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Dynamic obstacle-avoiding path plan for

robots based on a new artificial potential field function
FAN Xiao-ping, LI Shuang-yan, CHEN Te-fang
(Research Center for Automation Engineering, College of Information Science and Engineering, Central South University , Changsha Hunan 410075, China)
Abstract: The artificial potential field is in the common use to plan the ’robot path. But if conic curve function is the model
of attractive field, there is chattering phenomenon at target point. Based on the analysis of chattering cause,a new potential field
function is presented by adding an exponential factor to the conic curve attractive function. It can eliminate singularity chattering
in planning. Meanwhile, in order to achieve flexible control of distance between robot and obstacles, a parameter called sensitivity
is introduced in the repulsive function. By adjusting the magnitude of the sensitivity, the deficiency that robot cannot reach its tar-

get inside the range of repulsion action in traditional potential field function can be avoided. Simulation results are given.

Key words: artificial potential field method; dynamic obstacle avoidance; robot path planning

1 3|3 (Introduction)

BEE DL ATE DAL SR SR RINERR B 23
BERT, ATTRTHLES A 68 B ER R SRe iR g , R ML
BANEEHIRPER SHBEHRELTREE S, T
HEREA WS EEMNTRERERVLES AR
HERE B2, A BE B . BLE A SR AR I
AR5 8, R B B R MR 21 Stentz A 9 D
B R EkbI% A LR B L REEN
AR AR TG A L o B B SR PR B T 2
BLF . AN L#4%%: i Khatib 32, fth7E SCER[4 ] 48
1T NTRR J1 R K. WG , A T353R 18 BNl
U 5588 . Khosla P $2 H # — YR 56 %X ( Superquadric

5 B 3#1:2004 - 05 - 27; BUBEH A 3 :2005 - 01 - 10.
HSWH DR ARBEE ST H (69975003) .

Function) , ¥R R IR BE AR ) 5 J1 45— 8 1 Bk
BT 1Y, LR NEY REY RS
0 # BE , 3 FI 18 1 5 $X (Harmonic Function )1 3 5] %
JRERE/ MR FEANLHEG S, RER/MaEE A
KEHTEFS B T4 R 8, BA FA BT
BHAL =N REEAN IR HFFEANEH
B A SCE X R R, A SE T TR R R S B

A SCTE B 4 B 22 5 | 137 R ) (g SRl hn DAk

I MERORES | R R A TTIE R T AR

{EAR B T B BIR IR 15 R 5 | A BURE
BR8N AR BT, Y S YL A HIBE RS
FEERZ T AR E AR A THRESR.


http://www.cqvip.com

704

w M A

B0k

2 AT B35 E BRI E K 5 (Determi-

nation and analysis of the new artificial po-

tential field function)

ANLRpE AR RS B,
28R — R, IR A B T 895 iR A,
AT HG i E S , B AR BGE 5% R 454,
RELLVLES A HIE R 9 5 HAR 4 f iR 0L . #49
BESIIRER IR EBYRE TR R, LR
SeRBN S5 YA %, T H, YlE8 ARG
IR ANGZE R AR, BAs BT 51 04k, 51 135K
BEHRAMER X, AL A E Hir sshie, %5
FINEHREK X HE, 51 J1H8 5 R 3 A% 7= A AH R A,
RS R R, B S EE B, (R ILEE
NI RERRY), 10 B AR sliz 3l .

B gm0, 0,) A n ETAES A w HH—
H, HEXERISEATENE. ROG R

_ A _ A _ _
Ul = g = g T (S

%)) (o) BARVLBASEBYZEEE, A N
EBIEF), W H 35 RS HLEs A B R 4 i B
B %, HHR S RERE B AR/ N AR K

15| £ ey £ R4 Uatt(q) = Epz(Q) = EPgOal(q)ﬁE
HEN NG, 00 = |4 - gl = (2 (x5 = %)% %0,

HTHLEA G HARZ MM, ¢ WHHIEF), &%
51135 AT LUGEAR BL B W 5| 1k 57 (B AETE HAR
PRI FAIRAHTE B A S

$F U = &0y 515135, BP0 B 11
(g - qgoa)
” q - qgoa.l” .

A L, 7625 (6] o B F AR A g 0L,
Fulq) OB — B8 T ¢ = quur EDFLEEA

FERBRAH, Fulq) = o B3I RERFHSF
SRR X AR R M M R G 4 A — R,
Fulq) BONREM . WIS ATE HAR S B3
H T WREHR, AT A En—R 3, 6 H AR
SRERA 5 A R R Sk AT S, L4y
TFHEE FRUHE K T4 TR, 9T
{8 Fo(q) TEEFRR, quou HE, BARGHBNEEE A .
IR 447, (58 5 o Bk ik 2
(q - qgoal)(f(q) - &)
lg ~ ggoull

Fatt(q) ==V Uatt(q) =-£

Fatt(q) =

s.t. f(qua) - & =0.
BIRT 5| e HAn i E, HHIR AR E .
BATI f(qgoa) = aBel2, BIRRE X off = &, BI
AL R4 R s 1 551 55138
Fulg) == £V py+ Vprafe®: =

(g = qgoa) (6 - afe™2)
_ V(OZ(E _ aﬁe""’Z) - q qgal aﬁe
lg - gl

Uu = &o2 + Be™ 2.

TN, R TSR P E RIE R FIVLES A
SRy B R, RATE SN R 5 m8URE F
os , JTIEHBUEH R/,

WHR G ER 3R

Uwp = Alos x 0d)" x iz,

o1
Frep(x) == VUeg =~ Aos x od)"Vpl'2 =
- 22(0s x od)"Vpl'3.

HER ST F ooy SOETS LA BB o) 943K 07
BURL L, SXARERIIE T 7 e B 8 498 DL 3 Ok /) )
K. os AHLEE AT Y M BURIE , T od NI
WA MR YRR B R, R IREE BURE R n
R R K . YERYZALFIEEREBY 5
WREURE, AP A ENERER MERERZF
B, HER S BN B BURE S HOUE R A B E
W, EREAFRNERS LR ERAKLERN
8. :

HAEESEORIEHNE. 4 w = IR, HLEA
RS, g = (x,y).

Xt A T 2GR BTN T H 5L, Ry
TR 5 R

U,

=—%(osxod)"xi2. (1)

ep
01

Hep o1 = (lxR" xo|2+ I}’R— yo|2
BARURESERENEE, X BN n = 3.5,
A =-0.5.

)0.5.

FRAG=ERR IR
Frop = - grad[ U] = = V Uy = Frp(2) + Frip(5),
(2)
Frg(x) = = (o8 x odys a2l (3)
¥ £1
;',ep(y) =—(osx0d)3'57|yR;yo1. (4)

o1

HoarE 155 %51


http://www.cqvip.com

5 H

BEBEFF T H AT RE A PLES A sh A B B R 705

4
& =700, f =350, a = 50,
W BAR =485 15H

Uy = 7000, + 3506 700%7:. (5)
Hrp P2 = (|xR_ x,|2+ ‘J’R— J’z|2)0'5-
F’m =—grad[ U, ] =
= VU = Fu(®) + Fouly). (6)

510 Fo 7 x 5y FREES I BN

4
700 x |xR - x,| x (1 — e 700%F2)
02

Fan(x) = ; (7)

4
. 700 - 1 - o 0%
Fan(y) = % |J’R ytl):( ° ) (8)

AT AEENER 51 15 e — e R R R 4 2R 5

HERBEE T 350e 000 E—FF, HEFH5IA
BT R B AR SIS B S A R E X H AR
SR AT, (L ATE H A I E
BT 5 2 16 3k R 3 . i R R B SR B
RERIER A, R 58] 15, i 2R
&%,

Uwa = Uy + Urep =

A 1 s 1
7000, + 350e™700%F2 ‘é‘(os x od)> x =5.
o1
(9)

B FEEVSAREERS, Un P o BH

VEFIRR AR/ , T I B 350e700%%2 3 T 3K
@jﬁ %m%ﬁkﬁliﬁ Eﬁi}f—i}ﬁ,xﬂ = X ED 02 = 0,

4
Uw = 350e™700%¢2 = 350, fij Urep =" %(Os X 0d)3'5

x pi R E LB AT SRR, MLE A
1
FRARE, Rablah, Bl

(0s x od)?3 x ;)13 = 700. (10)
i

L FEE os AR/, R (10) W LA A, [R]AT
ABAT LU S5 G337 sR B B AR SZERR RS R 11
FEEIN, ML AT 35 B AR S 0. R Z 7
THRHT AU x J5 ) 54T

Froa = Fuu(x) + Frp(x) =

4
700 x | xg — %, x (1 — & 700%2)
02

|xR_xo|
4

(o0s x od)?3
01

y FAZSEOEM, & A = Sy iy
FIHREA. S8 AT HAREE, W3 F W (x)
B/, BN IE S 0p BB/ RIE L. THHLER ASE
SE RO, R ) F () IR, WK BEE
ot BIB/NRIE L. SPLE8 N iE B R et , R 0T
R B T BEARL PR, T A ABAIA O RS S 0L 2% A B Y
WE|—EEN, F I NE. PLas AL ey B AR s, 51

B WL T 0050 BOAE . BB A B

EEARE, 00 = 0, | %r - x| = 0, BIEWRIEE

W, [FIREASE] (o5 x 0d)™S = 70002 HyZf .
LR T G L

3506770042 X— S5, W LA B AR . i
VT HURE os IR/, VLSS B SERIE RIS .
3 {FE4 R (Simulation results)

BIELTRA: '

Step 1 R FIRAFRFOT B LRI ER
PG5 77;

Step 2 Hlas AR BA J1 5 mAERTIZE 3
—2F; -
Step 3 FIWrE &L HAR, BN L, & WHE
[ Step 1.

BHEEH JAVA IR E LB, HOT R R A 1~
4 B .

1) B 1 BEBSEEYIHES, 5] 15 R % i

2 U, = 1000, REIIET o 700%% B 2L A
SERTTIBBWLIALE b, c W95 K.

2) B2 FIE 3 BT o~ 700% LSS 1 2045
B REE EAT A, DL A S AR, BT ABLEE
NEERANEEES, XFRTE 1 PHLEAL
B A2 R E RS, B IR E W k. TIHF S
7 SRR BURE o5 S35 2032, B R AR EM T
R os XIHLEE NGBS BB .

3) B 4 BHLEATE 2 MBI S 4 M ik
R S8 B R S 7 2

BT WA SR E S A R, R 1 B
4 step + M n RBESRS NI L E
kiR MO E KRB RN, A SRR EH R,
SO B 1k R, T2k 2 B A A9 BB
FIE BRI . 5 3 BT & B i B
step + ¥ n FREH .


http://www.cqvip.com

706 # oH ® O 5 N H Tk

1

o Step3
step 4
stepSe® ¢

Slep6 ¢ giep7

.Steb
-
Step9?’

o step 10

¢ Step 11

b step 12,14,16,18,20
¢ step 13,15,17,19,21

R %Y
7

. o Step 1
step 50

step3 @
stepd @
stepSe® ¢
step6 @
step7 @
step 8 ¢ ’ .
step9 e

step10 ®
step 11 ®
step12®

et Step 13~21
Qe te Siep

B 1 51350 R HE 2 97 iR

Fig. 1 Result of original conic curve potential field function
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Fig.2 Result of new function with os=2
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Fig. 4 Obstacle avoidance with two moving obstacles
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