duéi diéu kién ly
tudng, vecto van tdc robot ti 1& véi vecto
luc trudng, robot c6 thé hudng thang dén
muc tiéu.
Phuong phap trudng thé nang duoc ap dung
pho bién nho tinh don gian va hiéu qua cua
n6. Phuong phap nay c6 thé dugc thyc hién
nhanh chéng va budc dau cung cp nhiing
két qua chdp nhan dugc ma khong doi hoi
nhiéu tinh toan chinh xéc [6]
Bén canh sy don gian va hiéu qua thi
phuong phéap nay ciing c6 nhiing han ché
nhu sau:
-Vi tri bay hay cuc tri dia phuong: day la
van dé duoc biét nhidu nhat ciia phuong
phap truong thé nang. Vi tri biy xay ra khi
robot di chuyén vao diém chét (diém cut)

Hinh la: Két qua mé

phong voi , _ 1 voin =5

duoc tao ra do hinh dang cua vat can (vi du
vat can chir U)

-Khong c6 16i di giita nhitng vat can gan
nhau

-Robot chuyén dong khong on dinh trong
su c6 mat cua vat can

-Dao dong trong 16i di hep.

IV. KET QUA MO PHONG

Két qua mo phong sau ddy duoc thuc hién
trén robot Pioneer 2DX, md phong robot
hoat dong trong moi truong cd vat can
trén phan mém Player/Stage chay trén nén
Linux s& cho thdy tinh hiéu qua ctia phuong
phap nay.

Trong mo phong nay, robot cé cac thong sd
vé d6 16n hé sb luc day 1, d6 1on hé sd luc
hut va khoang cach tac dong cua vat can

P, khac nhau. Két qua mo phong cho thiy
voi cac thong so khac nhau, duong di cua
robot cling s€ khac nhau. Cu thé nhu sau:
1. Thay ddi d 16m hé s6 lwe day 1
Trong trudng hop nay robot xudt phat tai
diém ban dau co toa do (— 3,—7) vé vi tri
dich c6 toa do (7,5) chi thay d6i n, cac
thong so con lai khong doi. Ta co cac két
qua mo phong trong hinh 1:

9
Hinh 1b: Két qua mé phong

Hinh lc: Két qua mé phong voi
n=14

Két qua mo phong cho thay duong di ciia robot bi dao dong cang 16n khi 1y cang 16n.
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2. Thay déi d 16n hé s6 lwe hit

Trong trudng hop nay chi thay d6i do 16n hé s6 luc hat, cac thong s6 con lai khong dbi.

Ta c6 cac két qua mo phong trong hinh 2:

(e

il -
Hinh 2a: Keét gud mo
phong véi hé s6 lie hir bang
13 bang 50

3
Hinh 2b: Két qud
mé phong véi hé 56 lc hiit

4

Hinh 2c: Két qud mé
phong véi hé sd lie hir bang
100

Két qua mo phong cho thay khi do 16n hé sb luc hut cang 16n thi robot sé& di chuyén cang
gan vat can hon, khi d6 duong di cua robot bi dao ddng nhiéu hon.

3. Thay d6i khoang cach tic dong ciia vit can p,

Trong trudng hop ndy robot xuat phat tai diém ban dau co toa do (— 3,—7) vé vi tri dich

c6 toa do (6,—3)chi thay d6i P, , cac thong s6 con lai khong d6i. Ta c6 cac két qua mod

phéng trong hinh 3

o

K}
Hinh 3a:

Két

qua  mo véi  qud  mo

Po =1

phong

Nhan xét két qua: Két qua mo phong cho

thdy khi khoang cach tac dong p o cua vat
can cang lon thi duong di cua robot cang
cong. Khi khodng cach tac dong nay 16n
qua thi robot khong dén duoc dich ma s&
bi va vao vat can.

Tir céc két qua mod phong ta thiy rang
phuong phap truong thé niang hoat dong
hi€éu qua khi tranh vat can cuc bg. Luat

BITE55432001

Hinh 3b:

P =05

-3

BI16-5432001 B 9

4
Hinh 3c: Két
phong  véi

o Kbt

phong  vdi

quda  mé

po =15

diéu khién cho robot duoc tao ra truc tiép
tir tong luc tac dong 1én robot. Tuy nhién
phuong phap nay khong thich hop cho
truong hop di chuyén robot toan cuc.

V. KET LUAN

— Trinh bay phuong phap truong thé
trong bai toan tranh vat can cho robot di
dong

— K&t qua m6 phdng robot hoat dong trong
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